LOADS AND FORCES ON TIMBER BRIDGES

6.1 INTRODUCTION

6.2 DEAD LOAD

A bridge must be designed to safely resist al loads and forces that may
reasonably occur during its life. These loads include not only the weight of
the structure and passing vehicles, but aso loads from natural causes, such
as wind and earthquakes. The loads may act individually but more com-
monly occur as a combination of two or more loads applied simultane-
ously. Design requirements for bridge loads and loading combinations are
given in AASHTO Sandard Specifications for Highway Bridges
(AASHTO).” AASHTO loads are based on many years of experience and
are the minimum loads required for design; however, the designer must
determine which loads are likely to occur and the magnitudes and combi-
nations of loads that produce maximum stress.

This chapter discusses AASHTO load fundamentals as they relate to
timber bridges. Methods and requirements for determining the magnitude
and application of individual loads are presented first, followed by discus-
sions on loading combinations and group loads. Additional information on
load application and distribution related to specific bridge typesis givenin
succeeding chapters on design.

Dead load is the permanent weight of al structural and nonstructural
components of a bridge, including the roadway, sidewalks, railing, utility
lines, and other attached equipment. It also includes the weight of compo-
nents that will be added in the future, such as wearing surface overlays.
Dead loads are of constant magnitude and are based on material unit
weights given by AASHTO (Table 6-1). Note that the minimum design
dead load for timber is 50 |b/ft’for treated or untreated material.

Dead loads are commonly assumed to be uniformly distributed along the
length of a structural element (beam, deck panel, and so forth). The load
sustained by any member includes its own weight and the weight of the
components it supports. In the initial stages of bridge design, dead load is
unknown and must be estimated by the designer. Reasonable estimates
may be obtained by referring to similar types of structures or by using
empirical formulas. As design progresses, members are proportioned and
dead loads are revised. When these revised loads differ significantly from
estimated values, the analysis must be repeated. Severa revision cycles
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6.3 VEHICLE LIVE LOAD

Table 6-1. - Material dead load unit weights.

Material Dead load (Ib/ft)
Timber (treated or untreated) 50
Steel of cast steel 490
Cast iron 450
Aluminum alloys 175
Concrete (plain or reinforced) 150
Pavement, other than wood block 150
Macadam or rolled gravel 140
Compacted sand, earth, gravel, or ballast 120
Loose sand, earth, and gravel 00
Cinder filling 60
Stone masonry 70

From AASHT0'3.3.6; © 1983, Used by permission.

may be required before arriving at a final design. It is often best to com-
pute the final dead load of one portion of the structure before designing its
supporting members.

TERMINOLOGY

Vehicle live load is the weight of the vehicles that cross the bridge. Each
of these vehicles consists of a series of moving concentrated loads that
vary in magnitude and spacing. As the loads move, they generate changing
moments, shears, and reactions in the structural members. The extent of
these forces depends on the number, weight, spacing, and position of the
loads on the span. The designer must position vehicle live loads to pro-
duce the maximum effect for each stress. Once the locations for maximum
stress are found, other positions result in lower stress and are no longer
considered.

Vehicle live loads are generally depicted in diagrams that resemble trucks
or other speciaized vehicles. The terms used to describe these loads are
defined below and shown in Figure 6-1.

Gross vehicle weight (GVW) is the maximum total weight of a vehicle.
Axleload is the total weight transferred through one axle.

Axle spacing is the center-to-center distance between vehicle axles. Axle
spacing may be fixed or variable.
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Figure 6-1. - Typical diagrams and terms for describing vehicle live loads used for bridge
design.

Wheel load is one-half the axle load. Wheel loads for dual wheels are
given as the combined weight of both wheels.

Wheel lineis the series of wheel loads measured along the vehicle length.
The total weight of one wheel lineis equal to one-half the GVW.

Track width is the center-to-center distance between whed lines.

AASHTO specifications provide two systems of standard vehicle loads,

H loads and HS loads. Each system consists of individua truck loads and
lane loads. Lane loads are intended to be equivalent in weight to a series
of vehicles (discussed in the following paragraphs). The type of loading
used for design, whether truck load or lane load, is that producing the
highest stress. It should be noted that bridges are designed for the stresses
and deflection produced by a standard highway loading, not necessarily
the individual vehicles. The design loads are hypothetical and are intended
to resemble a type of loading rather than a specific vehicle. Actual stresses
produced by vehicles crossing the structure should not exceed those
produced by the hypothetical design vehicles.

Truck Loads

There are currently two classes of truck loads for each standard loading
system (Figure 6-2). The H system consists of loading H 15-44 and
loading H 20-44. These |loads represent a two-axle truck and are desig-
nated by the letter H followed by a number indicating the GVW in tons.
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Flgure 6-2. - Standard AASHTO truck loads (from AASHTO’Figures 3.7.6A and 3.7.7A;
©71983. Used by permission).
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The load designations also include a “-44” suffix to indicate the year

that the load was adopted by AASHTO (1944). The weight of an H truck
is assumed to be distributed two-tenths to the front axle and eight-tenths to
the rear axle. Axle spacing is fixed at 14 feet and track width at 6 feet.

Truck loads for the HS system consist of loadings HS 15-44 and HS 20-44.
These loads represent a two-axle tractor truck with a one-axle semitrailer
and are designated by the letters HS, followed by a number indicating the
gross weight in tons of the tractor truck. The configuration and weight of
the HS tractor truck is identical to the corresponding H load. The additional
semitrailer axle is equal in weight to the rear tractor truck axle and is
spaced at a variable distance of 14 to 30 feet. The axle spacing used for
design is that producing the maximum stress.

When H 20-44 and HS 20-44 |oads are used for timber deck (floor) design,
amodified form of standard loading is permitted by AASHTO. Instead of
the 32,000-pound axle load specified for the standard trucks, one-axle loads
of 24,000 pounds or two-axle loads of 16,000 pounds each, spaced 4 feet
apart, may be used (AASHTO’Figures 3.7.6A and 3.7.7A). Of the two
options, the loading that produces the maximum stress is used design.
These modified loads apply to the design of most timber decks, but do not
apply to transverse beams, such as floorbeams (Chapter 8).

Lane Loads

Lane loads were adopted by AASHTO in 1944 to provide a smpler method
of calculating moments and shears. These loads are intended to represent a
line of medium-weight traffic with a heavy truck positioned somewhere in
the line. Lane loads consist of a uniform load per linear foot of lane com-
bined with a single moving concentrated |oad, positioned to produce the
maximum stress (for continuous spans, two concentrated |oads -- one placed
in each of two adjoining spans -- are used to determine maximum negative
moment). Both the uniform load and the concentrated loads are assumed to
be transversely distributed over a 10-foot width.

AASHTO specifications currently include two classes of lane loads: one
for H 20-44 and HS 20-44 loadings and one for H 15-44 and HS 15-44
loadings (Figure 6-3). The uniform load per linear foot of lane is equal to
0.016 times the GWV for H trucks or 0.016 times the weight of the tractor
truck for HS trucks. The magnitude of the concentrated loads for shear and
moment are 0.65 and 0.45 times those loads, respectively.

Modification to Standard Loads

There may be instances when the standard vehicle loads do not accurately
represent the design loading required for a bridge. In such cases, AASHTO
permits deviation from the standard loads provided they are obtained by
proportionately changing the weights for both the standard truck and
corresponding lane loads (AASHTO 3.7.2). The weights of the standard
loads are increased or decreased, but the configuration and other require-
ments remain unchanged.
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Figure 6-3. - Standard AASHTO lane loads (from AASHTO’Figure 3.7.6B; © 1983. Used
by permission).

Example 6-1 - Modified loading for standard AASHTO loads

Determine the AASHTO truck and lane loads for H 10-44 and HS 25-44
loadings.

Solution
H 10-44 L oading

The GVW of an H 10-44 truck load is 10 tons, or 20,000 pounds. From
Figure 6-2, the GVW is distributed 20 percent to the front axle and 80 per-
cent to the rear axle:

Front axle load = 0.20(GVW) = 0.20(20,000) = 4,000 Ib

Rear axle load = 0.80(GVW) = 0.80(20,000) = 16,000 Ib

4,000 I 16,000 Ib
| 14

' }
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For lane loading, the uniform load is 0.016 times the GVW:
Uniform lane load = 0.016(GVW) = 0.016(20,000) = 320 |b/ft

Concentrated loads for moment and shear are 0.45 and 0.65 times the
GVW, respectively:

Concentrated load for moment = 0.45(GVW) = 0.45(20,000) = 9,000 Ib

Concentrated load for shear = 0.65(GVW) = 0.65(20,000) = 13,000 Ib

8,000 Ip for moment
Concenirated load 13,000 b for shear

l /——- Linifarm koad 320 Ib/A

S 2 S N T I I

HS 25-44 L oading

For an HS 25-44 truck load, the weight of the tractor truck is 25 tons, or
50,000 pounds. From Figure 6-2, the weight is distributed 20 percent to
the front axle and 80 percent each to the rear tractor truck axle and semi-
trailer axle:

Front axle load = 0.20(50,000) = 10,000 Ib

Rear tractor and semitrailer axle loads = 0.80(50,000) = 40,000 Ib

10,000 & 40,000 b 40,000 Iy
14 ‘ 14'30° -_l
i

For lane loading, the uniform load is 0.016 times the weight of the tractor
truck:

)

Uniform lane load = 0.016(50,000) = 800 Ib/ft

Concentrated loads for moment and shear are 0.45 and 0.65 times the
weight of the tractor truck:
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Concentrated load for moment = 0.45(50,000) = 22,500 Ib

Concentrated load for shear = 0.65(50,000) = 32,500 Ib

22,500 |b for moment
G'DHDEI'ItI‘ath k)ﬂd {32150{) |b fﬂ,r shear

Unilorm load 800 bt

¥ ¢+ vt ¢ ¥

L
bt

Alternate Military Loading

In addition to the standard loading systems, AASHTO also specifies an
aternate military loading (AASHTO 3.7.4) that is used in some design
applications discussed later in this section. This hypothetical loading
consists of two 24,000-pound axles spaced 4 feet apart (Figure 6-4).
Thereisno lane load for the aternate military loading.

-

|

24,000 |b 24,000 Ib ~— Axle loads

"~
~
-~
-
-~
~
~
-
T

Figure 6-4. - AASHTO alternate military loading.
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APPLICATION OF VEHICLE
LIVE LOAD

Overloads

An overload or permit load is a design vehicle that represents the maxi-
mum load a structure can safely support. It is generally a specialized
vehicle that is not part of the normal traffic mix but must occasionally
cross the structure. Although there are no standardized AASHTO over-
loads, many States and agencies have adopted standard vehicle overloads
to meet the use requirements of their jurisdictions. Three of the overloads
commonly used by the Forest Service are shown in Figure 6-5. In most
cases, overloads are controlled or restricted from crossing bridges without
aspecia permit.

LUB0truck - GYW = B0 tans

(Axle lvads are shown}
12,000 37,000 237,000 37,000 37,000
b b I I b
L 0. 8 0O © © ©
™ gge |""14'-n* i PSS YN 30 s
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{Axle loads zra shown)

8,000 42,500 42,500 56,000 58,000
o] Ib Ity

b B
| . _® © © ©_©
™7™ T T P e p T

L9 tracked loader— GVW = 80 tons

00,000 Ib_| | 80,000 b [
,_%é, 2 2

N - -
I—'_ﬁ?g}" _'_I 150~ _"l

L

Figure 6-5. - Overload vehicles used by the USDA Forest Service.

Vehicle live loads are applied to bridges to produce the maximum stress in
structural components. The designer must determine the type of design
loading and overload (when required), compute the absolute maximum
vehicle forces (moment, shear, reactions, and so forth), and distribute
those forces to the individual structural components. The first two topics
are discussed in the remainder of this section. Load distribution to specific
components depends on the configuration and type of structure; it is
addressed in subsequent chapters on design.

Design Loading

Vehicle live loads used for design vary for different locations and are
established by the agency having jurisdiction for traffic regulation and

6-9



control. Bridges that support highway traffic are designed for heavy truck
loads (HS 20-44 or HS 25-44). On secondary and local roads, a lesser
loading may be appropriate. To provide a minimum level of safety,
AASHTO specifications give the following minimum requirements for
bridge loading:

1. Bridges that support interstate highways or other highways that
carry or may carry heavy truck traffic are designed for HS 20-44
loading or the alternate military loading, whichever produces the
maximum stress (AASHTO 3.7.4).

2. Bridges designed for less than H 20-44 loading also must be
designed to support an infrequent heavy overload equal to twice
the weight of the design vehicle. Thisincreased load is applied in
one lane, without concurrent loading in any other lane. The
overload applies to the design of all affected components of the
structure, except the deck (AASHTO 3.5.1). When an increased
loading of this type is used, it is applied in AASHTO Load Group
IA, and a 50-percent increase in design stress permitted by
AASHTO (see discussions on load groups in Section 6.19).

Traffic Lanes

Vehicle live loads are applied in design traffic lanes that are 12 feet wide,
measured normal to the bridge centerline (AASHTO 3.6). The number of
traffic lanes depends on the width of the bridge roadway measured be-
tween curbs, or between rails when curbs are not used (AASHTO 2.1.2).
Fractiona parts of design lanes are not permitted; however, for roadway
widths from 20 to 24 feet, AASHTO requires two design lanes, each equal
to one-half the roadway width (this requirement generally does not apply
for single-lane, low-volume bridges that require additional width for curve
widening). For al other widths, the number of traffic lanesis equal to the
number of full 12-foot lanes that will fit the roadway width.

Each traffic lane is loaded with one standard truck or one lane load,
regardless of the bridge length or number of spans. The standard loads
occupy a 10-foot width within the lane and are considered as a unit
(Figure 6-6). Fractiona parts of either type of load are not alowed. Traffic
lanes and the vehicle loads within the lanes are positioned laterally on the
bridge to produce the maximum stress in the member being designed, but
traffic lanes cannot overlap. In the outside lanes, the load position in
relation to the nearest face of the rail or curb depends on the type of
component being designed. For deck design, the center of the wheel lineis
placed 1 foot from the railing or curb. For the design of supporting beams
and other components, the center of the wheel lineis placed 2 feet from the
rail or curb. Vehicle positioning in traffic lanes is discussed in more detail
in subsequent chapters on bridge design.
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For deck design, the center of the wheel line is assumed to be
positioned 1 foot from the nearest face of the curb or rail

Figure 6-6. - AASHTO traffic lanes. The 10-foot truck width is positioned laterally within
the 12-foot traffic lane to produce the maximum stress in the component being designed.

Maximum Forces on Simple Spans

Maximum forces from vehicle live loads on simple spans depend on the
position of the loads on the span. For lane loads, these positions are well
defined and apply to al span lengths. For truck loads, general load posi-
tions are defined; however, the specific combination of wheel loads that
produces the maximum forces may vary for different span lengths. When
the span is less than or equal to the vehicle length (in some cases slightly
greater than the vehicle length), the group of wheel loads that produces the
maximum force must be determined by the designer. Some trial and error
may be required when short spans are loaded with long vehicles with
many axles. For truck loads with variable axle spacing, for example, the
HS 15-44 and HS 20-44 loads, the minimum axle spacing always produces
the maximum forces on simple spans.

Genera procedures for determining maximum vehicle live load forces on
simple spans are discussed below and shown in Examples 6-2 and 6-3.
Tables for computing maximum moment, vertical shear, and end reactions
for standard truck and lane loads and selected overloads are given in
Chapter 16. For additional information, refer to references listed at the end
of this chapter.”*

Maximum Moment

In most cases, the maximum moment on a simple span from a series of
moving wheel loads occurs under the wheel |oad nearest the resultant (R)
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of al loads when the resultant is the same distance on one side of the span
centerline as the wheel load nearest the resultant is on the other side.

R

||= { Equal distance
@ ?I ; O -
e

For lane loads, the maximum moment on a simple span occurs at the span
centerline when the uniform load (w) is continuous over the span length
and the concentrated load for moment (P,) is positioned at the span
centerline.

P

L]

EEEENAENEASEEEENEEAN;
L ‘l ..
~ e

L2

—— Mapimum momeant

Maximum simple span moments for AASHTO vehicle loads are shown
graphically in Figure 6-7. Truck loads control for simple spans less than
56.7 feet for H loads and 144.8 feet for HS loads (the aternate military
loading controls over the HS 20-44 load on spans less than 41.3 feet). On
longer spans, lane loads control.

Maximum Vertical Shear and End Reactions

The maximum vertical shear and end reactions for wheel loads on a simple
span occur under the wheel over the support when the heaviest wheel
(generally the rear wheel) is positioned at the support, with the remaining
wheel |oads on the span.

(2 Q Q

Maximum verical shear and end reaction
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Figure 6-7. - Maximum moment on a simple span from one traffic lane of standard
AASHTO vehicle loading.

The absolute maximum vertical shear and end reaction for lane loads
occur when the uniform load is continuous and the concentrated load for
shear (P,) is positioned over the support.

p'u’
f + F T F Y ¥ K B | [ ¥ i I R
t Maximurn vertical shear and end reaction
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Maximum end reactions computed by these procedures are based on the
bridge span measured center to center of bearings and are commonly
tabulated in bridge design specifications and handbooks. Although they
are technically correct for point bearing at span ends only, they do provide
avery close approximation of the actual reaction for short bearing lengths.
For very long bearing lengths, reactions should be computed based on the
out-to-out span length with loads placed at the span end.

Maximum vertical shear and end reactions produced by AASHTO loads
are shown graphically in Figure 6-8. Truck loads control maximum verti-
ca shear and end reactions for simple spans less than 33.2 feet for H loads
and 127.3 feet for HS loads (alternate military loading controls over HS
20-44 |oading on spans less than 22 feet). On longer spans, lane loads
control.
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Figure 6-8. —Maximum vertical shear and end reactions on a simpele span from ane traffic
fane of standard AASHTO vehicts fpading.
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Maximum Intermediate Vertical Shear

The maximum vertical shear at an intermediate point on a simple span is
computed by positioning the loads to produce the maximum reaction at the
support nearest the point. For truck loads, this generally occurs when the
heaviest (rear) wheel load is placed over the point and no wheel loads
occur on the shortest span segment between the point and the support.

Q O o)

1_ Maximum intermediate verical shear

The maximum intermediate vertical shear for lane loads is produced by
using a discontinuous uniform load with the concentrated |oad for shear
(P,) positioned at the point where shear is computed.

P

! "

 BEBEEE ' AEREE

oL

Maximum intermediate vertical shear

Example 6-2 - Maximum vehicle forces on a simple span; H 15-44 loading

For one lane of H 15-44 loading on a 62-foot simple span, determine the
(1) maximum moment, (2) maximum reactions, and (3) maximum vertical
shear at a distance 10 feet from the supports.

Solution
From Figure 6-2, the H 15-44 truck load consists of one 6,000-pound axle
and one 24,000-pound axle with an axle spacing of 14 feet:

5,0001b 24.000 b

From Figure 6-3, H 15-44 lane loading consists of a uniform load of
480 Ib/ft and a concentrated load of 13,500 pounds for moment and
19,500 pounds for shear.

Maximum Moment

Maximum moment from truck loading will be computed first. The dis-
tance (x) of the load resultant from the 24,000-pound axle is determined
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by summing moments about the 24,000-pound axle and dividing by the
gross vehicle weight:

(14 f1)(6,000 1b)

= =28t
{6,000 1b + 24,000 1b)

R = 3000010
6,000 Ib 24,00¢ b

l_‘ 1.2 l___x o

Maximum moment occurs under the 24,000-pound axle when the span
centerline bisects the distance between the load resultant and the axle load:

A = 30,000 Ib
6,000 b 24.000 Ib
14" -—1.4
1.2 t!1
)
31" D 31"
R, Rq

30,000 1b){31 ft - 1.4 fu)

=14,322 b
62 fr

RR=(

Mo = (1432210331 ft — 1.4 ft) = 423,931 fi-1b

For lane loading, the concentrated load for moment is positioned at the
span centerline:

13,500 In

| w=480 M
R R N S SO Y N O S
H: ar' "1 31" FHH

MM.&.'('=_

= 439,830 fi-lb
8 4 5

wi® JPL_ 480(62) 4 13,500(62)
|

439,890 ft-1b > 423,931 ft-Ib, so lane loading produces maximum moment.
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Maximum Reactions

For truck loading, the maximum reaction is obtained by positioning the
24,000-pound axle over the support:

24,600 b 6,000 1b
1w
9 ¥
] |
62" -
R, R,
6,000 1b)(62 ft - 14 ft) + (24,000 1b)(62
Ry = R, = N6201-14141)+(24,00010062 1) _ 58 gas1b

62 ft

For lane loading, the maximum reaction is obtained by placing the concen-
trated load for shear over the support:

w = 480 |bit

t t vt v v t ¥ Y ¥ %

R, &2 R,

19,5?-0 [+]

{480 1b/ft )(62 f1)

Rune = 8= 2 fi

+19,5001b =34,3801b

34,380 b > 28,645 b, so lane loading aso produces the maximum
reaction.

Maximum Vertical Shear 10 feet from the Support

For truck loading, the maximum vertical shear 10 feet from the support is
obtained by positioning the 24,000-pound axle 10 feet from the support:

24,000 Ib 5.000 1
- 14
) L
] i

il 101 il 52‘
HL Hq

¥

6,000 1b){(52 ft —14 i)+ (24,000 1b)(52 ft)

V“"‘":RL:{ 62 fi

= 23,806 b
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For lane loading, maximum vertical shear is obtained using a partial
uniform load with the concentrated load for shear positioned 10 feet from
the support:

19,500 I
I W-ﬂﬂ"bﬂrﬂ
Y &t ¥ ¥ & 4 ¢ 3 !
o1 | 52 "
H|. HH

Vo =R = (480 To/fe Y52 fr) (52 élzfz )+ (19,500 BYS2L) _ o oo

26,822 |b > 23,806 Ib and lane loading again controls maximum loading.

Example 6-3 - Maximum vehicle forces on a simple span; HS 20-44 loading

Determine the absolute maximum moment and reactions for one lane of
HS 20-44 loading on a 23-foot simple span.

Solution

From Figure 6-2, the HS 20-44 truck load consists of one 8,000-pound
axle and two 32,000-pound axles with a variable axle spacing of 14 to
30 feet. For this simple span application, the minimum axle spacing of
14 feet produces maximum forces:

32,000 b 32,000 b

E,{JUE Ib 14

14

— .

Y ¥ f

From Figure 6-3, HS 20-44 |ane loading consists of a uniform load of
640 Ib/ft and a concentrated load of 18,000 pounds for moment and
26,000 pounds for shear.

Maximum M oment

The span length of 23 feet is less than the vehicle length, so the maximum
moment from truck loading will be produced by a partial vehicle configu-
ration. For the two 32,000-pound axles,
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R = £4,000 Ib

32,000 b l 32,000 kb
A 35 | 35
B KB ' !
[
15 B 15° ]
R, R
R, = (64,000 1b)11.5 ft — 3.5 f1) —22.961 I
231t
M, .. = (22,261 1b)(11.5 ft— 3.5 ft) = 178,088 ft-1b
For a single 32,000-pound axle at the span centerline,
32,000 b
‘ |
A 15" - 115" A,
Rﬂ‘ = w =14,000 1b

M, = (11.5 11){16,000 1b) = 184,004 fi-1b

In this case, maximum moment is controlled by a single axle at the span
centerline, rather than by both axles positioned for maximum moment.
This usually occurs when one axle is located close to a support. For HS
truck loads, the single axle configuration will control maximum moment
for spans up to approximately 23.9 feet.

For lane loading, maximum moment is produced when the concentrated
load for moment is positioned at the span centerline:

18,000 Ib
| w = 640 I
| { ¢+ 1 T S N |
" 115" o 11.5° "
A R,
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The maximum moment of 184,000 ft-1b is produced by truck loading with
asingle 32,000-pound axle positioned at the span centerline.

Maximum Reaction

For truck loading, the maximum reaction is obtained by positioning the
rear 32,000-pound axle over the support (the front axle is off the span):

32,000 b . 32,000 &
]
HL Eil HI‘-‘I
32,000 16){23 1t =14 fi}+ (32,
Ry = R;.=( X £} +(32.000 1b)(23 f) —dd.5221h
231t
For lane loading, the concentrated load for shear is placed over the
support:
26,000 Ib
] r 1 ] 1 | 1
- 55 -
R, A,
640 b f it )(23 ft
Rox=R = { "2 J258) | 56.00010 = 33,360 Ib

44,522 |b > 33,360 Ib, so truck loading also produces the maximum
reaction.

Maximum Forces on Continuous Spans

Maximum vehicle live load forces on continuous spans depend on the
number, length, and stiffness of individua spans. In contrast to the case of
simple spans, for continuous spans the designer must consider both posi-
tive and negative moments, as well as shear and reactions at several
locations. Load positions are not well defined, and it is not always obvious
how the loads should be placed. Historically, load positions have been
determined by using influence diagrams or through trial and error. In
recent years, inexpensive microcomputer programs have become the
primary tool for determining maximum force envelopes. A detailed dis-
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cussion of influence diagrams and other methods is beyond the scope of
this chapter. For additional information, refer to references at the end of
this chapter or other structural analysis publications.

Reduction in Load Intensity

The probability of the maximum vehicle live load occurring simultane-
oudly in al traffic lanes of a multiple-lane structure decreases as the
number of lanes increases. This is recognized in AASHTO specifications,
and areduction in vehicle live load is alowed in some cases (AASHTO
3.12.1). When the maximum stresses are produced in any member by
loading a number of traffic lanes simultaneously, the percentages of the
live loads given in Table 6-2 are used for design.

Table 6-2. - Reduction in load intensity for simultaneous lane loading.

Number of traffic lanes Percent of vehicle live
loaded simultaneously load used for design
One or two lanes 100
Three lanes 90
Four or more lanes 75

From AASHT0°3.12.1; © 1983. Used by permission.

6.4 DYNAMIC EFFECT (IMPACT)

A moving vehicle produces stresses in bridge members that are greater
than those produced by the same loads applied statically. Thisincreasein
stress is from dynamic effects resulting from (1) the force of the vehicle
striking imperfections in the roadway, (2) the effects of sudden loading,
and (3) the vibrations of the vehicle or bridge-vehicle system. In bridge
design, the word impact is used to denote the incremental stress increase
from moving vehicle loads. In most contexts, impact denotes one body
striking another. However, in bridge design, it refers to the total dynamic
effect of moving loads.

AASHTO specifications require that an allowance for impact be included
in the design of some structures. This allowance is expressed as an impact
factor and is computed as a percentage increase in vehicle live load stress.
Because of timber’s ability to absorb shock and loads of short duration,
AASHTO does not require an impact factor for timber bridges (AASHTO
3.8.1). However, when main components are made of steel or concrete,
the impact factor may apply to the design of that member. Refer to
AASHTO specifications for requirements related to application of the
impact factor for materials other than timber.
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6.5 LONGITUDINAL FORCE

Longitudinal forces develop in bridges when crossing vehicles accelerate
or brake. These forces are caused by the change in vehicle momentum and
are transmitted by the tires to the bridge deck. The magnitude of the
longitudinal force depends on the vehicle weight, the rate of acceleration
or deceleration, and the coefficient of friction between the tires and the
deck surface. The most severe loading is produced by a braking truck and
is computed, using physics, by

F, =ﬂE jT—V) (6-1)

where F_= the longitudinal force transferred to the bridge (Ib),
W = the weight of the vehicle (Ib),
g = the acceleration due to gravity (32.2 ft/sec’),
dV = the change in vehicle velocity (ft/sec),
dT = the time required for velocity change (sec), and
u =thefriction factor of the tires on the bridge deck.

The magnitude of the longitudinal force given by Equation 6.1 can vary
substantially, depending on the physical condition of the vehicle and deck
surface. The friction factor, u, isafunction of vehicle velocity and varies
from 0.01 to 0.90, depending on the air pressure and type of tires, amount
of tire tread, and roadway conditions. Additionally, and perhaps of more
significance, is the rate of vehicle deceleration, dV/dT. In stops from high
speeds, vehicle deceleration depends more on the condition of the braking
system than on the friction between the tires and the roadway.

In view of the variables affecting the actual longitudinal force F,
AASHTO specifies an approximate longitudinal force LF based on vehicle
loads (AASHTO 3.9.1). A longitudinal force equal to 5 percent of the live
load is applied in al lanes carrying traffic in the same direction. When a
bridge is likely to become one directional in the future, all lanes are
loaded. The live load used to compute longitudinal force is the uniform
lane load plus the concentrated load for moment. Values of the longitudi-
nal force for one traffic lane are shown in Figure 6-9.
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Figure 6-9. - Longitudinal force for one traffic lane of standard AASHTO vehicle loading.

The longitudinal force is applied in the center of the traffic lane at an
elevation 6 feet above the bridge deck (Figure 6-10). The force acts
horizontally in the direction of traffic and is positioned longitudinally on
the span to produce maximum stress. When the maximum stress in any
member is produced by loading a number of traffic lanes simultaneously,
the longitudinal forces may be reduced for multiple-lane loading as per-
mitted for vehicle live load (Table 6-2).

¢ FOFTY ~ LF

.
@, C

Figure 6-10. - Application of the vehicle longitudinal force.

Longitudinal forces are distributed to the structural elements of a bridge
through the deck. For superstructure design, the forces generate shear at
the deck interface and produce moments and axial forces in longitudinal
beams. Application of the force 6 feet above the deck also produces a
longitudinal overturning effect resulting in vertical reactions at bearings.
In most cases, longitudinal forces have little effect on timber superstruc-
tures, but they may have a substantial effect on the substructure. When
substructures consist of bents or piers, the forces produce shear and
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moment in supporting members. These forces are most critical at the base
of high substructures when longitudinal movement of the superstructure
can occur at expansion bearings or joints. Bearings on timber bridges are
generally fixed, and members are restrained against longitudinal sidesway.
In this case, forces on bents or piers are reduced by load transfer through
the superstructure to the abutments.

6.6 CENTRIFUGAL FORCE

When a vehicle moves in a curvilinear path, it produces a centrifugal force
that acts perpendicular to the tangent of the path (Figure 6-11). In bridge
design, this force must be considered when the bridge is horizontally
curved, when a horizontally curved deck is supported by straight beams,
or when a straight bridge is used on a curved roadway. Situations of this
type are not common for timber bridges, but may occur in some applica-
tions (Figure 6-12).

Diraclion of travel

Instantanequs
velocity

Maving
vehicle

Centrifugal
force

Curve radius

Figure 6-11. - Centrifugal force produced by a vehicle moving on a curved path.

Centrifugal force depends on vehicle weight and velocity as well as the
curve radius. Magnitude of the force is given in AASHTO as a percentage
of vehicle live load applied in each traffic lane (AASHTO 3.10.1), as
given by

rl
C=0.001175"D = 8,685

(6-2)
where C = the centrifugal force in percent of live load,

S= the design speed (mph),
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Figure 6-12. - A timber bridge with sharply curved approach roadways. Trucks crossing
the bridge can produce centrifugal forces that affect the bridge superstructure and sub-
structure.

D = the degree of curve, and
R = the radius of the curve (ft).

The live load used to compute centrifugal force is the vehicle truck load
(lane loads are not used). Traffic lanes in both directions are loaded with
one truck in each lane, placed in a position to produce the maximum force.
The force is applied 6 feet above the centerline of the roadway surface and
acts horizontally, away from the curve (Figure 6-13). When roadway
superelevation is provided, the centrifugal force is resolved into horizontal
and vertical components.

Centrifugal forces are most significant for bridges that have high design
speeds and small radii curves, or are supported by substructures with tall
columns. For substructure design, centrifugal forces can produce large
moments and shears in supporting members, particularly tall piers or
columns. Additionally, they generate a transverse overturning effect on the
superstructure that results in vertical forces at the reactions. For super-
structure design, centrifugal forces produce transverse shear at the deck
interface. For longitudinaly rigid decks that are adequately attached to
supporting beams, these forces are resisted in the plane of the deck and
transferred to bearings by transverse bracing. When timber decks are
considered, many configurations are not longitudinally rigid, and trans-
verse loads can generate torsion in beams between points of transverse
bracing.
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6.7 WIND LOAD
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Figure 6-13. - Application of the vehicle centrifugal force.

SUPERSTRUCTURE LOADS

Wind loads are caused by the pressure of wind acting on the bridge mem-
bers. They are dynamic loads that depend on such factors as the size and
shape of the structure, the velocity and angle of the wind, and the shield-
ing effects of the terrain. For design purposes, AASHTO specifications
give wind loads as uniformly distributed static loads. This simplified
loading is intended for rigid structures that are not dynamically sensitive
to wind; that is, structural design is not controlled by wind loads. With
very few exceptions, timber bridges are included in this category. For
structures that are highly sensitive to dynamic effects (bridges with long
flexible members or suspension bridges), a more detailed analysis is
required. Wind-tunnel tests may be appropriate when significant uncer-
tainties about structural behavior exist.

Wind loads are applied to bridges as horizontal loads acting on the super-
structure and substructure and as vertical loads acting upward on the deck
underside. The magnitude of the loads depends on the component of the
structure and the base wind velocity used for design. Wind loads given in
AASHTO are based on an assumed base wind velocity of 100 miles per
hour (mph) (AASHTO 3.15). In some cases, alower or higher velocity is
permitted when precise local records or permanent terrain features indicate
that the 100-mph velocity should be modified. When the base wind veloc-
ity is modified, the specified loads are changed in the ratio of the square of
the design wind velocity to the square of the 100-mph wind velocity.

Superstructures are designed for wind loads that are applied directly to the
superstructure (W) and/or those that act on the moving vehicle live load
(WL). The magnitude of these loads varies for different loading combina-
tions (AASHTO 3.15.1). In general, the full wind load acts directly on the
structure when vehicle live loads are not present. When live loads are
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SUBSTRUCTURE LOADS

present, the wind load on the structure is reduced 70 percent, and an
additional wind load acting on the moving vehicle live load is applied
simultaneoudly (see Section 6.19).

Loads Applied Directly to the Superstructure

Wind loads acting directly on the bridge superstructure (W) are applied

as uniformly distributed loads over the exposed area of the structure
(Figure 6-14). The exposed area is the sum of areas of al members,
including the deck, curbs, and railing, as viewed in elevation at 90 degrees
to the longitudinal bridge axis. The magnitude of the uniform load for
beam (girder) superstructures is 50 Ib/ft*of exposed area, but not less than
300 Ib/lin ft (AASHTO 3.15.1.1.1). For trusses and arches, the wind load
is 75 Ib/ft of exposed area, but only for trusses not less than 300 Ib/lin ft
in the plane of the windward chord and 150 Ib/lin ft in the plane of the
leeward chord. The wind loads for all superstructure types are applied
horizontally, at right angles to the longitudinal bridge axis.

E ——— Wind load equal to 50 Ibvit?
of exposed area, but not
; less than 300 Ibviin # for

| H U beam-type bridges

Figure 6-14. - Wind load applied to the bridge superstructure.

Loads Applied to the Vehicle Live Load

Wind loads acting on the moving vehicle live load (WL) are applied along
the span length as a horizontal line load of 100 Ib/lin ft. The loads are
applied horizontally at right angles to the longitudinal bridge axis, 6 feet
above the roadway surface (Figure 6-15).

Wind loads on the superstructure are laterally distributed to structural
members and the bearings by the deck and transverse bracing. The loads
produce transverse forces that develop shear at the deck interface and
bearings, axia forcesin the bracing, and small moments in beams or other
supporting members. Wind loads generally have little or no effect on main
superstructure components, but are considered in the design of transverse
bracing and bearings.

Substructures are designed for wind loads transmitted to the substructure
by the superstructure, and those applied directly to the exposed area of
the substructure (AASHTO 3.15.2). Both loads act in a horizontal plane,
but are applied at various skew angles to the structure. The skew angleis
measured from the perpendicular to the longitudinal bridge axis

(Figure 6-16). The angle used for design is that which produces the
greatest stress in the substructure.
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Figure 6-15. - Application of wind load acting on the vehicle live load.

yvind j*—F- Wind skew angle

direction
Figure 6-16. - Wind skew angle for substructure design.

%

Loads Transmitted to the Substructure by the Superstructure

Wind loads transmitted to the substructure by the superstructure include
the loads acting directly on the superstructure (W) and those acting on the
moving vehicle live load (WL). Both loads are applied simultaneously in
the lateral and longitudina directions (Table 6-3). Wind loads acting
directly on the superstructure are applied at the center of gravity of the
exposed superstructure area. Loads acting on the moving live load are
applied 6 feet above the deck.

For beam and deck bridges with a maximum span length of 125 feet or
less, which includes most timber bridges, AASHTO contains special
provisions for superstructure wind loads transmitted to the substructure
(AASHTO 3.15.2.1.3). Instead of the more precise loading given above,
these structures may be designed for the following loads without further
consideration for skew angles:

Wind load on structure (W): 50 lb/ft’, transverse, and 12 Ib/ft’,
longitudinal, both applied simultaneously

Wind load on live load (WL): 100 Ib/lin ft, transverse, and 40 Ib/lin ft,
longitudinal, both applied simultaneously

6-28



Table 6-3. - Wind loads transmitted to the substructure by the superstructure.

Wind load an_the superstructure (Ibf7i%) Wind 1oad on the
Trusses Beams (girders) maoving vehicle live load {Ib/)
Skew angle of Lateral Langitudinal Lateral Longiludinal Laleral Longitudinal
wind {deg} load load load load load [oad
H 75 0 50 0 100 0
15 70 12 44 6 88 12
30 65 28 41 12 82 24
45 47 41 33 16 B6 32
60 24 b0 17 19 a4 28

From AASHTO® 15.2.1.3; © 1983. Used by permission.

OVERTURNING FORCE

Loads Applied Directly to the Substructure

Wind loads applied directly to the substructure are 40 |b/ft’of exposed
substructure area (AASHTO 3.15.2.2). The force for skewed wind direc-
tionsis resolved into components perpendicular to the end and front
elevations of the substructure. The component acting perpendicular to
the end elevation acts on the exposed area seen in the end elevation. The
component acting perpendicular to the front elevation acts on the ex-
posed area seen in the front elevation and is applied simultaneously with
the wind loads from the superstructure.

Wind loads acting on the substructure generate lateral and longitudinal
forces that produce the same effects previously discussed for centrifugal
and longitudinal forces. They are most significant for continuous or
multiple-span structures supported by high piers or bents.

AASHTO specifications (AASHTO 3.15.3) require that the wind forces
tending to overturn a bridge be computed in some loading combinations
(Load Groups 11, 111, V, and VI discussed in Section 6.19). When over-
turning is considered, the wind loads applied to the superstructure and
substructure are assumed to act perpendicular to the longitudinal bridge
centerline. In addition, avertical wind load is applied upward at the
windward quarter point of the transverse superstructure width

(Figure 6-17). This vertical wind load (W) is equal to 20 Ib/ft of deck
and sidewalk area as seen in the plan view. When applied in load combi-
nations where vehicle live loads are present (Load Groups Il and 1V),
the vertical force is reduced to 6 Ib/ft’of deck and sidewalk area.
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Figure 6-17. - Wind load overturning force.

6.8 EARTHQUAKE FORCES

When earthquakes occur, bridges can be subject to large lateral displace-
ments from the ground movement at the base of the structure. In many
areas of the United States, the risk of earthquakesislow, while in others, it
is high. Large earthquakes, such as those that occurred in San Francisco in
1906 and Alaskain 1964, induce strong structure motions that can last up
to 1 minute or more. Smaller earthquakes also can produce significant
motion, although the duration of movement is shorter. Bridge failuresin
earthquakes generally occur by shaking that causes the superstructure to
fall off the bearings, displacement or yielding of tall supporting columns,
or settlement of the substructure caused by a strength loss in the soil from
ground vibrations (Figure 6-18). Earthquake or seismic analysis is con-
cerned primarily with ensuring that the bearings and substructure are
capable of resisting the lateral forces generated by movement of the
superstructure. The objective of seismic analysisis not to design the
structure to resist al potential loads with no damage, but to minimize
damage to a level below that associated with failure.

Bridge earthquake loads depend on a number of factors, including the
earthquake magnitude, the seismic response of soil at the site, and the
dynamic response characteristics (stiffness and weight distribution) of the
structure. An exact analysis is complex and requires specific seismic data
for the site. For timber bridges, the most appropriate method of analysisis
generally the equivalent static force method given in AASHTO 3.21.1.
Using this simplified procedure, which is intended for structures with
supporting members of approximately equal stiffness, the earthquake force
(EQ) applied as an equivalent static force at the structure’s center of mass,
is computed as

EQ = (C)(F)(W) (6-3)
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Figure 6-18. - Earthquake damage to a timber trestle highway bridge that occurred during
the Alaska earthquake of 1964 (photo courtesy of the Alaska Department of Transportation
and Public Facilities).

where EQ = equivalent static horizontal force applied at the center of
gravity of the structure (Ib),

C = combined response coefficient,

F = framing factor (1.0 for structures where single columns
or piers resist the horizontal forces, 0.80 for structures
where continuous frames resist horizontal forces applied
aong the frame), and

W = total dead load weight of the structure (Ib).

The combined response coefficient C in Equation 6-3 can be computed
directly from equations given in AASHTO when seismic data are avalil-
able for the site. In many cases, such data are not available, and C is
determined from graphs based on the natural period of vibration (T) of the
structure, the expected rock acceleration (A), and the depth of alluvium to
rocklike material at the site. Graphs for determining C for depths of
aluvium to rocklike material of 0 to 10 feet and 11 to 80 feet are shown in
Figure 6-19 (see AASHTO 3.21.2 for greater depths). To use the graphs,
the designer must determine the applicable values of T and A:
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=0 32@ (6-4)

where T = period of vibration of the structure (sec), and

P = total uniform force required to cause a 1-inch maximum
horizontal deflection of the structure (Ib).
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Figure 6-19. - Combined response coefficients and seismic zones used for cor%outing
earthquake loads by the equivalent static force method (from AASHTO’3.21.1; © 1983.
Used by permission).
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6.9 SNOW LOAD

When maximum expected rock acceleration maps are not available for the
specific site, the following values for A should be used based on the site
zone from the seismic risk maps given in Figure 6-19:

Zone 1 A=009g
Zone 2 A=022g
Zone 3 A=0.50g

In addition to the equivaent static method given in the AASHTO bridge
specifications, AASHTO has also published a much more comprehensive
Guide Specifications for Seismic Design of Highway Bridges. This guide,
which may be used in lieu of the equivalent static force method, gives
several methods of analysis based on a number of factors related to the
location and type of structure. For single-span bridges, no seismic analysis
is required; however, the connections between the bridge span and the
abutments must be designed to longitudinally and transversely resist the
dead load reaction at the abutment multiplied by the acceleration coeffi-
cient, A, at the site. In addition, expansion ends (which are generally not
required on timber bridges) must meet minimum bearing length require-
ments given in the specifications. The AASHTO guide specifications
present a good approach to seismic analysis and include commentary and
design examples. Their use is currently optional but highly recommended.

Snow loads should be considered when a bridge is located in an area of
potentially heavy snowfall. This can occur at high elevations in mountain-
ous areas with large seasona accumulations. Snow loads are normally
negligible in areas of the United States that are below 2,000 feet elevation
and east of longitude 105°W, or below 1,000 feet elevation and west of
longitude 105°W. In other areas of the country, snow loads as large as
700 Ib/ft?may be encountered in mountainous locations.

AASHTO specifications do not require consideration of snow loads except
under special conditions (AASHTO 3.3.2). The effects of snow are
assumed to be offset by an accompanying decrease in vehicle live load.
This assumption is valid for most structures, but is not redlistic in areas
where snowfall is significant. When prolonged winter closure of aroad
makes snow removal impossible, the magnitude of snow loads may ex-
ceed those from vehicle live loads (Figure 6-20). Loads also may be
notable when plowed snow is stockpiled or otherwise allowed to accumu-
late. The applicability and magnitude of snow loads are |eft to designer
judgment.
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Figure 6-20. - Equivalent snow load required to produce the same moment as one truck load.

Snow loads vary from year to year and depend on the depth and density of
snow pack. The depth used for design should be based on a mean recur-
rence interval or the maximum recorded depth. Density is based on the
degree of compaction. The lightest accumulation is produced by fresh
snow falling at cold temperatures. Density increases when the snow pack
IS subjected to freeze-thaw cycles or rain. Probable densities for several
snow pack conditions are as follows:”

Condition of snow pack  Probable density (Ib/ft))

Freshly fallen 6
Accumulated 19
Compacted 31
Rain on snow 31

Estimated snow load can be determined from historical records or other
reliable data. General information on ground snow loads is available from
the National Weather Service, from State and local agencies, and in

ANSI A58.1."Snow loads in mountainous areas are subject to extreme
variations, and determining the extent of these loads should be based on
local experience or records, rather than generalized information.

The effect of snow loads on a bridge structure is influenced by the pattern
of snow accumulation. Windblown snow drifts may produce unbalanced
loads considerably greater than those from uniformly distributed loads.
Drifting is influenced by the terrain, structure shape, and other features
that cause changes in the general wind flow. Bridge components, such as

railling, can serve to contain drifting snow and cause large accumulations
to develop.
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6.10 THERMAL FORCE

6.11 UPLIFT

Thermal forces develop in bridge members that are restrained from move-
ment and are subjected to temperature change. The magnitude of the
thermal force depends on the member length, the degree of temperature
change, and the coefficient of thermal expansion for the material. Like
other solid materials, timber expands when heated and contracts when
cooled; however, the thermal expansion for timber is only one-tenth to
one-third that for other common construction materials (Chapter 3). As a
result, thermal forces can be induced at connections or other locations
where timber is used in conjunction with other materials that are more
sensitive to temperature. In most bridge applications, thermal forcesin
timber members are insignificant and are commonly ignored. When
members are very long, are subjected to extreme temperature changes, or
are used in conjunction with other materials, consideration of thermal
forces and/or provisions for expansion and contraction are |eft to the
judgment of the designer.

Uplift is an upward vertical reaction produced at the supports of
continuous-span superstructures. It develops under certain combinations
of bridge configuration and loading that generate forces acting to lift the
superstructure from the substructure. Uplift forces may develop in
continuous-span timber bridges where short spans are adjacent to longer
spans (Figure 6-21).

Uplift forces are transmitted from the superstructure to the substructure by
anchor bolts or tension ties at the bearings. The strength of the connections
and the mass or anchorage of the substructure must be sufficient to resist
these forces. AASHTO specifications require that the calculated uplift at
any support be resisted by members designed for the largest force obtained
under the following two conditions (AASHTO 3.17.1):

Approximats
elastic curve

________ ———= Uplifl is produced
1 at the end

reaction ¢ the
2 2 short end span

Figure 6-21. - Uplift force on a continuous-span superstructure.
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6.12 EARTH PRESSURE

1. 100 percent of the calculated uplift caused by any loading or
loading combination in which the vehicle live load (including
impact, when applicable) is increased by 100 percent

2. 150 percent of the computed uplift at working load level from any
applicable loading combination

The alowable stress in anchor bolts in tension or other elements of
the structure stressed under these conditions may be increased by
150 percent.

Earth pressure is the lateral pressure generated by fill material acting on a
retaining structure. In bridge design, it is most applicable in the design of
substructures, primarily abutments and retaining walls (Figure 6-22).
Earth pressures also may be transmitted to the superstructure when back-
walls or endwalls are directly supported by superstructure ends; however,
in most design applications, earth pressure is significant in substructure
design only.

The magnitude of earth pressure depends on the physical properties of the
soil, the interaction at the soil-structure interface, and the deformations in
the soil-structure system. For routine bridge design, active earth pressures
are generally computed using Rankine's formula, a somewhat simplified
procedure employing an equivalent fluid pressure. The fill material is
assumed to act as afluid of known weight, and the forces acting on the
structure are computed from the triangular distribution of fluid pressure
(Figure 6-23 A). AASHTO specifications require that a minimum
equivalent fluid weight of 30 Ib/ft’be used for retaining structures
(AASHTO 3.20.1). In practice, an equivalent fluid weight of 35 or

36 Ib/ft’is more commonly used (sandy backfill with a unit weight of
approximately 120 Ib/ft’). These fluid weights assume that fill material is
free draining and that no significant hydrostatic forces exist. When hydro-
static forces may be generated, the equivalent fluid weight must be in-
creased.

The earth pressure acting on a retaining structure is increased when ve-
hicle live loads occur in the vicinity of the structure. When vehicle traffic
can come within a horizontal distance from the top of aretaining structure
equal to one-half its height, a live load surcharge of 2 feet of fill is added
to compensate for vehicle loads (AASHTO 3.20.3). The resulting load
distribution on the structure is trapezoidal (Figure 6-23 B). This additional
load is not required when a reinforced concrete approach slab supported at
one end by the bridge is provided.

Earth pressures can vary significantly, based on soil conditions at the site
and the type and complexity of the structure. In some cases, a more
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Figure 6-22. - Bulging in an abutment retaining wall caused by earth pressure.
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Figure 6-23. - Distribution of earth pressure on retaining structures.
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6.13 BUOYANCY

sophisticated analysis than that required in AASHTO is warranted. Refer-
ences listed at the end of this chapter provide more detailed information on
the application of soil mechanics to the design of abutments and retaining
walls.””

Buoyancy is the resultant of the upward surface forces acting on a sub-
merged body (Figure 6-24). It is considered in bridge design when a
portion of the structure is submerged or is located below the water table.
Buoyancy is equal in magnitude to the weight of fluid displaced, or

62.4 |b/ft'for water. Its effect is to reduce the weight of the substructure,
which may result in smaller footing or pier sizes and a more economical
design; however, buoyancy also reduces the ahility of the substructure

to resist uplift from vertical or lateral (overturning) loads. When com-
bined with significant longitudinal or transverse moments, the effects of
buoyancy could result in alarger footing. In either case, buoyancy is most
significant in the design of massive footings or piers where dead load is a
considerable percentage of the total load. In most timber bridge applica
tions, the ratio of dead load to live load is small, and the effects of buoy-
ancy are generaly of little or no significance.

T M S NN ™ Water ||nﬂ‘
B

1 Mud ling

+7 Foundation atructure

The buoyancy force (B) is an upward vertical force equal
in magnitude to the volume of the structure below the
water line times the unit weight of water (62.4 Ib/ft’)

Figure 6-24. - Buoyancy forces on a submerged substructure.
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6.14 STREAM CURRENT

Stream currents produce forces acting on piers, bents, and other portions
of the structure located in moving water. These forces produce pressure
against the submerged structure and are computed as a function of stream
velocity (AASHTO 3.18.1) as

P=KV (6-5)
where P = stream flow pressure (Ib/ft"),
V = water velocity (ft /sec), and

K = a constant for the shape of the pier (1-3/8 for square
ends, 1/2 for angle ends where the angle is 30°or less,
2/3 for round ends).

The stream flow pressure computed by Equation 6-5 is applied to the area
of the substructure over the estimated stream depth (Figure 6-25). Al-
though stream velocity varies with depth, a constant velocity for the full
depth provides sufficiently accurate results. The pressures act to slide or
overturn the structure and are most significant on large piers or bents
located in deep, fast-moving streams or rivers.

Forces associated with streams depend on a number of factors that must be
thoroughly investigated for each site. In general, hydraulic parameters for
flow velocity and depth are based on the 50- or [00-year occurrence
interval. For many streams, flow records and other data have been estab-
lished to provide this information. When such data are not available,
estimated flow should be based on local experience or the best judgment
of the designer.

P I T R R S
Stream level
Stream flow pressure
by Equation 6.5

Substnucture /

wat—————— Flow direclion

Streambed

Figure 6-25. - Application of stream flow pressure on a submerged substructure.
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6.15 ICE FORCE

In areas of cold climate, substructures located in streams or other bodies of
water may be subjected to ice forces. These forces result from (1) the
dynamic force of floating ice sheets and floes striking the structure; (2) the
static ice pressure from therma movement of continuous ice sheets on
large bodies of water; (3) the static pressure produced by ice jams forming
against the structure; and (4) the static vertical forces caused by fluctuat-
ing water levels when piers are frozen into ice sheets.

Ice forces are difficult to predict and depend on a number of factors
including the thickness, strength, and movement of ice, as well as the
configuration of the structure. AASHTO specifications give guidelines for
computing dynamic ice forces on piers (AASHTO 3.18.2); however,
definitive recommendations for static forces are not practical because of
variationsin local conditions. When ice formation is possible, potential
forces should be determined by specialists using field investigations, pub-
lished records, past experience, and other appropriate means. Considera-
tion should be given to the probability of extreme rather than average con-
ditions. Additional information on ice forcesis given in AASHTO and
references listed at the end of this chapter.””

6.16 SIDEWALK LIVE LOAD

Sidewalks are provided on vehicle bridges to allow concurrent use of the
structure by pedestrians, bicycles, and other nonhighway traffic. Side-
walks are subjected to moving live loads that vary in magnitude and
position, just as do vehicle live loads. For design purposes, AASHTO
gives sidewalk live loads as uniformly distributed static loads that are
applied verticaly to the sidewalk area (Figure 6-26). The magnitude of
the load depends on the component of the structure and the length of
sidewalk it supports. When a member supports a long section of sidewalk,
the probability of maximum loading along the entire length is reduced. As
aresult, loads vary and are based on the type of member and sidewalk
span (AASHTO 3.14.2).

Sidewalk floors, floorbeams (longitudinal or transverse), and their imme-
diate supports are designed for alive load of 85 Ib/ft’of sidewalk area.
Loads on longitudinal beams, arches, and other main members supporting
the sidewalk are based on the sidewalk span:

Span length Sidewalk load
Up to 25 ft 85 Ib/ft’
25 ft to 100 ft 60 Ib/ft’
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6.17 CURB LOADS

Sidawalk kads are applied as uniformly
distributed lnads acting over the exposed

sidewalk area. \ :
i |

| N O o

width

Figure 6-26. - Application of side walk loads.

When the span length exceeds 100 feet, the design live load is determined
as

3000 55-W
P= z 2 -
(3n+ oy = J < 60 Iv/ft (6-6)
where P = load per square foot of sidewalk area (Ib/ft?),

L = loaded length of sidewalk (ft), and
W= sdewak width (ft).

It should be noted that sidewalk loads given in AASHTO are intended for
conditions where loading is primarily pedestrian and bicycle traffic. If
sidewalks will be used by maintenance vehicles, horses, or other heavier
loads, the designer should increase the design loading accordingly.

Sidewalk loads are distributed to structural components in a manner
similar to dead load. The load supported by any member is computed

from the tributary area of sidewalk it supports. If bridges have cantilevered
sidewalks on both sides, one or both sides should be fully loaded,
whichever produces the maximum stress. In cases where the maximum
design load in an outside longitudinal beam results from a combination of
dead load, sidewalk live load, and vehicle live load, AASHTO alows a
25-percent increase in alowable design stresses, provided the beam is

of no less carrying capacity than would be required if there were no
sidewalks (AASHTO Table 3.22.1A).

Curbs are provided on bridges to guide the movement of vehicle wheels
and protect elements of the structure from wheel impact. When traffic
railing is provided, curbs may be included as a part of the rail system and
are frequently used to connect rail posts to the deck. On low-volume roads
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with relatively slow design speeds, barrier curbs are sometimes used
instead of traffic railing to delineate the roadway edge and inhibit slow-
moving vehicles from leaving the structure (Figure 6-27). In both cases,

curb loading is from vehicle impact applied either directly to the curb or
through the rail system.

AASHTO specifications give curb loading requirements based on the
interaction of the curb and traffic railing (AASHTO 3.14.2). When curbs
are used without railing, or are not an integral part of atraffic railing
system, the minimum design load consists of a transverse line load of

500 Ib/lin ft of curb applied at the top of the curb, or at an elevation

10 inches above the floor if the curb is higher than 10 inches (Figure 6-28).
When curbs are connected with traffic railing to form an integral system,

the design loads applied to the curb are those produced by the railing loads
(see Chapter 10).

Figure 6-27—Barrier curbs on a timber bridge. Such curbs are sometimes used instead of
railing on single-lane, low-volume bridges.
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6.18 OTHER LOADS

Top of curb or 10° for curbs
meore than 107 high

Figure 6-28 - Application of curb loads when the curb is not integral with
the vehicular railing system.

In addition to the minimum AASHTO load requirements discussed in this
chapter, timber bridges may be subjected to other loads during construc-
tion and in service. Consideration should be given to loads resulting from
transportation, handling, and erection, especialy when long, slender
beams or columns are considered. Because these loads are difficult to
quantify, they are left to the judgment of the designer and must be based
on specific information for each project.

6.19 LOAD COMBINATIONS

Timber bridges may be subjected to any of the loads and forces previously
discussed. In practice, these loads seldom act individually, but normally
occur as a combination of loads acting simultaneously. The designer must
determine which loads are applicable to the design of a structure and the
combination of loads that produce the maximum stress in each bridge
component.

Load combinations for bridge design are based on load groups given in
AASHTO (AASHTO 3.22) for service-load design (load-factor design is
currently not applicable for timber). These load groups consist of a num-
ber of individual loads that are assumed to act simultaneously on a particu-
lar bridge component. Each load group is computed using the following
equation and the load group numbers and factors given in Table 6-4:
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GROUP(N )= y[A (D) + B, (L+ 1)+ B {CF)+ B.(E)+ fp(B)

(6-7)

+ B, (SF) + B, (W) +5,, (WL) +B(LEY+ B,(R+8+T)

+ B (EQ) + B,,(ICE)]

‘é—
E
Z

= load group number,

= |oad factor from Table 6-4,

= |oad coefficient from Table 6-4,
= dead load,

= vehicle live load,

earth pressure,

buoyancy,

wind load on the structure,

wind load acting on the vehicle live load,
longitudinal force from vehicle live load,
centrifugal force,

rib shortening,

= shrinkage,

= temperature,

EQ = earthquake force,

SF = stream flow pressure, and

ICE= ice pressure.

—lmpuqn_jggfmmHt":ru-ﬂ
I

vehicle live load impact (not applicable to timber),

Table 6-4. - AASHTO load group coefficients for service load design of timber bridges.

1 2 3 IA q 5 6 T ] ] 1 11 12 13 14
Group A factors
M y O (Lal {LaD, CF E B SF W WL LF R+S+«T EG KE %
TR 1 51 B, 1 1 0 D 7 0 50 100
A 10 1 2 0 0 0 B 0 0 D 0 0 b 6 150
B 10 1 0 1 1 A 1 1 ¢ 0 fi 0 ! g —F
R g 0 0 1 1 1 1 0 o 0 0 0 125
moon 1 01 8 1 1 03 1 1 0 Q0 1%
N0 1 1 o 1 £ 1 0 0 o 1 0 D 125
TR 2 o0 1 1 1 1 0 0 1 6 0 140
oot 1 1 9 1 B 1 1 03 1 11 0 0 140
i 10 b b0 ! 1 1 0 0 0 0 1 0 113
v 18 1 1 "R 1 1 1 0 0 a0 9 1 14D
K10 0 0 0 1 1 1 1 0 o 0 8 1 150
X 10 9 ¥ 0 0 B, © D 0 0 o D 6 0 100 Culver

T Porcantage of allowable uni siress used ko design. No increase is permitied for membes of connections camrying wind loads only.
b parcantage = Maximum unil sress {opatating rating} x 100 = 133% for fmber bridges.
Allowvable unit slness
{L +1), =Live load plus impact for AASHTOH or HS Foading.
L+ IJP= Live kad plus impact consistent with te overload criteria ol Ihe operaling agency.
B, = 10:and 0.5 lor lateral loards on rigid frames {chack both lo see which govems).
B = 1.0for vertical and Lateral keads on al ofher struclures,
From AASHTO! Table 322 1A © 1983, Used by pamission.
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For service load design, the load factor for all load groupsis 1.0 and the
requirements of Equation 6-7 can by read directly from values specified in
Table 6-4. The relative magnitude of each load within a group is deter-
mined by the 3 factor in columns 2 through 13. When the [3 factor for an
individual load is zero, that load is not considered in the load group. For
example, Load Group |11 consists of the dead load, vehicle live load,
centrifugal force, earth pressure (factored by the applicable beta factor),
buoyancy, stream force, 30 percent of the wind load on the structure, wind
load on the vehicle live load, and the longitudinal force. Although each of
these loads is assumed to act simultaneously in the load group, the appli-
cability of any load for a specific structure is left to the judgment of the
designer. If an individual load is not applicable, the B factor for that load is
zero, regardless of the B factor given in Table 6-4.

The concept of load groups is based on the assumption that a number of
loads willoccur simultaneously on the structure. To compensate for the
small probability that all loads will act together at their maximum intensi-
ties, an increase in allowable design stresses is permitted for most groups.
These increases are based on the premise that the possibility of all loads
acting at the same time is small enough to justify a reduction in the factor
of safety. Percentages of allowable stresses for each load group are given
in column 14 of Table 6-4, with the following two exceptions:

1. When a member loaded in any load group is subjected to wind
load only, no increase in allowable stress is permitted.

2. For overloads considered in Load Group IB, the design stresses
are a percentage of allowable stresses computed as the ratio of the
maximum unit stress allowed at the operating rating level givenin
the AASHTO Manual for Maintenance Inspection of Bridges'and
the allowable unit stress. For timber components, this ratio is
133 percent.

For timber bridges, increases in alowable stresses for load groups are
cumulative, with modifiers for duration of load. Because duration of load
adjustments reflect the material properties of timber, they should not be
confused with increases based on load probability. The total increase in
alowable unit stress for timber components is that given for the load
group plus the applicable factor for duration of load discussed in

Chapter 5.

Each component of a bridge superstructure and substructure must be
proportioned to safely withstand all load group combinations that are
applicable to the structure. Different load groups will control the design of
different parts of the structure. Load Groups I, I1, and 111 are most appli-
cable for bridge superstructures and substructures; Load Groups 1V, V,
and VI are for arches and frames; and Load Groups VII, VIII, and IX are
for substructures. Load Group X isfor culvert design only and is not used
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for bridges. To determine the controlling load groups, the designer must
determine which individual loads are applicable and compute magnitudes
and effects of these loads; however, it is not necessary to investigate all
group loads for al bridges. In most cases, it is evident by inspection that
only afew loadings are likely to control the design of any single type of
structure or component. In general, the following three load groups are
most applicable for timber bridges:

Superstructures. Load Group |; Load Group 1B when overloads are
considered

Abutments. Load Groups | and I11; Load Group 1B when overloads are
considered; Load Group VII when earthquake loads are applicable

Piers: Load Groups I, II, and I11; Load Group IB when overloads are
considered; Load Group VIII when ice loads are applicable
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