SECTION 14: JOINTS AND BEARINGS
CALIFORNIA AMENDMENTS 70 AASHTO LRFD BRIDGE DSt SPECIFICATIONS — FOURTH EDITION 14-1A

14.1 SCOPE
This Section contains requirements for the design and
selection of structural bearings and deck joints.
Units used in this Section shall be taken as kip, in.,
rad., °F, and Shore Hardness, unless otherwise noted.
14.2 DEFINITIONS
Bearing—A structural device that transmits loads while facilitating transtation and/or rotation.

Bearing Joint—A deck joint provided at bearings and other deck supports to facilitate horizontal translation and rotation of
abutting structural elements. It may or may not provide for differential vertical translation of these ¢lements.

Bronze Bearing—A bearing in which displacements or rotations take place by the sliding of a bronze surface againsta
inating surface.

Cotton-Duck-Reinforced Pad (CDP)—A pad made from closely spaced layers of elastomer and cotton-duck, honded
together during vulcanization.

Closed Joint—A deck joint designed to prevent the passage of debris through the joint and to safeguard pedestrian and
cycle traffic.

Compression Seal—A preformed elastomeric device that is precompressed in the gap of a joint with expected total range of
movement less than 2.0 in.

Construction Joint—A temporary joint used to permit sequential construction.

Cycle-Control Joint—A transverse approach slab joint designed to permit longitudinal cycling of integral bridges and
attached approach slabs.

Damper—A device that trensfers and reduces forces between superstructure elements and/or superstructure and
substructure elements, while permitting thermal movements. The device provides damping by dissipating energy under
seismic, braking, or other dynamic loads,

Deck Joint—A structural discontinuity between two elements, at least one of which is a deck element. It is designed fo
permit relative translation and/or rotation of abutting structural elements.

Disc Bearing—A bearing that accommodates rotation hy deformation of'a single elastomeric disc molded from a urethane

compound. It may be movahle, guided, unguided, or fixed. Movement is accommodated by sliding of polished stainless
steel on PFTE.

Double Cylindrical Bearing—A bearing made from two cylindrical bearings placed on top of each other with their axes at
right angles te facilitate rotation about any horizontal axis,

Fiberglass-Reinforced Pad {FGP)—A pad made from discrete layers of elastomer and woven fiberglass bonded together
during vulcanization.

Fixed Bearing—A hearing that prevents differential longitudinal translation of abutting structural elements. it may or may
not provide for differential lateral translation or rotation.

Integral Bridge—A bridge without deck joints.

Jeint—A structural discontinuity between two clements. The strustural meimbers used to frame or form the discontinuity.
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SECTION 14: JOINTS AND BEARINGS
CALIFORNIA AMENDMENTS 70 AASHTO LRED BRIDGE DESIGN SPECIFICATIONS ~ FOURTH EDITION 14-2A

Joint Seal—A poured or preformed elastomeric device designed to prevent moisture and debris from penetrating joints.

Knuckle Bearing—A bearing in which a concave metal surface rocks on & convex metal surface to provide rotation
capability about any borizontal axis.

Longitudinal—Parallel with the main span direction of a structure,

Longitudinal Joint—A joint parallel to the span direction of a structure provided to separate a deck or superstructure into
two independent structural systems.

Metal Rocker or Roller Bearing—A bearing that carries vertical load by direct contact between two metal surfaces and that
accommodates movement by rocking or rolling of one surface with respect to the other.

Modular Bridge Joint System (MBJS)}—A sealed joint with two or more elastomeric seals held in place by edgebeams that
are anchored to the structural elements (deck, abutment, etc.) end one or more transverse centerbeams that ere parallel to
the edgebeams. Typically used for movement ranges greater than 4.0 in.

Movable Bearing—A bearing that facilitates differential horizontal translation of abutting structural elements in a
longitudinal and/or lateral direction. It may or may not provide for rotation.

Multirotational Bearing—A bearing consisting of a rotational element of the pot type, disc type, or spherical type when
used as a fixed bearing and that may, in addition, have sliding surfaces to accommodate translation when used as an
expansion bearing, Translation may be constrained to a specified direction by guide bars.

Neutral Point—The point about which ali of the cyclic volumetric changes of a structure take place.

Open Joint—A joint designed to permit the passage of water and debris through the joint,

Plain Elastomeric Pad (PEP)}—A pad made exclusively of elastorer, which provides limited translation and rotation.

Polytetrafluorethylene (PTFE)}—Also kmown as Teflon.

Pot Bearing—A bearing that carries vertical load by compression of an elastomeric disc confined in & steel cylinder and
that accomrmodates rotation by deformation of the disc.

Poured Seal—A seal made from a material that remains flexible (asphaltic, polymeric, or other), which is poured into the
gap of a joint and is expected to adhere to the sides of the gap. Typically used only when expected total range of movement
is less than 1.5 in,

PTFE Sliding Bearing—A bearing that carmes vertical lozd through contact stresses between a PTFE sheet or woven fabric
and its mating surface, and that permits movements by sliding of the PTFE over the mating surface.

Relief Joint—A deck joint, usually transverse, that is designed to minimize either unintended composite action or the effect
of differential horizontal movement between a deck and its supporting structural system.

Restrainers—A system of high-strength cables or tods that transfers forces between superstructure elements and/or
superstructure and substructure elements under seismic or other dynermic loads afier an initial slack 1s taken up, while
permitting thenmal movements.

Root Mean Square—BRMS

Rotation about the Longitudinal Axis—Rotation about an axis parallel to the main spao direction of the bridge.

Rotation about the Transverse Axis—Rotation about an axis parallel to the transverse axis of the hridge.

Sealed Joint—A joint provided with z joint seal.
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Shock Transmission Unit (STU) —A device that provides a temporary rigid link between superstructure elernents and/or
superstructure and substructure elements under seismic, breking, or other dynamic loads, while permitting thermal
mavements.

Single-Support-Bar System (SSB}—A MBJS designed so that only one support bar is connected to all of the centerbeams.
The centerbeam/support bar connection typically consists of & yoke through which the support bar slides.

Sliding Bearing—A bearing that accommodates movement by translation of one surface relative to another.
Steel-Reinforced Elastomeric Bearing—A bearing made from alfernate laminates of steel and elastomer bonded together
during vulcanization. Vertical loads are carried by compression of the elastomer. Movements parallel to the reinforcing
layers and rotations are accommodated by deformation of the elastomer.

Strip Seal--A sealed joint with an extruded elastomeric seal retained by edgebeams that are anchored to the structural
elements (deck, abutment, etc). Typically used for expected total movement ranges from 1.5 to 4.0 in., although single
seals capable of spanning a 5.0 in. gap are also available.

Translation—Horizontal movement of the bridge in the longitudinal or transverse direction.

Transverse—Tbe horizontal direction normal to the longitudinal exis of the bridge.

Waterprogfed Joints—Qpen or closed joints that have been proﬁded with some form of wough below the joint to contain
and conduct deck discharge away from the structure.

Welded Multiple-Support-Bar System (WMSB)—A MBIS designed so that each support bar is welded to only one
centerbeam. Although some larger WHISB systems have been built and are performing well, WMSB systems are typically
impractical for more than nine seals or for movement ranges larger than 27.0 in.

143 NOTATION

4 = plan erea of ¢lastomeric element or bearing (in.%) (14.6.3.1)

Awme = area of weld at the bottom (in.%) (14.5.6.9.7b)

Apaw = minimum cross-sectional area of weld (in.%) (14.5.6.9.7b)

Awop = areaof weld at the top (in?) (14.5.6.9.7h)

der = creep deflection divided by initial dead load deflection (14.7.5.3.3)

c = minimum verfical clearance between rotating and nonrotating parts: design clearance between piston and pot

(in.) (C14.73.1) (14.74.7)

D = diameter of the projection of the loaded surface of the bearing in the horizontal plane (in.); diameter of pad
(in.} (14.7.3.2) (14.7.5.1) (14.7.5.3.5) (14.7.6.3.5b) (14.7.6.3.5d) (14.7.6.3.6)

Dy = diameter of the disc element (in.) (14.7.8.1) (14.7.8.5)

Dp = intemal diameter of pot {in.) (14.7.4.3) (14.7.4.6) (14.7.4.7)

Dy = diameter of the rocker or roHer surface (in.) (14.7.1.4)

D, = diameter of the mating surface, positive if the curvatures have the same sign, infinite if the mating surface is
flat (in.) (14.7.1.4)

d = diameter of rocker or roller (in.}; the diameter of the hole or holes in the bearing {in.) (C14.7.1.4) (C14.7.5.1)

dy = depth of the centerbeam (in.) (14.5.6.9.7b)

dyp depth of the support bar (in.) (14.5.6.9.7b)

i n

E. effecuve modulus of elastomeric bearing in compression (ksi); vniaxial compressive stiffness of the CDP

bearing pad. It mey be taken as 30 ksi in liew of pad spegcific test data (ksi) (14.6.3.2) (14.7.6.3.31(14.7.6.3.5¢)
Young's modulus for steel (ksi) (14.7.1.4)

specified minimum yield strength of the weakest stecl at the contact surface (ksi);_yield strenpth of steel
(ksiY; vield strenpth of steel reinforcement (ksi) (14.7.1.4) (14.7.4.6)(14.7.4.7) (14.7.5.3.7
shear modulus of the elastomer (ksi): shear moduius ofthe CDP (14.6.3.1)(C14.6.3.2)(14.7.5.2Y (14.7.5.3.2)

§on

it

latcra! load trdnsmmed to the superstructure and substructure by beanngs From applicable strength and
extreme event load combinations in Table 3.4.1-1 {(kip} (14.6.3.1}

E: Q
n
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SECTION 14: JOTNTS AND BEARINGS
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horizontal load from applicable service load combinations in Table 3.4.1-1 (kip) {14.7.3.3)
lateral Ioad from appllcable strength and extreme event load combmat:ons in Table 3.4.1-1 (kip) (14.7.4.7)

PEFYR K

]

2

(2"
A =

Spz

Sﬂ’bol
Sll"mid
S Wiop

Sxeh
S.Xsb

B nn nonjy

LI |

oy

LI 1 S | I [ [

Ikl

L]

n§on

(I |

pot cawty depth (in.) (C14 7. 4 3)

vertical clearance between top of piston and top of pot wall (in.) (C14.7.4.3)

depth of elastomeric disc (in.) (14.7.4.3)

thickness of ith elastorneric layer (in.) (14.7.5.1)(14.7.5.3.3){14.7.5.3.5)(14.7.6.3.31(14.7.6.3.5

total elastomer thickness {in.); smaller of totsl elastomer or bearing thickness (in.) (14.6.3.1) {14. 6 3 2}

{14.7.5.3.4) (14.7.6.3.4) (14.7.6.3.5b}
thickness of steel reinforcement (in.) (14.7.5.3.7)

height of the weld (in.); height from top of rim to underside of piston (in.) (14.5.6.9.7b) (C14.7.4.3) (14.7.4.7}

‘moment of inertia of plan shage of bearing (in.*) (14.6.3.2)

tational stiffness of CDP (kip-in./rad.} (C14.6.

projected length of the sliding surface perpendicular to the rotetion axis (in.); length of a rectangular
torneric bearing (parafle] to longitadinal bridge axis) (in.Y; len f'a CDP bearing pad in the plane of

rotatlgn! in) (14.7.3.3)(14.7.5.
horizontal bending moment range in the centerbeam on the mncal sectmn located at the weld toe due tg
horizontal force mnge (kip-in.) (14.5.6.9.7b)
overturning moment range from horizontal reaction force (kip-in.) (14.5.6.9.7b)
vertical bending moment range in the centerbeam on the critical section located at the weld toe due to the
vertical force range (kip-in.); component of vertical bending moment range in the support bar due to the vertical
reaction force range in the connection jocated on the critical section at the weld toe (kip-in.} (14.5.6.9.7b)
moment transmitted to the superstructure and substructure by bearings from applicable strenzth and extreme
event load combinations in Table 3.4.1-1 (kip-in.) (14.6.3.2)
medification factor (14.8.3.1)(5.7.5)
number of interior layers of elastomer (14.7.5.3.5) (14.7.6.3.5d)
compressive load at the service limit state (load factor = 1.0) due to permanent loads (kip) (14.7.3.3)
total compressive load from applicable service load combinatjons in Table 3.4.1-1 (kip) (14.7.1.4)(14.7.3.2}
compressive force from agghcable strength and axtreme event load combinations in Table 3.4.1-1 (kip}{14.6.3.1)
allowable bearing at the service timit state (kip/in.) {C14.7.14
radius of eurved sliding surface (in.) (14.6.3.2) (14.7.3.3)
horizontal reaction force range in the connection (kip) (14.5.6.9.7b)
radial distance from center of pot to object in question (e.g.. pot wall. anchor bolt, ete.} (in.) (C14.7.4.3)
vertical reaction force range in the connection (kip) (14.5.6.9.7b)

ape factor of the CD) computed based on Bg. 14.7.5.1-1 and based on total pad thickness: shape factor
of ap_individual elastomer layer; shape factor of thickest laver of an elastomeric bearing (14.6.3.2)
(C14.6.3.2) (14.7.53.2) (C14.7.5.3.3) (14,7.5.3.5) (14.7.5.3.6) (14.7.6.3.2) (14.7.6.3.59) (14.7.6.3.5d)

hape factor of the ith layer of an elastomeric bearing (14.7.5.1

combined bending stress range jn the centerbeam (ksi); bending stress range in the support bar due to maxinmum
moment including moment from vertical reaction and overturning at the connection (ksi} (14.5.6.9.7b)
verticel stress range in the top of the centerbeam-to-support-bar weld from the concurrent reaction of the

support beam (ksi); vertical stress range in the bottom of the centerbeam-to-support-bar weld from the
vertical and horizontal reaction force ranges in the connection (ksi) {14.5.6.9.7b)

section modulus of the weld at the bottom for bending in the direction of the support bar axis {in.%)
(14.5.6.9.7b)

section modulus of the weld at the most narrow cross-section for bending in the direction normal to the
centerbeam axis (in.%) (14.5.6.9.7b)

section modulus of the weld at the top for bending in the direction normal to the centerbeam axis (in.*)
(14.5.6.9.7b)

vertical scction modulus to the bottom of the centerbeam {in.%) (14.5.6.9.7b)

vertical section modulus of the support bar to the top of the support bar {in.*) {14.5.6.9.7b)

horizontal section modulus of the centerbeam (in.*) (14.5.6.9.7b)

pot base thickness (in.) (14.7.4.6) (14.7.4.7)

total thickness of CDP pad (in.) {14.6.3.2) (14.7.6.3.5¢)

pot wall thickness (in.} (14.7.4.6) (14.7.4.7)
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roadway surface gap in & transverse deck joint, measured in the direction of travel at the extreme movemnent
determined using the appropriate strength load combination specified in Table 3.4.1-1 (in.); width of the
bearing (in.); length of cylinder (in. )@MM&M@MMMME&
transverse direction (in.) (14.5.3.2) (14.7.1.4) (14.7.3.2) (14.7.3.3 7. 1.

(14.7.6.3.5d) (14.7.6.3.6}

height of piston rim (in.) (14.7.4.7)

angle between the vertical and resultant applied load (rad.) (14.7.3.3)

constant amplitude fatigue threshold taken from Table 6.6.1.2.5-3 for the detail category of interest (ksi);
constant amplitude fatigue threshold for Category A as specified in Article 6.6 (14.5.6.9.7a) (14.7.5.3.7)
force effect des:gg_ hve load stress range due to the sxmultaneous appllcatlon of vertical and horizontal axle

specified in Article 14.5.6.9, 7 (kSl) (14.5.6.9.7a) (14.5.6.9. Tb)
maximum horizontal displacement of the bridge superstructure at the service limit state (in.) (14.7.5.3.4)
maximum total shear deformation of the elastomer from applicable service load combinations in
Table 34.1-1 (in.); maximum fotal shear deformation of the bearing from applicable service load
combinations in Table 3.4.1-1 (in.) (14.7.5.3.4) (14.7.6.3.4)
design thermal moverment range computed in accordance with Article 3.12.2 (in.1{14.7.5.3.4
shear deformation from applicable strength and extreme event load cornbinations in Table 3.4.1-1 (in.}(14.6.3.1)
instantaneous compressive deflection (in.) {14.7.5.3.3)
initial dead load compressive deflection (in.) (14.7.5.3.3)
inslantaneous live load compressive deflection (in.} (14.7.5.3.3)
long term dead load compressive deflection of bearing (in.} (14.7.5.3.3)
vertical deflection from applicable strength load combinations in Table 3.4.1-1 (in.) (C14.7.4.3)
compressive strain in an elastomer layer (C14.7.5.3.3)
maxijpum vniaxial strain due fo compression under total load from applicable serviee load
combinations in Table 3.4.1-1 (14.7.6.3.5¢)
initial dead load compressive stram in /th elastomer layer (14.7,5.3.3)
instantaneous live load compressive strain in ith elastomer layer (14.7.5.3.3)
average compressive sirain due to total load from applicable service load combinations in Table 3.4.1-1
{147.63.3)
maximum_uniexial strain due to combined compression and rotation fiom applicable service load
combinations in Table 3.4.1-1 (14.7.6.3.5¢)
compressive deflection of bearing due to factored loads (in.) (C14.7.4.3)
instantaneous compressive strain in ith elastomer layer of a laminated bearing (14.7.5.3.3)
maximum rotation of the CDP pad at the service limit state (load factor = 1.0} due to live load (rad)
(14.7.6.3.5¢c)
maximum service limit state rotation due to total load for bearines unlikely to experience hard contact
between metal components (rad.): maximpm service limit state design rotation angle specified in
Article 14.4.2.1 (rad.); maximurm rotation of the CDP pad frorm applicable service load combinations in Table
3.4.1-1 (rad.}; maximum service limit state design rotation angle about any axis of the pad specified in
Article 14.4.2.1 (rad.) (C14.4.2) (14.4.2.1} (14.6.3.2
maxism service limit state design rotation angle pecxﬁed m Amcle 14 4 2 about transverse axis (rad.)
(14.7.6.3.5b) (14.7.6.3.5d)
maximum service limit state design rotation angle specified in Article 14.4.2.1 about longitudinal axis (rad.)
{14.7.6,3.5b) (14.7.6.3.5d}
maximum strength limit state rotation for bearings that may experience hard comtact between mefal
components (rad.); maximmm strength limit gtate rotation for bearings which are less likely to experience
hard contact between metal components (rad.); design rotation from applicable strength load combinations in
Table 3.4.1-1 or Article 14.4. 2 2.1 {rad.); max1murn strength limit state design rotatJon angle specified in

[radl(Cl442)(l4422l){'144222]fC14?31](14733)(14743)(14747)(14?8ll

coefficient of friction; coefficient of friction of the PTFE slider{14.6.3.1) (C14.7.8.4)

instantaneous five load compressive stress or dead load compressive stress in an individual elastomer layer

(ksi) (C14.7.5.3.3)

average compressive stress at the service limit state (load factor = 1.0) due to five load (ksi} {(14.7.5.3.2)
14753147632

December 2008


http:14.7.6.3.5d
http:04.7.6.3.5b
http:14.7.6.3.5d
http:04.7.6.3.5b
http:14.7.6.3.5d
http:14.7.6.3.5c
http:04.7.6.3.5b
http:04.7.6.3.5c
http:14.7.6.3.5c
http:04.7.6.3.5c
http:14.5.6.9.7b
http:14.5.6.9.7a
http:14.5.6.9.7b
http:14.5.6.9.7a
http:04.7.6.3.5d
http:04.7.6.3.5b

SECTION 14: JOINTS AND BEARINGS
CALIFORNIA AMENDMENTS T0 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS — FoURTH EDITION 14-4.2A

o, = average compressive stress due to total Joad from applicable service load combinations in Table 3.4.1-1 (ksi);
average comgr_e&swe stress due to total 1oad gsoclated with the maximum rotation fmm applicabla servic

dss = maximum average contact stress at the service Ilrmt state penmtted on PTFE hy Table 14.7.2.4-1 or on
bronze by Table 14.7.7.3-1 (ksi) (14.7.3.2) (14.7.3.3)
b =~ resistance factor (14.6.1) (14.7.3. 21 (C14.74.7)
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Diersion resistance factor for tension for anchors govemned by the steef (14.5.6.9.6)

resistance factor for shear for anchors governed by the steel (14.5.6.9.6)

resistance factor for tension for anchors governed by the concreie, Condition A, supplemental reinforcement
in the failure area (14.5.6.9.6) :

resistance factor for shear for anchors governed by the concrete, Condition A, supplemental reinforcementin
the failure area (14.5.6.5.6)

resistance factor for tension for anchors governed by the concrete, Condition B. no supplemental

reinforcement in the failure area {14.5.6.9.6)

Opuer = Iesistance factor for shear for anchors poverned by the concrete. Condition B, no supplemental reinforcement
in the failure area (14.5.6.9.6)

s = subtended semiangle of the curved surface {rad.} (14.7.3.3)

F

B
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14.3 NOTATION

g = creep deﬂectlon dmdcd by mmal dead load deﬂecuonj 14.7.5.3 Ql(—]—4—?-5—3—3—)

B, = __ dimensionless coefficient used to determine peak hydrostatic stress (14.7.5.3.3)

Ca = _parameter used to determine hvdrostatic stress (14.7.5.3.3)
D = digmeter of the projection of the loaded surface of the bearing in the horizontal plane (in.); diameter of pad

(in.); diameter of the beating (In.) (14.7.3.2) (14.7.5.1) 6475535 (14.7.6.3.5b) (14.7.6.3.5d) (14.7.6.3.6)
(14.7.5.3.3) (14.7.5.3.4)

D, dimensionless coefficient used to determine shear strain due to axial load (14.7.5.3.3)

D, dimengionless coefficient used to determine shear strain due to rotation {14.7.5.3.3)

dy dimensionless coefficient used to determine shear strain due to axial load (C14.7.5.3.3)

da dimensionless coefficient used to determine shear strain due to axial lead (C14.7.5.3.3)

dy dimensionless coefiicient used to determine shear strain due to axial load (C14.7.5.3.3)

F, specified minimum yield strength of the weakest steel at the contact surface (ksi); yield strength of steet (ksi;
yield strength of steel reinforcement (ksi) (14.7.1.4) (14.7.4.6) (14.7.4.7) {14.7.5.3.5)

G =  shesr modulus of the elastomer (ksi); shear modulus of the CDP (14.6.3.1) (C14.6.3. 2) (14 7 5.2) 453

(€14.7533) (147534 (Cl4.75.3.6) Q47536 (14.7.62) (14.7.632) (147635 (14.7.63.59
(14.7.63.4)

1

by - rlnckness of i elastommc layer (m) hickness ot' i internal elastomenc layer (in.); laver thickness for

FGP which equals the greatest distance between midpoints of two double fiberglass reinforcement lavers

(in.}; thickness of a PEP (in.); mean thickness of twe layers of elastomer bonded to the same

reinforcement for FGP when the two layers are of different thicknesses {in.) (14.7.5.1) @437533)

(-1-4—',’-5—3—531 4753ﬁl(—l—4—?—6—3—3}-&1~4—4—6—3—5&){44—7—6—-3—7—)(1475.33“147535“1476331

(14.7.6,3.5d) (14.7.6.3.7) (14.7.6.3.2) (14.7.6.3.5d) (34.7.6.3.) (14.7.6.3.7)

total elastomer thickness (in.); smaller of total elastomer or bearing thickmess (in.) (14.6.3.1) (14.6.3.2)

(14.7.5.3.2) (14.7.5.3.3) (14.7.5.3.4) (14.7.6.3.5b) (14.7.6.3.4)

thickness of steel reinforcement (in.} (14.7.5.3.5} €4753-7

rotational stiffness of CDP (kip-in./rad.); bulk modulns (ksi) (C14.6.3.2) (C14.7.5.3.3)

projected length of the sliding surface perpendiculer to the rotation axis (m ¥; plan dlmenslon of the bearing

perpendicular to the axls of rotation under consideration leasth p—rectay : z :

{generally parallel to the global longitudinal bridge axis) (in.); Iength of a CDP beanng pad in the planc of

rotation (in.) (14.7.3.3) (14.7.5.1) (14.7.5.3.3) (14.7.5.3.4) 47536 (14.7.6.3.5b) (14.7.63.5d) (14.7.6.3.6)

{14.7.6.3.5c)

= number of interior layers of elastomer (14.7.5.3.3) (14.7.5.4) (14.7.6.1) 447535 (14.7.6.3.5d)

= shape factor of the CDP pad computed based on Eq. 14.7.5.1-1 and based on total pad (hrckness shape factor of
an individual elastomer layer; shape factor of PEP shaps : : an—clastem eorip
(14.63.2) (C14.63.2) (€C14.7.53.6) CH47533) (-1-4—?4—3—2} (—1-4—74—3—5-} (-}4—7-5-3—6) (-1-4—7-6—3—7-)
(14.7.6.3.5b) 476354

5; = shape factor of the i 7~ % [ayer of an elastomeric bearing; shape factor of the i internal layer of an elastomeric

bearing: shape factor for FGP based upon an fi; laver thickness which equals the greatest distance
between midgoints of two double fiberglass reinforcement lavers (14.7.5.1) (14.7.53.3) (14.7.5.3.4)

=
3
1

Ll s
o

sy

4 = roadway surfacc gap inea transverse deck joint, measured in the direction of travel at the exireme movement
determined using the appropriate strength loed combination specified in Table 3.4.1-1 (in.}; width of the bearing
(in.); length of cylinder (in.); length of the cylindrcal surface (in.); plan dimension of the bearing parallel to
the axis of rotation under conslderation wwidth-ofthe bearing-in-the-transverse-direction (zenerally parallel to

the global transverse bridge axis) (in.) (14.5.3.2) (14.7.14) (14.7.3.2) (14.7.3.3) (14.7.5.1) (C14.7.5.3.9)

(14.7.5.3.4) 34.7.53-63 (14.7.6.3.5b) (14.7.63.5d) (14.7.6.3.6)

o = parameter used to determine hydrostatic stress (1/rad.) (14.7.5.3.3)

L = _shear strair caused by axial load (14.7.5.3.3)

Tocr = _shear strain consed by cvelic axiai load (14.7.53.3)

Yast =__ghear strain cansed by statie axlal Joad (14.7.53.3)

1 = shear strain cansed by rotation (14,7.5.3.3} December 2008
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Yrer = ghear strain caused bv rotation from cvelic loads (14.7.5.3.3)

Yrst = _shear strain caused hy rotation from static loads (14.7.5.3.3)

¥, = shear strain caused bv shear displacement (14.7.5.3.3)

b = __shear strain caused by shear disnlacement from eyclic loads (14.7.5.3.3}

Yot = _shear strain caused by shear dispiacement from statlc loads {14.7.5.3.3}

AFpy, = conslant amplitude fatigue threshold taken from Table 6.6.1.2.5-3 for the detail category of interest (ksi);
constant amplitude fatigue threshold for Category A es specified in Article 6.6 (14.5.6.9.7a) {14.7.5.3.5)

Ag = maximum horizontal displacement of the bridge superstructure at the service limit state (in) @4-F33-4
{14.7.5.3.2)

bs =  maximum total shear deformnation of the elastomer from applicable service load combinations in Table 3.4.1-1
(in.); maximum total shear deformation of the bearing from applicable service load combinations in Table 3.4.1-
1 (in.): maximum total static or cvclic shear defoermation of the elastomer from applicable service load
combinations in Table 3.4.1-1 (in.) (14,7.5.3,2) 475343 (14.7.6.3.4) {14.7.5.3.3)

A = design thermal movement range computed in accordance with Article 3.12.2 (in.) (14.7.5.3.2) 8457534

g = initial dead Ioad compressive deflection (in.} (14.7.5.3.6) G-4-+5-3-3}

L1} = instantaneous live load compresswe deflection (in.) {14.7.5.3.6) &4-153-35

By = long tenm dead load compressive deflection {in.)} {14.7.5.3.6) 84-+53-3)

£ = compressive strain in an elastomer layer (C14.7.5.3.6) ¢G14.753.33

B =__ tota] of static and cvelic average axial strain taken as positive for compression in which the eyclic
componcnt is multiplied by 1.75 from applicable service load combinations in Table 3.4.1-1 (ksf)
(14.7.5.3.3) (14.7.5.4)

g = initial dead load compressive strain in i* elastomer layer (14.7.5.3.6) £4-7-5-3-3)

Egy = instantaneous live load compressive strain in i elastomer layer (14.7.5.3.6) (4-7-5-3-3)

g, = maximum service limit state rotation due to total load for bearings unlikely to experience hard contact
between metal components (rad.); meximum service limit stete design rotetion angle specified in Aricle
14.4.2.1 (rad.); maxinum rotation of the CDP pad from applicable service load combinations in Table 3.4.1-1
(rad.); maximum service lmit state design rotation angle about any oxis of the pad specified in Article 14.4.2.1
(rad.);. maximum static or cyclic service limit state desion rotation angle of the elastomer specifled In
Article 14.4.2.1 {rad.); tota] of static and cyclic maximum service Hmit state design rotation angles of the
elastomer specified in Article 14.4.2.1 in which the cyclic component is multiplied by 1.75 (rad.) (Ci4.4.2)
(14.4.2.1) (14.6.3.2) 475359 (14.7.6.3.5¢c) (14.7.6.3.5b) (14.7.6.3.5d) (14.7.5.3.3) (14.7.5.4)

0, = maximum service limit state design rotation angle specified in Article 14.4.2.1 about transverse axis (generally
parallel to the global transverse bridge axis) (rad.) (14.7.6.3.5b) (14.7.6.3.5d)

8, = maximum service limit state design rotation angle specified in Article 14.4.2.1 about longitudinal axis
(generally paralie] to the global longitudinal bridge axis) (rad.) (14.7.6.3.5b) (14.7.6.3.5d)

A = _ compressibility index (C14.7.5.3.3

b = instentanecus live load compressive stress or dead load compressive stress in an individual elastomer layer

(ksi) (€14.7.5.3.6) (34-F:5.3-3)

Gye = _peak hydrostatic stress (ksi) (14,7.5.3.3)

o = average compressive stress at the service limit state (load factor = 1.0) due to live load (ksi) (H4-%53-2)
{14.7.5.3.5) d4F53-5 (14.7.6.3.2)

O = average compressive stress due to total load from applicable service load combinations in Table 3.4.1-1 (ksi);
average compressive stress due to total load associated with the maximum rotation from applicable service load
combinations in Table 3.4.1-1 (ksi); average compressive stress due to total static or cyclic load from
applicable service load combinations in Table 3.4.1-1 (ksi}: total of static and cvclic average compressive

stress in which the cvelic component is multiplied by 1.75 from applicable service toad combinations in
Table 3.4.1-1 (ksi) (14.7.4.6) Q453D (14.7.5.3.4) (14.7.5.3.5) (47536 (M+H539 (147.63.2)
(14.7.6.3.3) (14.7.6.3.4) (14.6.3.2) 4415355 (14.7.6.3.5h) (14.7.6.3.5¢c) (14.7.6.3.5d) (14.7.5.3.9)
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144 MOVEMENTS AND LOADS
14.4.1 General

The selection and layout of the joints and bearings
shall allow for defonnations due to temperature and
other ime-dependent causes and shall be consistent with
the proper functioning of the bridge.

Deck joints and bearings shall be designed to resist
loads and accommodate movements at the service and
strength limit states and to satisfy the requirements of
the fatigue and fracture limit state. The loads induced on
the joints, bearings, and structural members depend on
the stiffness of the individual elements and the
telerances achieved during fabrication and erection.
These influences shall be teken into account wben
calcutating design loads for the elements, No damage
due 1o joint or bearing movement shall be permitted at
the service limit state, and no irreparable damage shall
occur at the strength limit state. At the exireme event
Yimit state, bearings which are designed to act as fuses or
sustain irreparable damage may be permitted by the
owner provided loss of span is prevenied.

Translational and rotational movements of the
bridge shell be considered in the design of MBJS and
bearings. The sequence of comstruction shall be
considered, and zll cotical combinations of load and
movement shall be considered in the design. Rotations
about two horizontal axes and the vertical axis shall be
considered. The movements shall include those caused
by the loads, deformations, and displacements caused by
creep, shrinkage and {hermal effects, and inaccuracies in
installation. In all cases, both instantaneous and long-
tern effects shall be considered. The influence of
dynamic load allowance shat] be included for MBIS, but
need not be included for bearings. The most adverse
combination shall be tabulated for the bearings in a
rational form such as shown in Figure Ci.

For determining force effects in joints, bearings,
and adjacent structural elements, the influence of their
stiffnesses and the expected tolerances achieved during
fabrication and erection shall be considered.

The three.dimensional effecls of (ranslational and
rotational movements of the bridge shall be considered
" inthe design of MBJS aod bearings.

Both instantaneous and long-term effects shall be
considered in the design of joints and hearings.

The effects of curvature, skew, rotations, and
support restraint shall be recognized in the analysis.

The forces resulting from transverse or tongitudinal
prestressing of the concrete deck or steel girders shall be
considered in the design of the bearings.

Cl4.4.1

The joints and bearings sbould allow movements
due to temperature changes, creep and shrinkage, elastic
sbortening due to prestressing, traffic loading,
construction tolerances or other effects. If these
movements are restrained, larpe horizontal forces may
result, If the bridge deck is cast-in-place or_precast
concrete, the bearings at a single support should permit
{ransverse expansion and contraction. Extemally applied
transverse loads sucb as wind, earthquake, or traffic
braking forces may be carried either on a small number
of bearings near the centerline of the bridge or by an
independent guide system. The latter is likely to be
needed if the horizontal forces are larpe and fusing or
irreparable damage is not permitted.

See Article C14.6.5.3 for discussion conceming
bearings which are designed to act as fuses at the
extreme event limit state.

Distribution of vertical load among bearings may
adversely affect individual bearings. This is partcularly
critical when the girders are stiff in bending and torsion
and bearings are stff in compression, and the
construction method does not allow  minor
misalignments to be comrected.

Bridge movements arise from a number of different
causes. Simplified estimates of bridpge movements,
particularly on bridges with complex geometry, may
lead to improper estimation of the direction of moticn
and, as a result, an improper selection of the bearing or
joint system. Curved and skewed bridges have
tfrausverse as well as longitudinal movement due to
temperature effects and creep or shrinkage. Transverse
movement of the superstructure relative to the
substructure may become significant for very wide
bridges. Relatively wide curved and skewed bridges
often undergo significant diagonal thermal movement,
which introduces large iransverse moversents or large
transverse forces if the bridge is restrained apainst such
movements. Rotations coused by permissible levels of
misalignment during installation should also be
considered, and in many cases they will be larger than
the live load rotations.

The neutral axis of a girder that acts compositely
with its bridge deck is typically close to the underside of
the deck. As a result, the newtral axis of the beam apd
the center of rofation of the beanng seldom coincide.
Under these conditions, end rotation of the girder
induces either horzontal moveinents or forces at the
bottom flange or bearing level. The lacation of bearings
off the neutral axes of the pirders can alse create
horizontal forces due to elagtic shortening of the girders
when subjected to vertical loads at continuous
supports.

The failure of bridge bearings or joint seals may
ultimately lead to detcrioration or damage to thebridge.

Each beuring and MBJS should be clearly identified
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in design documents, and all requirements should be
identified Omne possible format for this information is
shown in Figure C1 for limit stateg other than extreme
event,

When integral piers or abutiments are used, the
substructure and superstructure are connected such that
additional restraints against’ superstructure rotation are
introduced.

In curved bridges, thermal stresses are minimized
when bearings are oriented such that they permit free
translation along rays from a single point. With bearings
arranged to permit such movement along these rays,
there will be no thermal forces generated when the
superstructure temperafure changes uwniformly. Any
other orientation of the bearings will induce thermal
forces into the superstructure and substrocture.
However, other considerations often make impractical
the orientation along rays from a single point.

Prestressing of the deck causes changes in lhe
vertical reactions due to the eccentricity of the forces,
which creates restoring forces. Effecls of creep and
shrinkage also should be considered.
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Bridge name or ref.

Bearing idertification mark

Number of bearings required

Seating material

Upper surface

Lower surface

Permitied average

contact pressure

(psi}

Service limit state

Upper face

Lower face

Design load

Service limit state

Vertical | max.

effects (kip) perm.
min,
Transverse
Longitudinal
Strength limit state Vertical
Transverse
Longitadinal
Translation Service | Irreversible | Transverse
limit Longitudinal
state Reversible | Transverse
Longitudinal
Strength | Irreversible { Transverse
limit Longitudinal
state Reversible | Transverse
Longitndinal
Rotation (rad.) Service | Irreversible } Transverse
limit Longitudinal

December 2008



SECTION 14: JOINTS AND BEARINGS .
C4ALIFORNIA AMENDMENTS 70 AASHTO LRFD BRINGE DESIGN SPECIFICATIONS — FOURTH EDITION

14-8A

state Reversible | Transverse
Longitudinal
Strength | Irreversible | Transverse
limit Longitudinal
state Reversible | Transverse
Maximum Upper surface Transverse
bearing Longitudinal
dimensions (in.) Lower surface Transverse
Longitudinal
Oversall height
Tolerable movement of bearing Vertical
under transient loads (in.) Transverse
Longitudinal
Permitted resistance to translation Transverse
under strength or service limit state as applicable Longitudinal
(kip}
Permitted resistance to rotation Transverse
under strength or service limit state as applicable Longitudinal
(kipAt.)
Type of attachment to structure and substructure Transverse
Longitadinal

Figure C14.4.1-1 Typical Bridge Bearing Schedule.
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14.4.2 Design Requirements

The minimum thermal movements shall be
computed from the extreme temperature specified in
Article 3.12.2 end the estimated setting temperatures.
Design loads shall be based on the load combinations
and load factors specified in Section 3.

C14.4.2

Rotations are considered at the service and strength
limit states as appropriate for different types of bearings.
Bearings must accommodate movements in addition to
supporting loads, so displacements, and in particular
rotations, are needed for design. Live load rotations are
typically less than 0.005 rad., but the total rotation due
to fabrication and setting tolerances for seats, bearings,
and pirders may be sigoificantly larger than this.
Therefore, the total design rotation is found by summing
rotations due to dead and live load and adding
allowances for profile grade effects and the tolerances
described above. Article 14.8.2 specifies when a tapered
plate sball be used if the rotation due to permanent load
at the service limit state (foad factor = 1.0) becornes
excessive. An owner may reduce the fabrication and
setting tolerance allowances if justified by a suitable
quality control plan; therefore, these tolerance limits are
stated as recommendations rather than absolute limits.

Failure of deformable components such as
elagtomeric bearings is generally governed by a pradual
deterioration under many cycles of load rather then
sudden failure under a single load epplication. Further,
the design limits for elasiomeric bearings were
originally developed under ASD service loed conditions
rather than the sirength limit state loeds considered
during development of the high load multirotational

bearing systems. Asaresulsueh-bearines-are-permitted

Unless smaller toleremces can be justified, €, for
elestomeric components is the service limit state rotation
plus 0.005 rnd.

Metal or concrete components are susceptible to
damage under a single rotation that causes metal-to-
metal contact, and so they must be designed using the
sirength limit state rotations. Unless smaller tolerances
can be justified, 8, is the strength limit state rotation plus
0.01 rad.

Disc bearings are less likely to experience metal-to-
metal contact than other High Load Multirotational
(HLMR) bearings because the load element is
unconfined. As e result, the total allowance for rotation
is comsequently smaller for a disc bearing than other
HLMR bearings; however, the proof load test, as
specified m the 4A4SHTC LRFD Bridge Construction
Specifications, assures against metal-to-metal contact,
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14.4.2.1 Elastomeric Pads and Steel Reinforced
Elastomeric Bearings

The maximum service limit state rotations due to
total lead, 0,, for beanngs unlikely to experience hard
contract between metal components shall be taken as
the sum of:

o The rotations from applicable service load
combinations in Table 3.4.1-1, and

¢ An allowance [or unccrtainties, which shall be
taken as 0.005 rad. unless an approved quality
control plan justifics a smaller value.

The static and cyclic components of 8. shall be
considered separately when design 18 according to
Article 14.7.5.3.3.

14.4.2.2 1ligh Load Multirotational (HLMR)
Bearings

14.4.2.2. 1 Pot Bearings and Curved Stiding
Surface Bearings

The maximum strength limit state rotation, @,, for
bearings such as pot bearings and curved sliding
surfaces that may potentially experience hard contact
between metal components shall be taken as the sum ol

¢ The rotations from applicable strength load
combinations in Table 3.4.1-1;

»  The maximum rotation caused by fabrication
and installation tolerances, which shall be
taken as 0.005 rad. unless an approved quality
control plan justifies a smaller value; and

¢ An allowance for uncertainties, which shall be
taken as 0.005 rad. unless an approved quality
conirol plan justifies a smaller value.

14.4.2.2.2 Dise Bearings

The maximum strength limit state rotation, 0,, for
disc bearings which are less likely to experience hard
contact between metal components due to their
unconfined load element, shall be taken as the sum of;

o The rotations from applicable strength load
combinations in fable 3.4.1-1, and

* Aqn allowance for uncertainties, which shall be
taken as 0.005 rad. unless an approved quality
control plan justifies a smaller value.
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14,5 BRIDGE JOINTS
14.5.1 Requirements
14.5.1.1 General

Deck joints shall consist of components arranged to
accommodate the translation and rotation of the structure
at the joint,

The typeé ofjoints and surface gaps shall accommodate
the movement of motorcycles, bicycles, and pedestrians, as
required, and shall neither significantly impair the riding
characteristics of the roadway nor cause damage ic
vehicles,

The joints shall be detailed to prevent damage to the
structure fiom water, deicing chemicals, and roadway
debris.

Longitudinal deck joints shall be provided only where
necessary to moedify the effects of differential lateral
and/or vertical movement between the superstructure and
substructure.

Joints and joint anchors for grid and timher decks and
orthotropic deck superstructures require special details.

14.5.1.2 Structural Design

Joints and their supports shall be designed to
withstand force effects for the appropriate design limit
state or states over the range of movements for the
appropriate design limit state or states, as specified in
Section 3. Resistance factors and modifiers shall be taken
as specified in Sections 1, 5, 6, 7, and 8, as appropriate.

In snow regions, joint armor, armor connections, and
anchors shail be designed to resist force effects that may
be imposed on the joints by snagging snowplow blades.
The edgebeams and anchorages of strip seals and MBJS
with a skew exceeding 20° in snow regions that do not
incarporate protection methods such as those discussed io
Article 14.5.3.3 shall be designed for the strength limit
state with a minimum showplow load acting Bs a
honizontal line load on the top surface of the edgebeam ina
direction perpendicular to the edgebeam of 0.12 kips/m.
for a total length of 10.0 fi. anywhere along the edgebeam
in either direction. This load inciudes dynamic load
allowance.

The following factors shall be considered in
determining force effects and moverments:

e  Properties of materials in the structure, including
coefficient of thermal expansion, modulus of
elasticity, and Poisson’s ratio;

s  Effects of temperature, creep, and shrinkage;
¢ Sizes of structural components;
+ Construction tolerances;

s  Method and sequence of construction;

Ci45.1.1

To accommeodate differential lateral movement,
elastomeric bearings or combination bearings with the
capacity for lateral movement should be used instead of
longitudinal joints where practical,

Cl4.5.1.2

The strength limit state for the edgebeams of strip
seals and MBIS and anchorage to the concrete or other
elements should be checked with this snowplow load if the
skew of the joint exceeds 20° relative to a line transverse
to the traveling direction. For smaller skews, the blades,
which are skewed, will not strike an edgebeam all at once.
Protection methods such as those discussed in
Article 14.5.3.3 may eliminate the need to design for this
snowplow load.

Sovowplow blade angles vary regionally. Unless
protection methods such as those discussed in
Article 14.5.3.3 are used, agencies should avoid MBIS
installations with skew that is within 3° of the plow angle
used in that region, to avoid having the plow drop into the
gap between centerbeams.

The snowplow load was estimated from snowplow
manufacturer information as the force required to deflecta
spring-activated blade with 2.0 in. of compression and 1Q°
of deflection. The snowplow load includes the effect of
impact 50 the dynamic load allowance should not be
applied. The snowplow load should be multiplied by the
appropriate strength limit state load factor for live load.

Superstructure movements include those due to
placement of bridge decks, volumetric changes, such as
shrinkage, temperature, moisture and creep, passage of
vehicular and pedesirian traffic, pressure of wind, and the
action of earthquakes. Substructare movements include
differential settlement of piers and abutments, itlting,
flexure, and horizontal transtation of wall-type abutments
respondiog to the placement of backfill as well as shifting
of stub abutments due to the consolidation of
embankments and in-sita soils.
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»  Skew and curvature;
* Resistence of the joints to movernents;
e«  Approach pavement growth;

» Substructure movements due to embankment
construction;

¢ Foundation movements associated with the
consolidation and stabilization of subsoils;

e  Structural restraints; and

e  Static and dynamic structural responses and their
interaction.

The length of superstructure affecting the moverment
at one of its joints shall be the length from the joint being
considered to the structure’s neutral point.

For a curved superstructure that is laterally
unrestrained by guided bearings, the direstion of
longitudinal movement at a bearing joint may be assumed
10 be parallel to the chord of the deck centerline taken from
the joint to the neutral point of the structure,

The potential for unaligned loogitudinal and rotational
movement of the superstructure at a joint should be
considered in designing the vertical joints in curbs and
raised barriers end in determining the appropriate position
and orientstion of closure or bridging plates.

14.5.1.3 Geometry

The moving surfaces of the joint shall be designed to
work in concert with the bearings to avoid binding the
joints and adversely affecting force effects imposed on
bearings.

14.5.1.4 Materials

The matetials shall be selected so as to ensure that
they are elastically, thermally, and chemically compatible.
Where substantial differences exist, material interfaces
shall be formulated to provide fully functional systerns.

Materials, otber than elastomers, should have a service
life of not less than 75 years. Elastomers for joint seals and
troughs should provide a service life not less then 25 years.

Joints exposed to traffic should have a skid-resistant
surface treatment, and all parts shall be resistant to astrition
and vehicular impact.

Except for high-strength bolts, fasteners for joints
exposed to deicing chemicals shall be made of stainless
steel.

14-124

Any horizontal movement of a bridge superstracture
will be opposed by the resistance of bridge bearings to
movement and the rigidity or flexural resistance of
substructure elements. The rolling resistance of rocker and
rollers, the shear resistance of elastomeric bearings, or the
frictional resistance of bearing sliding surfaces will oppose
movement, In addition, the rigidity of abutiments and the
relative flexibility of piers of various heights apd
foundation types will affect the magnitude of bearing
movement and the bearing forces opposing movement.

Rigid approach pavements composed of cobblestone,
brick, or jointed concrete will experience growth or
substantial longitudinal pressure due to restrained growth.
To protect bridge structures from these potentially
destructive pressures and to preserve the movement range
of deck joints and the perforrnance of joint seals, either
effective pavement pressure relief joints or pavement
anchors should be provided in approach pavements, as
described in Transportation Research Record 1113.

When horizontal movement et the ends of a
superstruciure are due to volumetric changes, the forces
genernted within the structure in resistance to these
changes are balanced. The neutral point can be located by
estimating these forces, taking into account the relative
resistance of bearings and substructures to movement. The
length of superstructure contributing to movement at a
particutar joint can then be determined,

C14.5.1.3

For square or slightly skewed bridge layouts,
moderate roadway grades at the joint and minimum
changes in both horizontal and vertical joint alignment
may be preferred in order to simplify the movements of
joints and to enhance the performance of the structure,

C14.5.1.4

Preference should be given to those materials that are
least sensitive to field compounding and installation
variables and to those that can be repaired and altered by
nonspecislized maintenance forces. Preference should also
be given to those components and devices that will likely
be available when replacements are peeded.
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14.5.1.5 Maintenance

Deck joints shall be designed to operate with a
minimum of maintenance for the design life of the bridge.

Detailing should permit access to the joints from
below the deck and provide sufficient area for
maintenance,

Mechanical and elastomeric components of the joint
shall be replaceable.

Joints shall be designed to facilitate vertical extension
to accommodate roadway overlays.

14.5.2 Selection
14.5.2.1 Number of Joints

The number of movable deck joints in a structure
.should be minimized. Preference shall be given to
continuons deck Systems and superstructures and, where
appropriate, integral bridges.

The need for a fully functional cycle-contral joint
shall be investigated on approaches of integral bridges.

Movable joints may be provided at abutments of
single-span structures exposed to appreciable differential
settlemnent. Intermediate deck joints should be considered
for multiple-span bridges where differential settlement
would result in significant oversiresses.

14.5.2.2 Location of Joints

Deck joints should be avoided over roadways,
railvoads, sidewalks, other public areas, and at the low
point of sag vertical curves.

Deck joints sbould be positioned with respect to
abutrnent backwalls and wingwalls to prevent the
discharge of deck drainage that accumulates in the joint
recesses onto bridge seats,

Open deck joints should be located only where
drainage can be directed to bypass the bearings and
discharged directly below the joint.

Closed or waterproof deck joints should be provided
where joints are located directly above structural members
and bearings that would be adversely affected by debris
accumulation. Where deicing chemicals are used on bridge
decks, sealed or waterproofed joints should be provided.

14-13A

C14.5.1.5

The position of bearings, structural components, joints
end abutment backwalls, and the configuration of pier tops
should be chosen so as to provide sufficient space and
convenient access to joints from below the deck.
Inspection hatches, ladders, platforms, andfor catwalks
shall be provided for the deck joints of large bridges not
directly accessible from the ground.

Ci4.5.2.1

Integral bridges, bridges without movable deck joints,
should be considered where the length of superstructure
and flexibility of substructures are such that secondary
stresses due to restrained movement ere controlled within
tolerable limits.

Where a floorbeam design that can tolerate differential
longitudinal movements resulting from relative
temperature and live load response of the deck and
independent supporting members, such as girders and
trusses, is not practical, relief joints in the deck slab,
movable joints in the stringers, and movable bearings
between the stringers and floorbeams should be used.

Long-span deck-type structures with steel siringers
that are slightly skewed, continuous, and composite can
withstand substantial differential settlement without
significant secondary siresses. Consequently, intermediate
deck joints are rarely necessary for multiple-span bridges
supporied by secure foundations, i.e., piles, bedrock, dense
subsoils, etc. Because the siresses induced by seftlement
can alter the point of inflection, a more conservative
control of fatigue-prone detail locations is appropriate.

Guidance on the movements of the substructure can be

found in Articles 10.5.2, 10.6.2. 10.7.2. and 10.8.2.

Cl4.52.2
Open joints with drainage troughs should not be

placed where the use of horizontal drainage conductors
would be necessary.
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For straight bridges, the longitudinal elements of deck
joints, such as plate fingers, curb and barrier plates, and
modular bridge joint system support bars, should be placed
parallel to tbe longitudinal axis of the deck. Forcurved and
skewed structures, allowance shall be made for deck end
movements consistent with that provided by the bearings.

Where possible, modular bridge joint systems should
not be located in the middle of curved bridges to avoid
unforesecable movement demands. Preferably, modular
bridge joint systems should not be located near traffic
signais or toll areas so as to avoid exireme braking forces.

14.5.3 Design Requnirements
14.5.3.1 Movements During Constraction

Where practicable, construction staging should be
used to delay construction of abutments and piers located
in or adjacent to embankments until the embankments have
been placed and consclidated. Otherwise, deck joints
should be sized to accommeodate the probable abutment
and pier movements resulting from embankment
consolidation after their construction.

Closure pours in concrete structures may be used to
minimize the effect of prestress-induced shortening on the
width of seals and the size of bearings.

14.53.2 Design Movements

A roadway surface gap, #, in in., in a transverse deck
joint, measured in the direction of travel at the maximum
movement determined using the appropriate strength load
combination-specified in Table 3.4.1-1 shall satisfy:

» Forsmgle gap:

W £4.0in. (14.53.2-1)
+  For multiple modutar gaps:
W <3.0in. (14.53.2-2)

For steel and nonprestressed wood superstructures, the
minimum opening of a transverse deck joint and roadway
surface gap therein shall not be less than 1.0in. for
movements determined vsing the appropriate strength load
combination specified in Table 3.4.1-1. For concrete
superstructures, consideration shall be given to the opening
of jomts due to creep and shrinkage that may require initial
minimum openings of tess than 1.0 in. at the strength limit
state.

End rotations of deck-type structures occur about axes
that are roughly parallel to the centerline of bearings along
the bridge seat, In skewed structures, these axes are not
nomal to the direction of longitudinal movement.
Sufficient lateral clearances between plates, open joints, or
elastomeric joint devices should be provided to prevent
binding due to lack of alignment between longitudinet and
rotational movements,

C14.53.1

Where it is either desirable or necessary to
accommodate settlemnent or other construciion movements
prior to deck joint installation and adjustment, the
following construction controls may be used:

¢ Placing abutment embankment prior to pier and
abutment excavation end construction,

e Surcharging embankments to accelerate
consolidation and adjustment of in-situ soils,

s Backfilling wall-type abutments up to subgrade
prior to placing bearings and backwalls zbove
bridge seats, and

»  Using deck stab blockouts to allow placing the
major portion of span dead loads prior to joint
installation.

Cl14.53.2
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Unless more appropriate criteria are available, the
maximum surface gap of longitudinal roadway joints shall
not exceed 1.0 in. at the strength limit state.

At the maximum movement determined using the
appropriate gtren ad combination _specified i
Table 3.4.1-1, the opening between adjacent fingers on a
finget plate shall not exceed:

e 2.0 in. for longitudinal openings greater than
8.0in., or

‘e 3.0 in. for longitudinal openings 8.0 in. or less.

The finger overlap at the maximum movement shall be
not Jess than 1.5 in. at the strength limit state.

Where bicycles are anticipated in the roadway, the use
of special covering floor plates in shoulder areas shall be
considered.

14.5.3.3 Protection

Deck joints shell be designed to accommodate the
effects of vehicular traffic, pavement mnintenance
equipment, and other long-term environmentally induced
damage.

Joints in concrete decks should be armored with steel
shapes, weldments, or castings. Such armor shall be
recessed below roadway surfaces and be protected from
snowplows,

Jointed approach pavements shall be provided with
pressure relief joints and/or pavement anchors. Approaches
to integral bridges shall be provided with cycle control
pavement joints.

14.5.3.4 Bridging Plates

Joint bridging plates and finger plates should be
designed as cantilever members capable of supporting
wheel loads at the strength limit state.

The differential scttlement between the two sides of a
joint bridging plate shall be investigated. If the differential
settlement cannot be either reduced to acceptabie levels or
accommodated in the design and detailing of the bridging
plates and their supports, a more suitable joint should be
used.

Safe operation of motorcycles is one of the prime
considerations in choosing the size of openings for finger
plate joints.

C14.5.3.3

Snowplow protection for deck joint armor and joint
seals may consist of:

¢ Concrete buffer strips 12.0 to 18.0 in. wide with
joint armor recessed 0.25 to 0.375 m. below the
surface of such strips,

s  Tapered steel ribs protruding up to 0.50 in. above
roadway surfaces to lift the plow blades as they
pass over the joints,

* Recesses in flexible pavement to position armor
below anticipated rutting, but not so deep as to
pond water,

Additional precautions to prevent damage by
snowplows should be considered where the skew of the
joints coincides with the skew of the plow blades, typically
30° to 35°.

Cl4.53.4

Where binding of bridging plates can occur at bearing
joints due to differential vertical translation of abutting
structural elements or due to the longitudinal movement of
bridging plates and bearings on differcnt planes, the plates
can be subjected to the total dead and live load
superstructure reaction. Where bridging plates are not
capable of resisting such loads, they may fail and become 2
hazard to the movement of vehicular traffic,
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Rigid bridging plates shall not be used at elastomeric
bearings or hangers unless they are designed as cantilever
members, and the contract documents require them to be
installed to prevent binding of the joints due to horizontal
and vertical movement at bearings.

14.5.3.5 Armor

Joint-edge armor embedded in concrete substrates
should be pierced by 0.73-in. minimum-diameter vertical
vent holes spaced on not mare than 18.0 in. centers,

Metal surfaces wider than 12.0 in. that are exposed to
vehicular traffic shall be provided with an antigkid
treatmment.

14.5.3.6 Anchors

Armor anchors or shear connectors should be
provided to ensure composite behavior between the
concrete substrate and the joint hardware and to prevent
subsurface corrosion by sealing the boundaries between
the armor and concrete substrate. Anchors for edgebearns
of stp seals and MBIS shall be designed for the
snowplow load as required in Article 14.5.1.2.

Anchors for roadway joint armor shall be directly
connected to structural supports or extended to effectively
engage the reinforced concrete substrate.

The free edges of roadway armor, more than 3.0 in.
from other anchors or attachments, shall be provided with
0.50-in, diameter end-welded studs not less than 4.0 in.
long spaced at not nore than 12.0 in, from other anchors or
attachments, The edges of sidewatk and barrier armor shall
he similarly anchored.

14.5.3.7 Bolts

Anchor bolts for bridging plates, joint seals, and joint
anchors shall be fully torqued high-strength bolts. The
interbedding of nonmetallic substrates in conmections with
high-strength bolts shalt be avoided. Cast-in-place anchors
shall be used in new concrete. Expansion anchors,
countersunk anchor bolts, and grouted anchors shall not be
used in new construction,

14.5.4 Fabrication
Shapes or plates shall be of sufficient thickness to

stiffen the assembly and minimize distortion due to
welding,

Thick elastomeric bearings responding to the
epplication of vertical load or short hangers responding to
longitndinal deck movements may cause appreciable
differential vertical transiation of abutting structural
clements at bearing joints. To accommodate such
movements, an appropriete type of sealed joint or a
waterproofed open joint, ather than a structural joint with
rigid bridging plates or fingers, should be provided.

C14.53.5

Vent holes are necesseary to help expel entrapped air
and facilitate the attainment of a solid concrete substrate
under joint edge armor.

The contract documents should require hand packing
of concrete under joint armor,

C14.53.6

Snow plow impact should also be considered in
designing anchors.

C14.5.3.7

Grouted anchors may be used for maintenance of
existing joints,

Cl14.5.4

Joint straightness and fit of components should be
enhanced hy the use of shapes, bars, and plates 0.50 in. or
thicker.
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To ensure appropriate fit and function, the contract
documents should require that:

e Joint components be fully assembled in the shop
for inspection and approval,

= Joints and seals be shipped to the job-site fully
assembled, and

s  Assembled joints in lengths up to 60.0 ft. be
furnished without intermediate field splices.

14.5.5 Installation

14.5.5.1 Adjuostment

The setting temperatre of the bridge or any
coraponent thereof shall be taken as the actual air
temperature averaged over the 24-hour period immediately
preceding the setting event

For fong structures, an allowance shall be included in
the specified joint widths to account for the inaccuracies
inherent in establishing instalation temperatures and for
superstruciure movements that may take place during the
time between the setting of the joint width and completion
of joint installation. In the design of joints for long
structures, preference should be given to those devices,
details, and procedures that will allow joint adjustment and
completion in the shortest possible time.

Connections of joint supports to primary members
should allow horizontal, vertical, and rotational
adjustments.

Construction joinis and Blockouts sbould be used
where practiceble to permit the placement of backfill and
the major structure components prior to joint placement
and adjustment.

14.5.5.2 Temporary Supports

Deck joints shall be furnished with temporary devices
to support joint compoments in proper position until
permanent connections are made or until encasing concrete
has achieved an initial set. Such supports shall provide for
adjustment of joint widths for variations in installation
temperatures.

14.5.5.3 Field Splices

Joint designs shall include details for transverse field
splices for staged construction and for joints longer than
60.0 fi. Where practicable, splices should be located
outside of wheel paths and gutter areas.

Construction procedures and practices should be
developed to allow joint adjustment for installation
temperatures without altering the orientation of joint parts
established during shop assembly.

C14.5.5.1

Except for short bridges where installation
temperature variations would have only a negligible effect

- on joint width, plans for each expansion joint should

include required joint installation widths for a range of
probable installation terperatures. For concrete structures,
use of a concrete thermometer and measurement of
temperature in expansion joints between superstructure
unils may be considered.

An offset chart for installation of the expansion joints
is recommended to account for uncertainty in the setting
temperature at the time of design. The designer may
provide offset charts in appropriate increments and include
the chart on the design drawings. Placement of the
expansion joint hardware during deck forming should
accommodate differences between setting temperature and
an assumed design installation temperature.

Construction procedures that will allow major
structure dead load movements to occur prior to placement
and edjustment of deck joints should be used.

Cl4.55.2

Temporary attachments should be released to avoid
damaging anchorage encasemenis due to movement of
superstructures responding to rapid temperature changes.

For long siructures with steel primary members,
instructions should be inctuded in the contract documents
to ensure the removal of teporary supports or release of
their comnections as soon as possible after concrete
placement.

C14.553
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Details in splices should be selected to maximize
fatigue life.

Field splices provided for staged construction shall be
located with respect to other construction joints to provide
sufficient room to make splice connections.

When a field splice is required, the contract
documents should require that perrnanent seals not he
placed until after joint installation bas been complated.
Where practicable, only those seals that can be installed in
one continuous piece should be used. Where field splicing
is unavoidable, splices should be vulcanized.

14.5.6 Considerations for Specific Joint Types
14.5.6.1 Open Joinis

Open deck joints shall permit the free flow of water
through the joint. Open deck joints should not be used
where deicing chemicals are applied. Piers and abutments
&t open joints shall satisfy the requirements of Article 2.5.2
in order to prevent the accumulation of water and debris.

14.5.6.2 Closed Joints

Sealed deck joints shall seal the surface of the deck,
including curbs, sidewalks, medians, and, where
necessary, parapet and barrier walls. The sealed deck joint
shall prevent the accumulation of water and debris, which
may restrict its operation. Closed or waterproof joints
exposed to roadway drainage shall have structure surfaces
below the joint shaped and protected as required for open
joints,

Joint seals should be watertight and extrude debris
when closing,

Drainage accumulated in joint recesses and seal
depressions shall not be discharged on bridge scats or
other horizontel portions of the structure.

Where joint movement is accommodated by a change
in the geometry of elastomeric glands or membranes, the
glands or membranes shall not come into direct contact
with the wheels of vehicles.

Splices for less critical portions of joints or for lightly
loaded joints should be provided with connections rigid
enough to withstand displacement if joint armor is used es
a form during concrete placement.

C14.5.6.1

Under certain conditions, open deck joints can provide
an effective and economiczl sofution. In general, open
joints are well-suited for secondary highways where little
sand and salt are applied during the winter. They are not
suited for urban areas where the costs of provisions for
deck joint drainage are high.

Satisfactory performance depends upon an effective
deck drainage system, control of deck discharge through
joints, and containment end disposal of runoff from the
site. It is essential that surface drainage and roadway
debris not be permitied to accurmulate on any part of the
structure below such joints,

Protection against the deleterious effects of deck
drainzge may include shaping structural surfaces to
prevent the retention of roadway debris and providing
surfaces with deflectors, shields, covers, and coatings.

C14.5.6.2

Comnpietely effective joint seals have yet to be
developed for some situations, particularly wbere there are
severely skewed joints with raised carbs or barriers, and
especially where joints are subjected to substantial
movements. Consequently, some type of open or closed
joint, protected as appropriete, should be considered
instead of a sealed joint.

Sheet and strip seals that are depressed below the
roadway surface and that are shaped like gutters will fifl
with debris. They inay burst upon closing, unless the joints
that they seel are extended straight to the deck edges where
accumulated water and debris can be discharged clear of
the structure. To allow this extension and safe discharge, it
may be necessary to move the backwalls and bridge seats
of some abutment types forward until the backwalls are
flush with the wingwalls, or to reposition the wingwalls so
that they do not obstruct the ends of the deck joints.
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14.5.6.3 Waterprocfed Joints

Waterproofing systems for joints, including joint
troughs, collectors, and downspouts, shall be designed to
collect, conduct, and discharge deck drainage away from
the structure,

In the design of drainage troughs, consideration
should be given to:

Trough slopes of not less than 1.0 in/ft,;

Open-ended troughs or troughs with large
discharge openings;

Prefabricated troughs;

Troughs composed of reinforced elastomers,
stainless steel, or other metal with durable
coatings;

Stainless steel fasteners;

Troughs that are replaceabte from below the
joint;

Troughs that can be flushed from the roadway
sutface; and

Welded metal joints and vulcanized elastomeric
splices.

14.5.6.4 Joint Seals

Seals shall accommodate all anticipated movements.
In the choice of a seal type, consideration should be
given to seals that:

Are preformed or prefabricated,

Can be replaced without major joint modification,
Do not support yehicular wheel loads,

Can be placed in one continuous piece,

Are recessed below jeint armor surface,

Are mechanically anchored, and

Respond to joint width changes without
substantiaf resistance.

Elastomeric materal for seals should be:

Durable, of virgin neoprene or naturai mbber and
rejnforced with steel or fabrc laminates;

Vuleanized,
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s  Verified by long-term cyclic testing; and

e Connected by adhesives that are chemically
cured,

14.5.6.5 Poured Seals

Unless data supports & smaller joint width, the joint
width for poured seals should be at least 6.0 times the
anticipated joint movement determined using the appropriate
strength load combination gpecified in Table 3.4.1-1,

Sealant bond to metal and masonry materials should
be documented by national test methods.

14.5.6.6 Compression and Cellular Seals

Where seals with heavy webbing are exposedio the fall
movement ange, joints shall not be skewed more than 20°,

Compression seals for bearing joints shall not be less
than 2.5 in. nor more than 6.0 in. wide when uncompressed
and shall be specified in width increments in muitiples of
0.5 in.

Primary roadway seals shall be furnished without
splices or cuts, unless specifically approved by the
Engineer.

In gutter and curb areas, roadway seals shall be bent
up in gradual curves to Tetain readway drainage. Ends of
roadway seals shall be protected by securely attached
vented caps or covers, Secondary seals in curbs and barrier
areas may be cut and bent as necessary to aid in bending
apd insertion into the joint.

Closed cell seals shall not be used in joints where they
would be subjected to sustained compresston, unless seal
and adhesive adequacy have been decumented by long-
tenn demonstration tests for similar applications,

14.5.6.7 Sheet and Strip Seals

In the selection and application of either sheet or strip
seals, consideration should be given to:

s Joint designs for which glands with anchorages
not exposed to vehicular loadings,

» Jointdesigns that allow complete closure without
detrimental effects to the glands,

* Joint designs where the elastomeric glands extend
straight to deck edges rather than being bent up at
curbs or barners,

s Decks with sufficient crown or superelevation to
ensure lateral drainage of accmnulated water and
debris,

s  Glands that are shaped to expel debris, and

»  Glands without abrupt changes in either hori-
zontal or vertical alignrment.

R

C14.5.6.5

Poured seals should be used anly for joints exposed to
small movements and for applications where
watertightness is of secondary importance,

C14.5.6.6

Compression seals should be used only in those
structures where the joint movement range can be
accurately predicted,

Performance of compression and celhular seals is
improved when concrete joint recesses are made by saw-
cutting in a single pass, rather than by being cast with the
aid of removable forms.
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Sheet and strip seals should be spliced only when
specifically approved by the engineer.

14.5.6.8 Plank Seals

Application of plank seals should be limited to
structures on secondary roads with light truck traffic, and
that have unskewed or slightly skewed joints.

Consideration should be given to:

o Seals that are provided in one continuous piece
for the length of the joint,

e Seals with splices that are vulcanized, and

e Anchorages that can withstand the forces
necessary to stretch or compress the seal,

14.5.6.9 Modular Bridge Joint Systems (MBJS)

14.5.6.9.1 General

These Articles of the specifications address the
performance requirements, strength limit state design,
and fatigue limit state design of modular bridge joint
systems (MBJS).

These Specifications were developed primarily for,
and shall be applied to, the two common types of MBJS,
multiple and single support har systems, including swivel-
Jjoist systems.

C14.5.6.8

Plank-type seals should not be used in joints with
unpredictable movement ranges.

Cl4.5.6.9.4

These MBIJS design specifications provide a rational
and conservative method for the design of the main load
carrying steel components of MBJS. These Specifications
do not specifically address the functional design of MBIS
or the design of the elastomeric parts. These Specifications
are baged on research described in Dexter et al. (1997),
which contains extensive discussion of the loads and
measured dynamic response of MBIS and the fatigue
resistance of common MBIJS details. Fatigue test
procedures were developed for the structural details as
well, '

Comunon types of MBJS are shown in Figures C!
through C3.

Edgebeams

_— —
Eﬂkiﬂ_ ‘ / Centarbeams \
o

Figure C14.5.6.9.1-1 Cut-Away View of Typical Welded-
Multiple-Support-Bar (WMSB) Modular Bridge Joint
System (MBJS) Showing Support Bars Sliding within
Support Boxes.
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14.5.6.9.2 Performance Requiremenis

The required minimmm MBJS movement range
capabilities for the six possible degrees of freedom given
in Table 1 shall be added to the maximum movement and
rotations calculated for the entire range of seals in the
MBJS determined using the appropriate strensth toad
combination specified in Table 3.4.1-1.

Flgure C14.5.6.9.1-2 Cross-Section View of Typical Single-
Support-Bar (SSB} Modular Bridge Joint System (MBIS)
Showing Multiple Centerbeams with Yokes Sliding on a
Single Support Bar.

Conter Hemm

Supporl Bar

Figure C14.5.6.9.1-3 Cut-Away View of a “Swivel Joint,”
i.e., a Special Type of Single-Support-Bar (S5B} Modular
Bridge Joint System (MBJS) with a Swiveling Single
Support Bar.

Ci4.3.69.2

The MBJ3 should be designed and detailed to
minimize excessive noise or vibration during the passage
of traffic.

A common problem with MBJS is that the seals fill
with debris. Traffic passing over the joint can work the
seal fTom its anchorage by compacting this debriz. MBJS
systems can gject most of this debris in the traffic lanes if
the seals are opened to near their maximum opening.
Therefore, it is prudent to provide for additional movernent
capacity.
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MBJS should permit movenients in all six degrees of
freedom, i.e., translations in all three directions and
rotations about all three axes. While it is mandatory to
provide at least 1.0 in. movement in the longitudinal
direction, as shown in Teble 1, no more than 2.0 in. should
be provided in addition to the maximum calculated
movement if feasible. Also, more than 1.0 in, should not
be added if it causes & further seal to be used. In the five
degrees of freedom other than the longitudinal direction,
the MBJS sheould provide the maximum calculated
movement in conjunction with providing for at least the
minisum additional movement ranges shown in Table 1.
Half of the movement range shall be assumed to occur in
each direction about the mean position. Some bridges may
require greater than the additional specified minimmmm
values.

The designer should consider showing the total
estimated trangverse and vertical movement in each
direction, as well as the rotation in each direction about the
three principal axes om the contract plans. Vertical
movement due to vertical grade, with horizontal bearings,
and vertical movement due to girder end rotation may alss
be congidered.

Further design guidelines and recornmendations can
be found in Chapter 19 of the A4SHTO LRFD Bridge
Construction Specifications and Dexter et al. (1997).

Table 14.5.6.9.2-1 Additlonal Minimum Movement Range

Capability for MBJS.
Minimum Design

Type of Movement Movement Range*

Longitudinal Displacement Estimated
Movement + 1.0 in,

Transverse Movement 1.01n.
Vertical Movement 1.0 in.
Rotation around Longitudinal 1°
Axig
Rotation Around Transverse 1°
Axis
Rotation Around Vertical Axis 0.5°

*  Tatal mavement ranges presented in the table are twice the
plus or minus movement,

14.5.6.8.3 Testing and Calculation Requirements

MBJS shall satisfy all test specifications detailed in.
Appendix A of the A4SHTO LRFD Bridge Construction
Specifications.

Each configuration of MBIJS shall be designed for the
strength and fatigue, and fracture limit states a5 specified
in Articles 14.5.6.9.6 and 14.5.6.9.7.
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14.5.6.94 Loads and Load Factors

Edgebearns, anchors, centerbeams, support bars,
connections between centerbeams and support bars,
support boxes, and connections, if eny, to elements of
the structure, such as girders, truss chords, crossbeams,
etc., and other siructural components sball be designed
for tbe strength, and fatigue and fracture limit states for
the simultaneous application of vertical and horizontal
_axle loads.” The edgebeams and anchors of MBIJS in
snow regions shall also be designed for the strength
Bmit state for the snowplow load defined in Ariicle
14.5.1.2, The design lane load need not be considered
for MBJS.

The two wheel loads ffom each axle sball be
centered 72.0 in. apert transversely. Eacb wheel load
shall be distmbuted to the vanous edgebeams and
centerbeams as specified in Article 14.5.6.9.5. The
fraction of the wheel loads applied 1o each member shall
be line loads applied at the center of the top surface of a
membet with a width 0f 20.0 in.

For the strength limit state, the vertical wheel loads
shall be from the design tandem specified in Article
3.6.1.2.3; the wheel loads from the design truck in
Article 3.6.1.2.2 need not be considered for the strength
limit state of MBJS. Both of the tandem axles shall be
considered in the design if the joint opening exceeds 4.0
ft. The vertical wbeel load shall be increased by the
dynamic foad allowance specified for deck joints in
Table 3.6.2.1-1.

The hotizontal load for the strength limit state shall
be 20 percent of the vertical wheel load (LL+IM),
applied along the same line at the top surface of the
centerbeam or edgebeam, For MBIS installed on vertical
grades in excess of 5 percent, the additional horizonta}
comiponent due to grade shall be added to the horizontal
wheel load,

To investipate the strength limit state, the axles
shall be oriented and positioned transversely to
maximize the force effect under consideration.

The vertical wheel load ranges for the fatigne limit
state shall be from the largest axle load from the three-
axle design truck specified in Article 3.6.1.2.2, For
fatigne limit state design of MBIS, this exle load shall
be considered as the total load on a tandem, i.e., the total
load shall be split into two axle loads spaced 4.0 ft
apart. Both of these tandern axles shall be considered in
the design if the joint opening exceeds 4.0 fi. The
vertical load range shall be increased by the dynamic
load ellowance apecified for deck joints in Table 3.6.2.1-
1. The foad factors to consider shall be as specified
in Table 3.4.1-1 for the Fatigue I case.

The horizontal Joad ranges for the fatigne limit state
shall be at least 20 percent of the vertical wheel load
mnge {LL+ M) for fatigue. For MBJS installed on
vertiead grades in excess of 5 percent, the additional

Ci4.5.6.94

The vertical axle foad for fatigue limit state design
is one-helf the 32.0 kip axle load of the design truck
specified in Article 3,6.1.2.2 or 16.0 kips. This reduction
recognizes that the main axles of the design truck are a
simplification of actual tandem axles. The simplification
is not satisfactory for MBJS and other expansion joints
because expansion joints experience a separate stress
cycle for each individual axle.

For strength limit state design, there are two load
combinations that could be considered. However,
recognizing that each main axle of the design truck
should actually be treated as 32.0 kip tandems, it ig clear
ibe 50.0 kip design tandem, which is not used for fatigue
limit state design, will govern for strength limit state
design.

The loads specified for fatigue limit state design
actally represent load ranges, When these loads ore
applied to a structural analysis model with no dead load
applied to the model, the moment, force, or stress that is
computed everywhere represents a moment, force or
stress range. In service, these stress ranges are partly dne
to the downward load 2nd partly due to upward rebound
from the dynamic impact effect,

The dynamic load allowance (impact factor)
specified for deck joints of 75 percent was developed
from field testing of MBJS condncted in Europe and
was confirmed in field tests described in Dexter et al.
(1997). The siress range due to the load plus this
dynamic load allowance represents the sumn of the
downward part of that stress range and the upward part
of the stress range due to rehound. Measurements,
described in Dexter et al. {1997), showed that the
maximum downward amplification of the static load is
32 percent, with about 31 percent rebound in the upward
direction,

The vertical axle load range with impact for fatigue
limit state design is one-half of the largest axie lond of
the design truck specified in Article 3.6.1.2.2, nitiplied
by 175 to include the dynamic load allowance,
multiplied by a load factor of 1.5 {or 2.0 thnes 0.75}
fora-ferimie-load-facter as specified in Table 3.4.1-1 for
the Fatigue | case, or 42.0 21.0 kips. The 0.75 lgad
factor_transforms axles of an HS20 truck to those of
an HS815 fatigpue truck which is presumed to
represent the effective siress range. The factor 2.0
amplifics the effective stress range for the fatigue
Himit state to the presumed maximum expected stress
range which with impact is required to be less than
the fatioue threshold in Article 14.5.6.9.7a. Tt is the
intent of the faticue desion specifications that the
static load without impact considered (24 Kips or 42.0
kips/1.75) should be infrequently exceeded, see
Dexter et al. (1927, For-the-pwmposesof comparisento
ether—prepsast—etone—tmi—siete—desma—Ilaads
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borizontz] component due to grade shail be added to the
horizontal wheel load range.

To investigate the fatigue limit state, the axles shall
be oriented perpendicular to the travel direction only,
but shall be positioned transversely to meximize the
force effect under consideration. In bridges with a skew
greater than 14°, the two wheel loads from an axle may
pot be positioned on a centerbeamn simultaneously, and
lhe maximum stress ranges at a critical detail on the
centerbeam may be the difference between the siresses
due to the application of each wheel load separately.

Field measurements were taken at a variely of
locations; so typical truck excitations should be reflected
in the dynamic load allowance. However, a joint located
on a structure with significant settlement or deterioration
of the approach roadway may be expased to a dynamic
load allowance 20 percent greater due to dynamic
gxcitation of the trucks.

MBIJS with centerbeam spans less than 4.0 ft. are
reported to have lower dynamic effects (Paitis 1993,
Tschemmernegg and Pattis 1994). The fatigue limit state
design provisions of Article 14.5.6.9.7 happen to zlso
limnit the spans of typical 5.0 in. deep centerbeams to
around 4.0 ft. anyway, so there is no need for a specific
lirnitation of the span.

At sites with s tight horizontal curve (fess than 490
ft. radiug) the vertical moments could be about 20
percent higher than wouid he expected, An increase in
the dynamic load allowance for cases where there is a
Hght horizontal curve is not considered necessary if the
speed of trucks on these curves is limited. In this case,
the dynamic impact will be less than for trucks at full
speed and the dscreased dynamic Impact will
approximately offset the increased vertical load due to
the horizontal curve.

The dynamic load allowance is very conservative
when applied to the vertical load for strength limit state
design, since in strength limit state design peak loads,
not load ranges, are of interest. In the measurernents
made on MBIS in the field, the maximum downward
vertical moment was onty 1.32 times the static moment,
There are usually no consequences of this conservative
simplification since the proportions of the members are
typicafly govemed by fatigue and not strength.

The horizental loads are taken as 20 percent of the
vertical foad plus the dynamic load allowance. Inm-
service measurements, described in Dexter et al. (1997),
indicate that the 20 percent horizontal load range is the
largest expected from traffic at steady speeds, including
the effect of acceleration and routine braking. The 20
percent horizontal load range for fatigue limit state
design tepresents 10 percent forward and 10 percent
‘hackward,

Where strengih hmit state design is considered, (he
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14.5.6.9.3 Distribution of Wheel Loads

Each adgebeam shall be designed for 50 percent of
the vertical and horizontal wheel loads specified in
Atticle 14.5.6.9.4.

Table 1 specifies the centerbeam distribution factor,
i.e., the percentage of the design vertical and horizontal
wheel loads specified in Article 14.5.6.9.4 that shall be
applied to an individual centerbeam for (he design of
that centerbeam and associated support  bars,
Distribution factors shall be interpolated for centerbeam
top flange widths not given in the table, but in no case
shall the distrbution factor be taken as less than 50
percent. The remainder of the load shall be divided
equally and applied to the two adjacent centerbeams or
edgebeams, .

Table 14.5.6.9.5-1 Centerbeam Distribution Factors.

Width of Centerbeam Distribution
Teop Flange Fattor
2.5 in. {or less) 50%
3.0 in. 60%
4.0 in. 70%
4.75 in. 30%

20 percent horizontal load requirement corresponds to a
peak load of 20 percent applied in one direction. The 20
percent horizontal peak load is appropriate for strenpgth
limit state design. However, the field measurements,
described in Dexter et al. (J997), show that the
horizontal force effects resulting from extreme braking
can be much greater than at steady speeds. Therefore,
the 20 percent peak horizontal load represents the
extreme breking for strength limit state design. For
fatigue limit state design, these extreme events occur so
infrequently that they do not usually need to be taken
into account in most cages,

Special consideration should be given to the
horizontal forces if the MBIS is located near a traffic
light, stop sign, or toll facility or if the centerbeam ig
unusually wide,

Ci4.5.6.9.5

For the convenience of the designer, the verfical
axle load range with impact for faligue limit state design
on one centerbeam 2.5 in. or less in widlh is 21.0 105
kips. On the centerbeam, each fraction of the wheel load
of 10.5 53 kips is spaced 72.0 in. apart distributed over
a width of 20.0 in, with & magnitnde of 0.525 03263
kips/in.

The distribution factor, ie, the fracton of the
design wheel load range assigned to a single
centerbeam, is a function of applied load, tire pressure,
gap width, and centerbeam height roismatch.
Urnfortunately, meny of the factors affecting the
distribution factor are difficult to quantify individually
amd even more difficult to incorporate in an equation or
graph. Existing methods to estimate the distribution
factor do not incorporate all of these variables and
consequently can be susceptible to error when used
outside the ongmally intended range. In view of this
unceriainty, a simplified tabular method is used to
estimate the distribution factor. Alternative methods are
permitted if they are based on documented test data,

Wheel load distribution factors shown in Table 1
are based on field and laboratory testing, described in
Drexter et al, (/997), and were found to be in acceptable
agreement with the findings of other rescarchers. Thesge
distribution factors are based on the worst-case
asswoption of maximum joint opening (maximum gap
width). Calculating the stress ranges &t maximurz gap
opening is approximately 21 percent too conservative
for faligue limit slate design. However, as explained in
Dexter et al. (1997), this conservatism compensates for o
lack of conservatism in the AASHTO HS20 fatigue
design truck axle load.

See—disepased—in—dwele IS 04— Fur
comparison to the fatigne threshold, the factored static
axle load range, without the dynamic load allowance,
would be 24.0 kips {or 42.0 kips/1.75 as discussed in

Artlcle C14.5.6.9.4) %&%aé&a—?»&e&&he—%aﬂﬂﬂe—hmﬁ

%Hh%&w&*ea—p&#pas&*mly—ﬁs—s&eh—% Ihe stutic axle
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14,5.6.9.6 Sirength Limit State Design
Requirements

Where the MBIS is analyzed for the strength limit
state, the zap between centerbeams shall be assumed to
be at the fully opened position, typically 3.0 in.

The MBIJS shall be designed to withstand the force
effects for the strength limit state specified in Article
65.4 by applying the provisions of Articles 6.12 and
6.13, as applicable. All sections shall be compact,
satisfying the provisions of Articles A6.1, A8.2, AG3.2,
and A6.3.3. MBIS shall be designed to withstand the
load combination for the Strength I limit state that is
specticd jn Table 3.4.1-1 for the simultaneous
application of vertical and horizontai axle loads
specified in Article 14.5.6.9.4. Dead loads need not be
included. Loads shall be distrbuted as specified in
Article 14.5.6.9.5.

Anchors shall be investigated at the sirength limit
state due to vertical wheel loads without the horizontal
whee! loads wusing the requirements of Arficle
6.1010.4.3. The anchors shall be checked separately for

14-27A

load range at the fatigne limit state is supposed to
represent an axle load that is rarely exceeded. However,
the fatigue limit state design load is multiplied by a
distribution factor that is 21 percent too large, so in
effect, this is equivalent to a static axle load range at the
fatigue limit state of 29.0 kips that should be rarely
exceeded, if corvect distribution factors were used. This
is more consistent with the statistics of weigh-in-motion
data where axle Joads with exceedence levels of 0.01
percent were up to 36,0 kips, see Schilling (J990) or
Nowek and Laman (1 995).

A mitigating factor on the impact of these larger
exle loads is that the distribution factor decreases with
increasing  axle load. Because of ‘this effect,
measurements reported in Dexter et al. (1997) show that
as the axle load 1s increased from 24.0 to 36.0 kips, an
increese of 50 percent, the load on one centerbeam
increases from 12.6 to only 14.6 kips, an increase of
only 16 percent.

Even though maximum gap opening occurs only
rarely, it is an appropriate assumption for checking the
Strength-] limit state. No additional conservatism is
warranted in this case, however, because the dynzmic
load allowance is about 32 percent too conservative for
strength limit state design only, as discussed in Article
Cl14.5.6.9.4.

Another advantage of using the couservative
distribution factors is that it may compensate for
ignoring the effect of potential centerbeam height
mismatch. Laboratory stadies show that a height
mismatch of 0.125 in. resulted in a 24 percent increase
in the measured distribution factor, see Dexter et al.
(1997). Although such mismatch is not common
presently, and recent comstruction specifications are
supposed fo preclude this mismatch, it is prudent to
anticipate that it may occur.

C14.5.6.9.6

Anchorage calculations for stremgth and fatigne
limit stetes are presented in Dexter et al, (2002). A
prescriptive design was found that satisfies the strength
end fatigne Hmit state requirements presented in this
specification, including the snowplow load. This design
may be adopied without presenting explicit calculations.
This design consists of a steel edpebeam minimum
thickness 0.375 in. with Grade 50 (50.0 ksi yield) 0.5 in.
diameter welded headed anchors (studs) with length of
anchor of 6.0 in. spaced every 12.0 in. The welded
headed anchor shall have mininmim cover depth of 3.0
in., except where over the support boxes, where the
cover depth is 2.0 in.

Analyzing the centerbeam as a continuous beam
over rigld supports has been found to give pood
agreement with measured strains for loads in the vertical
direction. For loads in the horizontal direction, the
continuous beam model is conservative. For the loads in
the horizontal direction, more accurate results can be
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the horizontal wheel loads at the strength limit state. In
snow Tegions, enother separate analysis shall be
performed for the anchors for the snowplow load
defined in Article 14.5.1.2. Puliout or breakout at the
strength limit state under each of these loads shall be
investigated by the latest ACI 318 (Building Code
Requirements for Struciural Concrete), using the
following resistance factors:

s TFor anchors pgoverned by the steel, the
resistance factors are:

¢.ie.-ufm = 08.[!
¢.rhwr =0.75

¢ For anchors govemned by the concrete, the load
factors for Condition A, supplemental
reinforcement in the failure ares, are:

¢A fension = 0.85
¢A shear = 0.85

s For anchors govemed by the concrete, the load
factors for Conditon B, no supplemental
reinforcement, are;

¢'H tension = 075
¢’B shear = 0.75

14,5.6.9.7 Fatigue Limit State Design
Requiremenis

14.5.6.9.7a General

MBJS structural members, including centerbearns,
sepport bars, connections, bolted and welded splices,
and aftachments, shall meet the fracture toughness
requirements in Article 6.6.2. Bolts subject to temsile
fatigue shall satisfy the provisions of Article 6,13.2.10.3.

MBJS structursl members, including centerbeams,
support bars, connections, bolied and welded splices,
and attachments, shall be designed for the fatigue limit
state as specified in Atlicle 6.6.1.2 and as modified and
supplemented herein.

Each delail shall satisfy:

1

A <(AF),, (14.5.6.9.72-1)

where:

Af = force effect, design live load stress range
due to the simultanecus application of
vertical and horizontal axle loads specifted
in Aniclel4.5.6.9.4 and disiributed as
specified in  Article 34.5.6.9.5, and
caleulated  as  specified  in Adlicle

achieved by treating the centerbeams and support bars ag -
a coplanar frame pinned at the ends of the support bars,

Maximum centerbeam stresses in imterior spans are
typically generated with one of the wheel loads centered
in the span. However, if the span lengths are the same,
the exterior spans {first from the curb) will typically
govern the design. In an optimum design, this exierfor
span shovld be about 10 percent less than typical interior
spamns.

The wverticai and horizontal wheel loads are
idealized as line loads along the centerlines of the
centerbeams, i.e., it is not necessary to take into account
eccentricity of the forces on the centerbeam. The
maximum reaction of the centerbeam against the support
bar i3 generated when the wheel load is centered over
the support bar, This sitiation may govem for the throat
of the centerbeam/support bar weld, for design of the
stirmup of a single-support-bar system, or for design of
the support bar.

MBIJS installed on skewed structures may require
special attention in the design process.

Cl14.5.6.9.7a

The fatigue limit siate strength of particular details
in aluminum are approximately ope-third the fatigue
limit state strength of the same details in steel and,
thersfore, aluminum is typicelly not used in MBJS.

Yield strength and fracture toughness and weld
quality have not been noted as particular prablems for
MBIS.

The design of the MBIS will typically be governed

. by the stress range at fatipue limit state critical details.

The slatic strength limit state must also be checked
according to the requirements of Article 14.5,6.9.6, but
will typically not govern the design unless the total
opening renge and the support bar span is very large.
Alternate design methods and criteria may be used if
such methods can be shown through testing and/or
analysis to yield fatigue-resisiant and safe designs. The
target reliability tevel for the fatigue limil state is 97.5
percent probability of no fatigue cracks over the lifetime
of the MBIS.

Provisions are not included for a finite life fatigne
limit state design {Fatigue 11 case as defined in Article
3.4.1). Typically, most structures that require a moduiar
expansion joint carry enough truck traffic to justify an
infinite-life fatigue Ymit state design approach (Fatipue
1 cose as defined in Article 3.4.1). Furithermore,
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14.5.6.9.7b (ksi)
(AF)sy = copstant amplitude fatigue threshold taken
from Table 6.6,1.2.5-3 for the detail
category of interest (ksi)

The fatigue detsil categories for the centerbeam-to-
support-bar connection, shop splice, field splice, or othier
critical details shall be esteblished by the fatigue testing
as required by Article 14.5.6.9.3. All other details shall
have been included in the test specimen. Details that did
not crack during the fatigue test shall be considered
noncritical. The fatigne detail categodes for noncritical
details shall be deterrined using Figure-&:6-1-2-3-1aad
Table 6.6.1.2.3-1.

Anchors and edgebeams shell be investigated for
the fatigue limit state considering the force effects from
vertical and horizontal wheel loads. Shear comnectors
and other anchors shall be designed for the fatigue limit
state to resist the vertical wheel loads according to the
provisions of Article 6.10.10.2 for the Fatigue I case
defined in Article 3.4.1. The force cffects from the
horizontal wheel loads need not be investigated for
standard welded headed anchors,

Edgebeams shall be at least 0375 in. thick
Edgebeams with standard welded headed anchors
spaced at most every 12.0 in. need not be investigated
for in-plane bending for the fatigue limit state,

uncertainty regerding the number of axles per truck and
the mumber of fatigue cycles per axle weould make a
finite life design approach difficult, and Lttle cost is
added to the MBIS by designing for infinite fatigue life.

Divdsi £ g Litsde-fatt .I'.',

ene-helfthe—fatione —threshold: The intent of this
procedure is to assure that the stress range from the
fatigee limit state load range is less than the CAFL and
thereby ensuring essentially an infinite fatigue life,
Fatipne-critical MBIS details include:

» the comnection between the centerbeams and
the support bars;

s comnection of any attachments to the
centerbeams {e.g.,, horzontal stabilizers or
outriggers); and

¢ shop and/or field splices in the centerbeains.

MBJS details can in many cases be clearly
associated with analogous details in the bridge design
specifications. In other cases, the association is not clear
and must be demonstrated through full-scale fatigue
testing.

The detail of primary concem is the connection
between the centerbeams and the support bars. A typical
full-penetration welded connection, which was shown
previously, can be associated with Caiegory C. Fillet
welded comnections have very poor fatigue resistance
znd should not be allowed.

Botted connections shonld be classified as a
Category D detail, with respect to the bending stress
range in the centerbeam. As in any construction, mote
than one bolt must be used in bolted connections.

The bolted connections in single-support-bar MBJS
usually invelve a yoke or stirmup through which the
support bar slides and/or swivels. Field-welded splices
of the centerbeamns and edgebeams are also prone to
fatigne. In new construction, it may be possible to make
a full-penetration welded splice in the field before the
joint is lowered into the blockout. However, in
reconstruction work, the joint is often installed in several
sections at a timme to maintain traffic. In these cases, the
splice must be made after the joint is instalied. Because
of the difficulty in access and position, obtaining a full-
penstration butt weld in the Held afler the jeint is
installed ay be impossible, especially if there is more
than one centerbeam. Partial-penetration splice joints
have inherently poor fatigue resistance and should not
be allowed.

Bolted splices have been used and ne cracking of
these bolted splice details has been reported. The bolted
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14.5.6.9.7b Design Stress Range

The design stress ranges, Af, at all fatigue critical
details shall be obtained from structural analyses of the
modular joint system due to the simultancous
gpplication of vertical and horizontal axle loads
specified in Article $4.5.6.9.4 14-5:55-5 and distributed
as specified in Article 14.5.6.9.5 14-5.6.0.6, The MBJS
shall be analyzed with a gap opening no smaller than the
midrange configuration and no smaller than balf of
maximum gap opening. For each detail, the structural
analysis shall include the worst-case position of the axle
load to maximize the design stress range at that
particular detail,

The nominal stress ranges, Af, shall be calculated as
to)loaus, for spacific types of MDIS:

splice plates behave like a hinge, ie, they do not take
bending moments. As a result, such detsils are subjected
only to small shear stress raoges and need mot be
explicitly designed for the fatigue limit state, However,
the hinge in the span creates greater bending moments at
the support bar connection, therefore, the span with the
field splice must be much smaller than the typicel spans
to reduce the applied stress ranges at the support bar
connection.

Thin stainless-steel slider plates are often welded
like cover plates om the support bam. The fatigue
strength of the ends of cover plates is Category E.
However, there have not been any reports of fatigue
cracks at these slider plate details in MBIS. The lack of
problems may be because the support bar bending stress
range is much lower at the location of the slider plate
ends than et the centerbeam commection, which is the
detail that typicelly governs the fatigue limit state design
of the support bar. Also, it is possible that the fatigue
strength is greater than that of conventional cover plates,
perheps because of the thinness of the slider plate.

The fatigue limit state of the support bars or
centerbeams should also be checked at the location of
welded attachments to react against the horizontal
equidistant devices. In addition to checking the
equidistant device attachments with respect to the stress
range in the support bar, there is also some bending load
in the attachment itself. The equidistant devices take part
of the horizonta] load, especially in single-support bar
systems. The horizontal load is also transferred through
friction in the bearings and springs of the centerbeam
connection. However, since this transfer is influenced by
the dynemic behavior of the MBIS, it is very difficukt to
quantify the load in the attachments.

These attachments are thoroughly tested in the
Opening Movement Vibration Test required in Article
14.5.6.9.3. if the equidistant device attachments have no
repotted problems in the Opening Movement Vibration
Test, they need not be explicitly destgned as a loaded
attachment for the fatigue limit state. If thers were a
fatigue problem with these attachments, it would be
discovered in the Opening Movement Vibration Test.

Ci4.5.6.9.7h

Since the design axle load and distribution factors
represent a “worst case”, the structural analysis for
fatigue limit state design need not represent conditions
worse than average. Therefore, for fatigue Joading, the
assuimed gap can be equal to or greater than the
ruidrange of the gap, typically 1.5 in., which is probably
close to the mean or average opening. The gap primarily
affects the support bar span,

See Article C14.5.6.9.6 for guidelmes on the
siructural analysis. MBIS installed on skewed structures
may require special attcntion in the design process. On
structures with joint skews greater than 14°, it can be
shown that the wheels at either end of an axle will not
roll over  particular centerbeam simultaneonsly. This
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+  Single-Support-Bar Systems

O Centerbeam: The design bending stress
Tange, Af, in the centerbeam 2t a critical
section adjacent to a welded or bolted
stirrup shall be the sum of the stress rapges
in the centerbeam resulting from horizontal
and vertical bending at the critical section,
The effects of stresses in any load-bearing
attachments, such as the stirrup or yoke,
need not be considered when calculating
the stress range in the centerbeam. For
bolted single-support-bar systems, siress
ranges shall be calculated on the net
section.

o Stirup: The design stress range, AF, in the
stirup or yoke shall consider the force
effects of the vertical reaction force range
between the centerbeamm and support bar.
The stress renge shall be calculated by
assuming a load range in the stirrup that is
greater than or equaj to 30 percent of the
total vertical reaction force range. The
calculation of the design stress range in the
stimup or yoke need not congider the
effects of stresses. in the centerbeam. The
effects of horizontal loads may be
neglected in the fatipue limit state design
of the stirrup,

s Welded Multiple-Support-Bar Systems

O (Centerbeam Weld Toe Cracking, i.e., Type
A Cracking: The design stress range, Af,
for Type A cracking shall include the
concurrent  effects of vertical and
horizontal bending stress ranges in the
centerbean1, Sps, and the vertical stress
ranges in the top of the weld, Sgz, a5 shown
in Figore 1. The design stress range for
Type A cracking shall be determined as:

o =S+ 5 (14.5.6.9.7b-1)
in which:
oMy My (145.6.9.7b-2)
Sn:ﬂ' S]'cb
§p = Hor , B (14.5.6.9.75-3)
Sll’mp AH’:Hp
My =Ryd, (14.5.6.9.76-4)

asymmetric loading could significantly affect the siress
range et fatigue sensitive details, either favorably or
adversely. Nevertheless, a skewed centerbeam span is
subjected to a range of moments that includes the
negative moment from the wheel in the adjoining span,
followed or preceded by the positive moment from the
wheel in the span.

The stress states at the potential crack locations in
these connections are multiaxial and very complicated.
Simplified assumptions are used to derive the design
stress range at the details of interest for common types
of MBIS. Experience has shown that these simplified
sssurnptions are sufficient provided that the same
assumptions are applied in calculating the applied stress
range for plotting the fatigue fest data from which the
design detail catepory was determined.

The design stress range should be estimated at a
critical section at the weld toe. For example, Figure Cl
shows a typical moment diagram for the support ber
showing the critical section. The support bar design
bending stress range is a result of the sum of the bending
moment created by the applied centerbeam reaction and
the additional overturning moment developed by the
horizonts] force applied at the top of the centerbeam.

Figure C14.5.6.9.7b-1 Typical Moment Diagram for a
Support Bar.

It is conservative to estinate the moments at the
centerline of the centerbeam as shown.

For all details except the welded-multiple-support-
bar centerbeam to support bar comnection, the design
siress range can be celculated using the design moment
at the location of interest. Special equations for
calculating the stress range are provided for welded
mmultiple-support-bar MBIS. These special equations are
based on cracking that has been observed in fatigue tests
of welded multiple-support-bar MBIS. For the case of
welded multiple-support bar centerbeam to suppori bar
connections, the design stress range is obtained by
taking the square root of the sum of the squares of the
horizobtal stress ranges in the centerbeam or support bar
and vertical stress ranges in the weld. Note this method
of combining the stresses ignores the contribution of
shear stresses in the region. Shear stregses are ignored in
this procedure since they are typically small and very
difficult to determine accurately. More details are
provided in Dexter et al. (997). December 2008
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Figure 14.5.6.9.7b-1 Force Effects Associated with Type A
Cracklng.

o Support Bar Weld Toe Cracking, i.e., Type
B Cracking: The design stress range, Af, for
Type B cracking shall include the concurrent
effects of vertical bending stress ranges in
the support bar, Szs, and the vertical siress
ranges in bottom of the weld, Sz, as shown
in Figure 2. The design stress range, Af, for
Type B cracking shall be determined as:

Af = ,/S,; +8,5° (14.5.6.9.7b-5)

in which:
R [d thobad ]
1 “eb w T
Sy = e ] 2 (14.5.6.9.75-6)
erﬁ 2 S/f.rb

_R,(d,+h) R,

Sz = + (14.5.6.9.7b-7)
SFM AB'bm

where:

Sra = bending stress range in the support bar due
to maximum moment including moment
from vertical reaction and overturning at the
connection (ksi)

My = component of vertical bending moment
range in the support bar due to the vertical
reaction force range in the connection
tocated on the critical section at the weld toe
{lip-in.}

Sves = vericul section modulus of the support bar to
the top of the support bar (in.*)

fy = height of the weld (in.)
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Q‘.l:ﬁ =

Spz =

8 Wha

Aprar =

depth of the support bar {in.)

vertical sirgss range in the bottom of the
centerbeam-to-support-bar weld from the
vertical and horizontal reaction force ranges
in the connection {ksi)

section madulus of the weld at the bottom
for bending in the direction of the support

bar axis (in.*)

area of weld at the bottorn (in.2)

Figure 14.5.6.9.7b-2 Force Effects Associated with Type B

Cracking.

a]

where:

Sll"mid

A Winsdd

Cracking Through the Throat of the Weld,
Le., Type C Cracking: The design stress
range, Af, for Type C cracking is the vertical
stress, range, Sgz, at the most narrow cross-
section of the centerbeam-to-support-bar
weld from the vertical and horizontal
reaction force ranges in the connection, as
shown in Figure 3. The desjgn stress range,
Af, for Type C cracking shall be determined
as:

1
Ryl d, +—~fzw)
Af= Ry . H( 2] 2

Am-u'a‘ SW'mIﬂ"

(14.5.6.9.7b-8)

section modulus of the weld at the mast
narrow cross-section for bending in the
direction nonnal to the centerbeam axis {in.”)

- . N - 1.
minimum cross-sectional area of weld (in,”)
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)R,u/

Wreld Metal

Nolc: Strem Blocks sre
Shomn Exspgernied

Figure 14.5.6.9.7b-3 Force Effects Associated with Type C
Cracking.

14.6 REQUIREMENTS FOR BEARINGS
14.6.1 General

Bearings may be fixed or movable as required for the
bridge design. Movable bearings may include guides to
control the direction of transletion. Fixed and puided
bearings shall be designed to resist ali appropriate loads
and restrain unwanted translation.

Unless otherwise noted, the resistance factor for
bearings, ¢, shall be taken as 1.0.

Bearings subject to net uplift at any Hmit state shall be
secured by tie-downs or anchorages.

The magnitude and direction of movements and the
loads to be used in the design of the bearing shall be
clearly defined in the contract documents.

Combinations of different types of fixed or movable
bearings should not be used at the same expansion joint,
bent, or pier, unless the effects of differing deflection and
rotation characteristics on the bearings and the structure
are accounted for in the design.

Multirotational bearings conforming to the provisions
of this Section should not be used where vertical loads are
less than 20 percent of the vertical bearing capacity.

All bearings shall be evaluated for component and
connection strength and bearing stability.

Where two bearings are used at a support of box
girders, the vertical reactions shoutd be computed with
consideration of torque resisted by the pair of bearings.

Cl4.6.1

Bearings support relatively large loads while
accommodating large translation or rotations.

The behavior of bearings is quite variable, and there is
very little experimental evidence to precisely define ¢ for
each limit state. ¢ is taken to be equal to 1.0 in many parts
of Article 14.6 where a more refined estimate is not
warranted. The resistance factors are often embedded in
the design equations and based on judgment and
gxperience, but they are generally thought to be
conservative.

Differing deflection and rotational charaeteristics may
result in damage to the bearings and/or structure.

Bearings loaded to less than 20 percent of their
vertical capacity require special design (FHWA, 1991).

Bearings can provide a certain degree of horizontal
load resistance by limiting the radius of the spherical
surface. However, the ability to resist horizontal loads isa
function of the vertical reacticn on the bearing, which
could drop during earthquakes or gther extreme event
loadings. In general, bearings are not recommended for
horizontal to vertical load ratios of uver 40 percent uniess
the bearings are intended to act as fuses or irreparable
damage is pennitted.
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14.6.2 Characteristics

The beering cbosen for a particular application shall
have appropriate load and movement capabilities. Table 1
and Figure 1 may be used as a guide when comparing the
different bearing systems.

The following terminology shall apply to Table 1z

= Suitable
= -Unsuitable

Suitable for limited applications

A/ & o w
I

= May be suitable, but requires special
considerations or additional elemnents such as
sliders or guideways

Long. = Longitudinal axis

il

Trans. Transverse axis

Vert. = Vertical axis

Table 14.6.2-1 Bearing Sultability.

C14.6.2

Practical bearings will often combine more than one
function to achieve the desired results. For example, a pot
bearing may be combined with a PTFE sliding surface to
permit translation and rotation,

" Information in Table 1 is based on general judgment
and observation, and there will obviously be some
exceptions. Bearings listed as suitable for a specific
application are likely to be suitable with little or no effort
on the part of the Engineer other than good design and
detailing practice. Bearings listed as unsuitable are likely
to be'marginal, even if the Engineer makes extraordinary
efforts to make the bearing work properly. Bearings listed
as suitable for limited application may work if the load and
rotation requirements are not excessive.

All bearing types are shown for completeness,
although all bearing types may not be permitted by
all Owners,

Rotation about Bridge
Movement Axis Indicated Resistance to Loads
Type of Bearing Long. | Trans. | Long. | Trans. | Vert. | Long. | Trans. | Vert.

Plain Blastorneric Pad S S S 8 L L L L
Fiberglass-Reinforced Pad S S S S L L L L
Cotton-Duck-Reinforced Pad U U U U u L L 8
Steel-Reinforced Elastomeric Bearing 3 S 8 5 L L L S
Plane Sliding Bearing S S u U S R R S
Curved Sliding Spherical Bearing R R 8 | S S R R S
Curved Sliding Cylindrical Bearing R R U S U R R S
Disc Bearing R R 5 5 | L S S 5
Double Cylindrical Bearing R R S ] U R R 8
Pot Bearing R R 3 S L S 8 S
Rocker Bearing S U U S 3] R R S
Kmickle Pinned Bearing U U U S U S R s
Single Roller Bearing B U U S u u R S
Multiple Rolicr Bearing S U U U U U U S
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Low Frictian
Sliding Surfacs

Low Frictlon
Sliding Surfuce7

CYLINDRICAL SPHERICAL
BEARING BEARING

Plston

Elastomerle Digk ~—

Rubber Layar Relnforcament

ELASTOMERIC BEARING

ROCKER
BEARING

Figure 14.6.2-1 Common Bearing Types.

14.6.3 Force Effects Resulting from Restraint of
Meovement at the Bearing

14.6.3.1 Horizontai Force and Movement

Horizontal forces and moments induced in the bridge
by restraint of movement at the bearings shall be
determined using the movements and bearing
characteristics specified in Article 14.7. For bearings with
glastomeric elements. these characteristics should include,
but are not limited to, the consideration of increased shear
modulus, G, at temperatures below 73°F.

Expansion bearings and their supports shall be
designed in a manner such that the structure can undergo
movements to accommodate the seismic and other extreme
event displacement determined using the provisions in
Section 3 without collapse. Adequate support length shall
be provided for alf bearings in accordance with
Adicle 4.7.44.

The Engineer shall determine the number of bearings
required to resist the loads specified in Section 3 with
consideration of the potential for unequal participation due
to tolerances, unintended misalignments, the capacity of
the individual bearings, and the skew.

Consideration should be given to the use of field
adjustable elements to provide neer simultaneous
enpgagement of the intended number of bearings.

C14.6.3.1

Restraint of movement results in a corresponding
force or moment in the structure. These force effects
should be calculated taking into account the stiffness of the
bridge and the bearings. The tatter should be estimated by
the methods outlined in Article 14.7. In some cases, the
bearing stiffness depends on time and temperature, as well
as on the movemment. For example, the designer should take
note that in cold temperatures which approach the
appropriate minimum specified zone temperatures, the
shear modulus, G, of an elastomer may be as much as four
times that et 73°F. See Article 14.7.5.2 and AASHTO
M 251 for more information,

Expansion bearings should allow sufficient movemnent
in their unrestrained direction to prevent premature failure
due to seismic and other extreme event displacements.

Often, bearings do not resist toad simuftaneously, and
damage to only some of the bearings at one end of a span
is not uncommon. When this occurs, high load
concentrations can result at the location of the undamaged
bearings, which should be taken into account. The number
of bearings engaged sheuld be based on type, design, and
detailing of the bearings used, and on the bridge skew.
Skew angles uuder 15° are usually ignored. Skew angles
over 30° are usnally considered significant and need to be
considered in analysis. Skewed bridges have a tendency to
rotate under seismic loading, and bearings should be
designed and detailed to accommodate this effect.

December 2008



SECTION 14: JOINTS AND BEARINGS
CALIFORNIA AMENDMENTS 10 AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS - Fot'rru EpITioN

At the strength and extreme event limit states,
horizontal forces transmitied to_the superstructure and
substructure by bearings, H,,. shall be taken as those
induced by sliding friction, rolling friction, or shear
deformation of a flexible element in the bearing.

Sliding friction force shall be taken as:

H, =yF, (14.6.3.1-1)
where:
Hy, = lateral load transmitted to the superstructure and

substructure by bearings from applicable strength

and exireme event load combinations in
Table 3.4.1-1 (dp)

= coeflicient of friction
P, = compressive force from applicable strength and
extreme event load combinations in Table 3.4.1-1
(kip)

The force due to the deformation of an elastomeric
element shall be taken as:

H, = GA%- (14.63.1-2)

where:

G = shear modulus of the elastomer (ksi)

A = planarea of elastomeric element or bearing (in.%)

A, = shear deformation from applicable strength and
exireme event load combinations in Table 3.4.1-1
(in)

h, = total elastomer thickness (in.)

Strength and extreme event limit states rolling forces
shall be determined by testing.

14.6.3.2 Moment

At the strength and extreme event limit states, both
the substructure and superstructure shall be designed for
the largest moment, M, transferred by the bearing.

For curved sliding bearings without 2 companion flat
sliding surface, M, shall be taken as:
M, =uPR (14.6.3.2-1)

For curved sliding bearings with 2 compauion flat
sliding surface, M, shall be taken as:

M, =20PR (14.6.3.2-2)

14-38A

Horizontal forces transmitted to other bridge elements
by bearines do not include forces associated with_the
deformations of stiff bearing elements or hard metal-on-
metal contact of bearing components because provisions in
Adicle 14.7 are intended to avoid such contact.

Maximum exireine event limit state forces should be

considered when the bearing is not intended to act as a
fuse or irreparable damage is not permitted,

Special consideration should be given to bearings that
support large horizontal loads relative to the vertical load
{(SCEF, 1991).

Eqg. 1 is a function of vertical forces and friction, and
is a measure of the maximum horizontal force which could
be transmitted to the superstructure or substructure before
slip occurs. Eq. 2 is also a measure of the maximum
transmitted_horizontal force. but is dependant primarily
upon the shear modulus {stiffness) of the_elastomer and

anplied lateral forces such as braking,

Cl14.6.3.2

Maximum extreme event Jimit state forces should be

considered when the bearing is not intended tg act ag a
fuse or irreparable damage is not permitted.

The tangential force in curved sliding bearingg is
caused by friction resistance at the curved surface, and it
acts about the center of the curved surface. M, is the
moment due to this force that is transmitted by the bearing.
The moment imposed on individual comnponents of the
bridge structure may be different from M, depending on
the location of the axis of rotation and can be calculated by
a rational method.
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where:

M, = moment transmitted to the superstructure and
substructure by bearings from applicable strength
and extreme event load combinations in
Table 3.4.1-1 (kip~in.)

R = radius of curved sliding surface (in.)

For unconfined elastomeric bearings and pads, M,
shall be taken as:

]
M, = I.GO(O.SEJ)-’?L (14.6.3.2-3)
where:
I = momentof inertia of plan shape of bearing (in.*)
E. = effective modulus of elastomeric bearing in
compression (ksi)
8, = maximum_service limit state design rotation
angle specified in Article 14.4.2.1 (rad.)
hy = total elastomer thickness (in.)

For CDP., M, shall be taken as:

EJI
M, =125(45-225+0.60,)}——6,  (14.63.24)
i

P

where:

E

]

uniaxial compressive gtiffness of the CDP
bearing pad. It may be taken as 30 ksi in lieu of

pad-specific tegt dara (ksi)
total thickness of CDP pad (in.)

shape factor of the CDP pad computed based on
Eg.14.7.5.1-1 and based con total pad thickness

i

g—;

Ti

averape compressive stress due to_total load
associated with the maximum rotation from

applicable service load combinations in

Table 3.4.1-1 (ksi)

maximum rotation of the CDP _pad from
applicable service load combinations in
Tzbie 3.4.1-1 {rad.)

fl=x
[l

The load-deflection curve of an elastomeric bearing is
nonlinear, so E, is ioad dependent. One acceptable
approximation for the effective modulus is:

E =6GS’ (C14.6.13.2-1)
where:
§ = shape factor of an individual elastomer laver

G

shear modulus of the elastomer {ksi)

The factor 1.60 in Eq. 3 is an everage multiplier on
total load on the bearing to estirate g strenpth limit state
load, M,, based on a service limit state rotation, 6,.

The factor 1.25 in Eq. 4 js a multiplier on total load op
the bearing to estimate a strength limit state load, M,
besed on a service limit state rotation. 8,, and stress. o,.

The rotational stiffness. X, of CDP is provided by:

K= (4.5-2.2S+o.6a,)3 o
!

F

{C14.6.3.2-2)

The moment, M, may be crucial for the design of
CDP. hecause movable CDP are normally designed with

PTFE sliding surfaces to develop the translational
movement capacity. M, in the bearing pad results in edge
bearing stress on the PTFE in addition to the average
compressive stress. The PTFE on CDP pads is unconfined,
and this moment may limit the bearing stress on the PTFE

to a stress somewhat smaller than permitted on the CDP
alone,
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14.6,4 Fabrication, Installation, Testing, and
Shipping

The provisions for fabrication, insiaflation, testing,
and shipping of bearings, specified in Section [ 8, “Bearing
Devices,” of the AASHTO LRFD Bridge Construction
Specifications, shall apply.

The setting temperture of the bridge or any
component thereof shajl be taken as the actual air
temperature averaged over the 24-hour period immediately
preceding the setting event.

14,6.5 Seismic and Qther Extreme Event Provisions
for Bearings

14.6.5.1 General

This Article shall apply to the analysis, design and
detailing of bearings to accommeodate the effects of
earthgquakes and. 23 appropriate, other exireme events for
which the horizontal loading component is very large.

These provisions shall be applied in addition to all
other applicable code requirements. The bearing-type
selection shall conmsider the criteria described in
Article 14.6.5.3 in the early stages of design.

14.6.5.2 Applicability

These provisions shall apply to pin, roller, rocker,
and bronze or copper-alloy sliding bearings, elastomeric
bearings, spherical bearings, and pot and disc bearings in
common slab-on-girder bridges but not to isoletion-type
bearings or structural fuse hearings designed primarily
for the effects of extreme event dynamic horizontal
loadings.

Although the strategy taken herein assumes that
inelastic action is confined to properly detailed hinge areas
in substructureg, altemative concepts that utilize
movement at the bearings to dissipate extreme event
horizontal and/or vertical forces may also be considerad.
Where alternate strategies may be used, al! ramifications
of the increased movements and the predictability of the
associated forces and transfer of forces shall be considered
in the design and details.

C14.64

Some junisdictions have provided additional guidance
beyond that provided in the 44ASHTO LRFD Bridge
Construction Specifications with respect to the fabrication,
instatlation, testing, and shipping of multirotational-type
bearings (SCEF, 1991,

Setting temperature is used in installing expansion
bearings.

An offset chart for girder erection and elignment of
the bearings is recommended to account for unceriainty in
the setting temperature at the time of design. Offset charts
should be defined in appropriate increments and included
in the design drawings so that the position of the bearing
can be adjusted to account for differences between setting
temperature and an assumed design installation
temperature.

€14.6.5.1

Extreme events other than earthquakes for which the
horizontal loading cotpponent is very large include vehicle

collisions. ship collisions, and high-velgeity winds,

C14.6.5.2

Provisigns for the design, specification, testing, and

acceptance of isolation bearings are given in AASHTO
(1999).
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14.6.5.3 Design Criteria

The selection and the seismic or other extreme event

horizontal] loading design of bearings shall be related io
the strength and stiffness characteristics of both the
superstructure and the substructure,

Bearing design shall be consistent with the intended
seismic gr other ex{reme event response of the whole
bridge system.

Where rigid-type bearings are used, the seismic or
other horizonta] extreme event forces from the
superstructure shall be assumed to be transmitted through
diaphragms or cross-frames and their connections to the
bearings and then te the substructure without reduction
due to local inelastie action along that load path. However
forces may be rednced in situations where the end-
diaphragms in the guperstructure have been specifically
designed and detailed for inelastic action, in eccordance
with pencrally accepted provisions ductile end-
diaphragms,

As a minimum, bearings, testraints, and anchorages
shall be designed to resist ihe Fforces specified in
Article 3.10.9,

P4-4iA

C14.6.53

The commentary provided below _specifically
addresses seismic desien considerations. However, it is

also applicable to other extreme event horizontal loadings
such as vehicle and ship collisions which are dynamic in
natire but can have a very short duration. Other exireme
gvents sach as wind or waves may require special
considerations that are not fully addressed in these
specifications for bearing design.

Bearings have a significant effect on the overll
seismic response of a bridge. They provide the seismic
load transfer link between a stiff and massive
superstructure and a stiff and massive substructure. Asa
result, very high {and difficult-to-predict) load
concentrations can occur in the bearing components, The
primary functions of the bearings are to resist the vertical
loads due to dead load and live load and to allow for
superstructure movements due o live load and temperature
changes. Allowance for translation is made by means of
rotlers, rocker, or shear deformation of an elastomer, or
through the provision of a sliding surface of bronze or
copper alloy or PTFE. Allowance for rotation is made by
hinges, confined or unconfined elastomers, or spberical
sliding surfaces. Resistance to translation is provided by
bearing components or additional restraining elements.

Historically, bearings have been very susceptible to
seismic loads. Unequal loading during seismic events and
much higher loads than anticipated have caused various
types and levels of bearing damage. To allow movements,
bearings often contain elements vulnerable to high loads
and impacts.

The performance of bearings during past earthquekes
needs to be evaluated in context with the overall
performance of the bridge and the performarnce of the
superstructure and substructure elements connected to the
bearings. Rigid bearings have been associated with
damage to the end cross-frames and the supporting pier or
abutment concrete. In some cases, bearing damage and
slippage has prevented more extensive dimage.

The criteria for seismic desipn of bearings should
consider the strength and stiffness characteristics of the
superstructure and substructure, To minimize damage, the
seismic load resisting systern made ofthe end cross-frame
or diaphragms, bearings, and substructure should allow a
certain degree of cnergy dissipation, movement, or plastic
deformation even if those effects are not quantified as they
would be for geismic isolation bearings or structural fuscs.

Based on their horizontal stiffness, bearings may be
divided into four categories:

¢« Ripid bearings that transmit seismic loads
without any movement or deformatioos;
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Elastomeric bearings having less than full rigidity, but
not designed explicitly as geismic isolators or fuses, may
be used under any circumstance. If used, they shall either
be designed to accommodate imposed seismic or other
horizontal extreme event loads, or, if survival of the
elastomeric bearing itself is not required, other means such
asrestrainers, STUs, widened support lengths, or dampers
shall be provided to prevent unseating of the
superstructure.

14.7 SPECIAL DESIGN PROVISIONS FOR
BEARINGS

14.7.1 Metal Rocker and Roller Bearings
14.7.1.1 General

The rotation axis of the bearing shall be aligned with
the axis about which the largest rotations of the supported
member occur. Provision shall be made to ensure that the
bearing alignment does not change during the life of the
bndge. Multiple roller bearings shall be connected by
gearing to ensure that individual rollers remain parallel to
cach other and at their original spacing,

Metal rocker and roller bearings shall be detailed so
that they can be easily inspected and maintained.

14-42A

s Deformable bearings that transmit seismic loads
limited by plastic deformations or restricted
slippage of bearing components;

e Seismic isolation type bearings that transmit
reduced seismic loads, limited by energy
dissipation; and,

« Structural fuses that are designed to fail at a
prescribed load,

For the deformable-type bearing, limited and
reparable bearing demage and displacement may be
allowed for the desipn earthquake.

When both the superstructure and the substructure
components adjacent to the bearing are very stiff, a
deformable-type bearing should be considered.

Seismic isolation-type bearings are not within the
scope of these provisions, but they should also be
considered.

Elastomeric bearings have been demonstrated to result
in reduced force transmission to substructure,

A bearing may also be designed to act as a “structural
fuse™ that will fail at a predetermined load changing the
articulation of the structure, possibly changing ils period
and hence seismic response, and probably resulting in
increased movemnents. This strategy is permitted as an
alternative to these provisions under Article 14.6.5.2. Such
an altemative would require full considerstion of forces
and movemnents and of bearing repair/replacement details.
It 2lso requires the designer to address the inherent
difficulty of detailing a structural element to fail reliably at
predetermined load.

C14.7.1.1

Cylindrical bearings contain no deformable parts and
are susceptible to damnage if the supersiructure rotates
about an axis perpendicular to the axis of the bearing.
Thus, they are unsuitable for bridges in which the axis of
rotation may vary significantly under different situations,
such as bridges with a large skew. They are also unsuitable
for use in seismic regions because the transverse shear
caused by earthquake loading can cause substantial
overtuming moment.
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Rockers should be avoided wherever practical and,
when used, their movements and teodency to tip under
seismic actions shall be considered in the design and
details,

14.7.1.2 Materials

Racker and roller bearings shall be made of stainless
steel conforming to ASTM A 240, as specified in
Articte 64.7, or of structural steel conforming to
AASHTOM 169 (ASTM A 108), M 102 (ASTM A 668),
or M 270 (ASTM A 709), Grades 36, 50, or 50W. Material
properties of these steels shall be taken as specified in
Table 6.4.1-1 and Table 6.4.2-1.

14.7.1.3 Geometric Requirements

The dimensions of the bearing shall be chosen taking
into account both the contact stresses and the movement of
the contact point due to rolling.

Each individual curved contact surface shall have a
constant radius. Bearings with more than one curved
surface shall be symmetric about a line joining the centers
of their two curved surfaces,

H pintles or gear mechanisms are used to guide the
bearing, their peometry shouid be such as to permit free
movement of the bearing,

Bearings shall be designed to be stable. If the bearing
has two scparate cylindrical faces, each of which rollsona
flat plate, stability may be achieved by making the
distance between the two contact lines no greater than the
sum of the radii of the two cylindrical surfaces.

14.7.1.4 Contact Stresses

At the service limut state, the contact load, Py, shall
satisty:

»  For cylindrical surfaces:

Fl

(14.7.1.4-1)

b,

s  For spherical surfaces:

Good maintenance is essential if mechanical bearings
are to perform properly. Dirt attracts and holds moistore,
which, combined with high local contact stresses, can
promote stress corrosion. Metal bearings, in particular,
must be designed for sasy maintenance,

Rockers can be suitable for applications in which the
horizontal movement of the superstructure, relative to the
substructure, is well within the available movement renge
after consideration of other epplicable movemenls.

Cl14.7.1.2

Carbon steel has been the traditional steel used in
mechanical bearings because of its good mechanical
properties. Surface hardening may be considered.
Corrosion resistance is also important. The use of stainless
steel for the contact surfaces may prove economical when
life-cycle costs are considered. Weathering steels shouid
be used with caution as their resistance to cormosion is
often significantly reduced by mechanical wear at the
surface.

C14.7.13

The choice of radius for a curved surface is 2
compromise: a large radius results in low contact stresses
but large rotations of the point of contact and vice versa.
The latier could be important if, for example, a rotational
bearing is surmounted by a PTFE slider because the PTFE
is sensitive to eccentric loading.

A cylindrical roller is in newtral equilibriurn. The
provisions for bearings with two curved surfaces achieves
at least neutral, if not stable, equilibrium.

C14.7.1.4

’

The service limit state loads are limited so that the
contact causes calculated shear stresses no higher than
0.55 F,, or surface compression stresses no higher than 1,65
F. The maximum compressive stress is at the surface, and
the maximum shear stress occurs just below it.

The formmlas werte derived from the theoretical value
for contact stress between elastic bodies (Reark and
Young, 1976). They are based on the assumption that the
width of the contact area is much less than the diameter of
the curved surface,

If two surfaces have curves of the opposite gign, the
value of I, is negative. This would be an unusual situation
in bridge bearings.
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where:
D1 =

D;=

14444

2

: D
P <40 —1— ] - L. 14.7.1.4-2
o (142
D,

the diameter of the rocker or roller surface (in.)

diemeter of the mating surface (in.) taken as:
Positive if the curvatures have the same sign, and
Infinite if the mating surface is flat.

specified minimum yield strength of the weakest
steel at the contact surface (ksi)

Young's modulus for steel (ksi}

width of the bearing (in.)

Eqs. T and 2 sre more restrictive than similar
provisions for line bearing and contact stresses in the
AASHTO Standard Specifications. The more conservative
design was adopted herein due to the preblematic history
of some bearings which, in some cages, may be related to
small zones of yielding in the bearing or base plate. The
increased conservatism is not difficult to handle in new
design, but may be a problem in rehabilitation. If careful
inspection indicates that existing bearings which do not
satisfy these provisions are performing well and there is no
evidence of rutting or ridging, which may be evidence of
local yielding, then reuse of the bearing may be viable.
Evaluation may proceed using the following historical
provision:

Bearing per linear in. on expansion rockers and rollers
at the service limit state shall not exceed the values
obtained by the following formulas:

Diameters up to 25.0 in.

F’_B(o.ed)

20 (C14.7.1.4-1)

p:

Diameters 25.0 to 125.0 in.

F,-13
p==—"3Jd
20 (C14.7.1.4-2)

where:
p = allowable bearing at the service limit state

(kip/in.)
d = diameter of rocker or roller (in.}
F, = specified minimum yield strength of the weakest

steel at the contact surface (ksi)

If loads are increased significantly by the rehabilitation,
complying with the current provisions may be more
appropriate.

The two diameters have the same sign if the centers of
the two curved surfaces in contact are on the same side of
the contact surface, such as is the case when a circular
shaft fits in a circular hole.
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14.7.2 PTFE Sliding Surfaces

PTFE may be used in sliding surfaces of bridge
bearings to accommodate translation or rotation. Afl PTFE
surfaces other than guides shall satisfy the requirements
specified herein. Curved PTFE surfaces shall also satisfy
Article 14.7.3.

14.7.2.1 PTFE Surface

The PTFE surface shall be made from pure virgin
PTFE resin satisfying the requirements of ASTM D 4894
or D 4895, It shall be fabricated as unfilled sheet, filled
sheet, or fabric woven from PTFE and other fibers.

Unfilled sheets shall be made from PTFE resin alone.
Filled sheets shall be made from PTFE resin uniformly
blended with glass fibers, carbon fibers, or other
chemically inert filler. The filler content shall not exceed
15 percent for glass fibers end 25 percent for carbon
fibers.

Sheet PTFE may contain dimples to act 23 reservoirs
for lubricent. Unlubricated PTFE may also contain
dimples, Their diameter shall not exceed 0.32 in. at the
surface of the PTFE, and their depth shall be not Iess than
0.08 in. and not more (han half the tbickness of the PTFE.
The reservoirs shall be uniformly distributed over the
surface aree and shall cover more than 20 percent but less
than 30 percent of the contact surface, Dimples should not
be placed to intersect the edge of the contact area.
Lubricant shall be silicone grease, which satisfies Military
Specification MIL-5-8660,

Woven fiber PTFE shall be made from pure PTFE
fibers. Reinforced woven fiber PTFE shall be made by
interweaving high-strength fibers, such as glass, with the
PTFE in such a way that the reinforcing fibers do not
appear on the sliding face of the finished fabric.

14.7.2.2 Mating Surface

The PTFE shall be used in conjunction with a mating
surface. Flat mating surfaces shall be stainless steel, and
curved mating surfaces shall be stainless steel or anodized
aluminum. Flat surfaces shall be stainless steel, Type 304,
conforming to ASTM A 167/A 264, and shall be provided
with a surface finish of 8.0 y-in. RMS or better. Finishes
on curved metallic surfaces shall not exceed 16.0 p-in.
RMS. The mating surface shall be large enough to cover
the PTFE at all times.

C14.7.2

PTFE, is also known as TFE and is commonly used in
bridge bearings in the United States. This Article does not
cover guides. The friction requirements for guides are less
stringent, and a wider variety of materials and fabrication
methods can be used for them.

Cid72.1

PTFE may be provided in sheets or in mats woven
from fibers. The sheets may be filled wilh reinforcing
fibers to reduce creep, i.e., cold flow, and wear, or they
may be made from pure resin. The fction coefficient
depends on many factors, such as sliding speed, contact
pressure, lubrication, temperature, and properties such as
the fimsh of the mating surface (Campbell and Kong,
1987). The material properties that influence the friction
coefficient are not well understood, but the crystalline
structure of the PTFE is known to be important, and it is
strongly affected by the quality control exercised during
the manufacturing process.

Unfilled dimples can aci as reservoirs for
contaminants (dust, etc.) which can help to keep these
contaminants from the contact surface.

Ci4.7.2.2

Stainless steel is the most commonly used mating
surface for PTFE siiding surfaces. Anodized aluminum has
been sometimes used in spherical and cylindrical bearings
produced in other countries and may be considered if
documentation of experience, acceplabie to the Owner, is
provided. The finish of this mating surface is extremely
important because it affects the coefficient of fricticn.
ASTM A 240, Type 304, stainless steel, with a surface
finish of 16.0 p-in. RMS or better, is appropriate, but the
surface measurements are inherently juexact, and hence it
is not a specified alternative, Friction testing is required for
the PTFE and its mating surface because of the many
variables involved.
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14.7.2.3 Minimum Thickness
14.7.23.1 PTFE

For ali applicetions, the thickness of the PTFE shall
be at least 0.0625 in. after compression. Recessed sheet
PTFE shall be at least 0.1875 in. thick when the maximum
dimension of the PTFE is less than or equal to 24.0 in,,
end (.25 in. when the maximum dimension of the PTFE is
greater than 24.0 in. Woven fabric PTFE, which is
mechanically interlocked over a metallic substrate, shall
have a minirmum thickness of 0.0625 in. and a maximum
thickness of 0.125in. over the highest point of the
substrate.

14.7.2.3.2 Siainless Steel Mating Surfaces

The thickness of the stainless steel mating surface
shall be at least 16 gage when the maximum dimension of
the surface is less than or equal to 12.0 in, and at least 13
gage when the maximum dimension js farger than 12.0 in.

Backing plate requirements shall be taken as specified
ia Article 14.7.2.6.2.

14.7.2.4 Contact Pressure

The contact stress between the PTFE and the mating
surface shall be determined at the service Hmit state using
the nominal area.

The average contact stress shall be computed by
dividing the load by the projection of the contact area on a
plane perpendicular to the direction of the load. The
contact stress at the edge shell be determined by taking
inlo account the maximum rmoment transferred by the
bearing assuming a linear distribution of stress across the
PTEE.

Stresses shall not exceed those given m Table L.
Permissible stresses for intermediate filler contents shall
be obtained by linear interpolation within Table 1.

Cl4.7.2.3.1

A minimum thickness is specified to ensure uniform
bearing and to allow for wear.

During the first few cycles of movement, small
amounts of PTFE transfer to the mating surface and
contribute to the very low fiiction achieved subsequently.
This wear ig acceptable and desirable.

PTFE continues to wear with time (Campbell and Kong,
1987y and movement; wear is exacerbated by deteriorated or
rough surfaces, Wear is undesirable because it usually causes
higher friction and reduces the thickness of the remeining
PTFE. Unlubricated, flat PTFE wears more severely than the
lubricated material. The evidence on the rate of wear is
tentative. High travel speeds, such as those associated with
traffic movements, appear to be more damaging than the
slow ones due to thermal movements. However, they may be
avoided by plecing the sliding surface on an elastomeric
bearing that will absorb small longitudinal movernents. No
further allowance for wear is made in this Specification due
to the limited research available to quantify or estimate the
wear as a function of e and travel. However, wear may
ultirately cause the need for replacement of the PTFE, so it
is wise to allow for future replacement in the original design.

Ci4.7.23.2

The minimum thickness requirements for the mating
surface are intended to prevent it from wrinkling or
buckling. This surface material is usually guite thin to
minimize cost of the highly finished mating surface, Some
mating surfaces, particularly those with curved surfaces,
ere made of carbon steel on which a staintess stee{ weld is
deposiled. This weided surface is then finished and
polished to achieve the desired finish. Some jurisdictions
require a iminimum thickness of 0.094 in, for welded
overley after grinding and polishing.

C14.7.24

The average contact stress shall be determined by
dividing the load by the projection of the contact area onte
a plane perpendicular te the direction of the load. The edge
contact stress shall be determined based on the service
limit state load and the meximum service limit state
moment transferred by the bearing.

The contact pressure must be limited to prevent
excessive creep or plastic flow of the PTFE, which causes
the PTFE disc to expand laterally under compressive stress
and may contribute to separation or bond failure. The
lateral expansion is controlled by recessing the PTFE inte a
stee! plate or by reinforcing the PTFE, but there are
adverse consequences associated with both methods.
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Edge loading may be particularly detrimental because it
causes large stress and potential flow in a local area near
the edge of the material in hard contact between steel
surfaces. The average and edge contact pressure in Table
are in appropriate proportions to one another relative to the
currently available research. Better data may become
available in the future, These are in the lower range of
those used in Europe.

Table 14.7.2.4-1 Maximum Centact Stress for PTFE at the Service Limit State (ksi).

Average Contact Stress (ksi) | Edge Contact Stress (ksi
Permanent Permanent
Material Loads All Loads Loads All Loads
Urconfined PTFE:
Unfilled Sheets 1.5 2.5 2.0 3.0
Filled Sheets with
Maximum Filler Content 3.0 4.5 3.5 53
Confined Sheet PTFE 3.0 4.5 3.5 5.5
Woven PTFE Fiber overa
Metallic Substrate 3.0 4.5 3.5 5.5
Reinforced Woven PTFE
over a Metallic Substrate 4.0 5.5 4.5 7.0
14.7.2.5 Coefficient of Friction C14.7.2.5

The service limit design coefficient of friction of the
PTFE sliding surface shall be taken as specified in Table 1.
Intermediate values may be determined by interpolation.
The coefficient of friction shall be determined by using the
stress level associated with the applicable load
combination specified in Table 3.4.1-1. Lesser values may
be used if verified by tests.

Where friction is required to resist nonseismic loads,
the design coefficient of friction under dynamic leading
may be taken as not more than ten percent of the values
listed in Table 1 for the bearing stress and PTFE type
indicated.

The coefficients of friction in Table 1 are based on a
8.0 p-in. fmish mating surface, Coefficients of friction for
rougher surface finishes must be established by test resnlts
in accordance with the AASHTO LRFD Bridge
Construction Specifications, Chapter 18.

The contract documents shall require certification
testing from the preduction lot of PTFE to ensure thet the
friction actually achieved in the bearing is appropriate for
the bearing design.

The friction factor decresses with fubrication and
increasing conlact stress but increases with sliding velocity
{Campbell and Kong, 1987). The coeflicient of friction
glso tends to increase at low temperatures. Static friction is
larger than dynamic friction, and the dynamic coefficient
of friction is larger for the first cycle of movement than it
is for later cycles. Friction increases with increasing
roughness of the mating gsurface and decreasing
temperature. The friction factors used in the earlier
editions of the AASHTO Standard Specifications are
suitable for use with dimpled, lubricated PTFE. They are
too small for the flat, dry PTFE commonly used in the
United States. These Specifications have been changed to
recognize this fact. Nearly all research to date has been
performed on dimpled, lubricated PTFE. The coefficients
of friction given in Table 1 are not applicable to high-
velocity movements such as those occurring in seismic
events. Seismic velocity coefficients of friction must be
determined in sccordance with the AASHTO Guide
Specifications for Seismic Isolation Design. Coefficients of
friction, somewhat smaller than those given in Table I, are
possible with care and quality control.
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Cestification testing from the production lot is
essential for PTFE sliding surfaces primarily to ensure that
the friction actually achieved in the bearing is appropriate
for the bearing design. Testing is the only reliable method
for certifying the coefficient of friction and bearing
behavior.

Contamination of the sliding surface with dirt and dust
increases the coefficient of friction and increases the wear
of the PTFE. To prevent contarmination, the bearing should
be sealed by the manufacturer and not seperated at the
construction site. To prevent contamination and gouging of
the PTFE, the stainless steel should normaily be on top and
should be larger than the PTFE, plus its maximum travel.

Woven PTFE is sometimes formed by weaving pure
PTFE strands with a reinforcing matenial. These
reinforcing strands may increage the resistance to Creep
and cold flow and can be woven so that reinforcing strands
do not appear on the sliding surface. This separation is
necessary if the coefficients of friction provided in Table 1
are to be used.

If there is no lubricant in the dimples, the dimples tend
to flatten out filling the dimples, resulting in a surface
much like unfilled PTFE.

Table 14.7.2.5-1 Design Coefflclents of Friction—Service Limit State.

Pressure Coefficient of Friction
(ksi) 0.5 1.0 2.0 >3.0
Type PTFE Temperature
CF)
Dimpled Lubricated 68 | 0.04 0.030 0.025 0.020
-13 0.06 0.045 0.040 0.030
-49 0.10 0.075 0.060 0.050
Unfilled or Dimpled 68 0.08 0.079 0.050 0.030
Unlubriceted -13 0.20 0.180 0.130 0.100
—49 .20 0.180 0.130 0.100
Filled 68 0.24 0.170 6.090 0.060
-13 0.44 0.320 0.250 0.200
~49 0.65 0.550 0.450 0.350
Woven 68 0.08 0.070 0.060 0.043
-13 0.20 0.180 0.130 0.100
-49 0.20 0.180 0.130 0.100
14.7.2.6 Attachment
14.7.2.6.] PTFE Cid.7.2.6.]

Sheet PTFE confined in a recess in a rigid metal
backing plate for one-half its thickness may be bonded or
unbended.

Sheet PTFE that is not confined shall be bonded to a
metal surface or an elastomerc layer with a Shore A
durometer hardness of at least 90 by an approved method.

Woven PTFE on a metallic substrate shalt be attached
to the metallic substrate by mechanical interlocking that
can resist a shear force no fess than 0.10 times the applied
compressive force.

Recessing is the most effective way of preventing creep
in unfilled PTFE, The PTFE discs may also be bonded into
the recess, but this is optional and the benefits are debatable.
Bonding helps to retain the PTFE in the recess during the
service life of the bridge, but it makes replacement of the
disc more difficult. If the adhesive is not applied uniformty it
can cause an uneven PTFE sliding snrface that could lead to
premature wear. Some mannfacturers cut the PTEE slightly
oversize and pre-cool it before installation because this
results in a tighter fit at room temperature.
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14.7.2.6.2 Mating Surface

The mating surface for flat sliding surfaces shall be
attached to a backing plate by welding in such a way that it
remaing flat and in full contact with its backing plate
thronghout its service life. The weld shall be detailed to
form an effective moisture seal around the entire perimeter
of the mating surface to prevent interface corrosion. The
attachment shall be capable of resisting the maximum
friction force that can be developed by the bearing under
service limit state load combinations. The welds used for
the attachment shall be clear of the contact and sliding area
of the PTFE surface.

14.7.3 Bearings with Curved Sliding Surfaces
14.73.1 General

Bearings with curved sliding surfaces shall consist of
two metal parts with matching curved surfaces and a low
friction sliding interface. The curved surfaces may be
either cylindrical or spherical. The material properties,
characteristics, and frictional properties of the sliding
interface shall satisfy the requirements specified in
Articles 14.7.2 and 14.7.7.

The twe surfaces of a sliding interface shall have
equal nominal radii,

Sometimes PTFE is bonded to the top cover layer of
an clastomeric bearing. This layer should be relatively
thick and hard to avoid fippling of the PTFE (Roeder et dl.,
1987}, PTFE must be etched prior 10 epoxy bonding in
order to obtain good adhesion. However, ultra-violet light
attacks the etching and can lead to delamination, so PTFE
exposed to ultra-violet light should not be attached by
bonding alone.

C14.7.26.2

The restrictions on the attachment of the mating
surface are primarily intended to ensure that the surface is
flat and retaing uniform contact with the PTFE at all times,
without adversely affecting the friction of the surface or
gouging or cutting the PTFE.

The mating surface of curved sliding surfaces should
be rnachined to the required surface finish from a single
piece.

C14.7.3.1

These provisions are directed primarily toward
spherical or cylindrical bearings with bronze or PTFE
sliding surfaces.

Some jurisdictions require that the minimum ceoter
thickness of concave spherical surfaces be at least 0.75 in.
and that B minimwm vertical clearaoce between the
rotating and nonrotating parts be as given by Egs. Cl or
C2 but not less than 0.125 in.

*  For rectangular spherical or curved bearings:

c=0.7D0, +0.125 (C14.73.1-1)

»  For round spherical or round bearings:

c=0.5D0, +0.125 (C14.7.3.1-2)
where:
0, = design rolation from applicable strength load

combinations in Table 3.4.1-1 or Article 4.4.2.2.1
(rad)

Sirnilarly, the winimum edge thickness on the convex
surface hag sometimes beeo limited to ¢.75 in. for bearing
on concrete and 0.50 in. for bearing on steel.
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14.7.3.2 Bearing Resistance

The radius of the curved surface shall be large enough
to ensure that the tota] compressive load at the service

limit state on the horizontal projected area of the bearing,
P, is less than or equal to the average allowable load as

computed from _the service stress specified in
Articles 14.7.2.4 or 14.7.7.3.

*  For cylindrical bearings:

P seDWog (14.7.3.2-1)
¢  For spherical bearings:
TIDZ

P<p 4"“ (14.7.3.2-2)

where:

P, = iotal compressive load from apolicable service
load combinations in Table 3.4.1-1 (kip)

D = diameter of the projection of the loaded surface
of the bearing in the horizontal plane (in.)

Og — Mmaximum average contact stress at the service
limit state permitted on * PTFE by
Table 14.724-1 or on  bromze by
Table 14.7.7.3-1 {ksi)

W = length of cylinder (in.)

¢ = resistance factor taken as 1.0

14.7.3.3 Resistance to Lateral Load

Where bearings are required to resist horizontal loads
at the service limit stale, an external restraint system shall
be provided nr:

» For a cylindrical sliding surface, the horizontal
load shall satisfy:

H, <2RWo sin(y-B-6,)sinp (14.7.3.3-1)

Cl14.7.3.2

The geometry of a spherical bearing controls iis
ability to resist lateral loeds, its moment-rotation behavior,
and its frictional characteristics. The geometry is relatively
easy to define, but it has some consequences that are not
widely appreciated, The stress may vary over the contact
surface of spherical or cylindrical bearings. Cylindrical
and spherica] surfaces cannot be machined as accurately
as a flat smooth surface. It is imporiant that the radius of
the convex and concave surfaces be within appropriate
limits. If these limits are exceeded the bronze may crack
due to hard bearing contact, or there may be excessive
wear and damage due to creep or cold flow of the PTFE.
The stress limits used in this Section are based on average
contact stress levels.

C14.7.3.3

The geometry of a curved bearing combined with
gravity loads can provide considerable resistance te Jateral
load. An external restraint is often a more reliable method
of resisting large lateral loads at the gervice and strength
lirnit states, and at the extreme event limit state when the
bearing is not intended to act as a fuse or irreparable
damage is not permitted.

The applied loads for determination of the ansle B and
the applied load check are atthe service limit state because
the stress limits, ay,, arg service-based. The rotation af the
strength timit state is ulilized because bearings with curved
sliding surfaces are susceptible to _more seripus
consequences if overloaded or over rotated.

The geometry of a cylindrical sliding bearing is shown
in the deformed pesition in Figure C1,
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s For a spherical surface, the horizontal load shall

satisfy:
P
H, <nR'ogsin(y—p~8,)sinp (14.7.3.3-2) D
in which: &
&
4l H, SURFACE AREA &
f=tan ‘(—};-J (14733-3)  AVAILABLETOCARRY &£
) COMPRESSION X
Ny
and QC?
&
) L)
= - 14.7.3.3-4
Y =sin (ZR
where: EQUAL
. . LENGTHS <=~ L
H; = hornzontal loed from apolicable service load |
combinations in Table 3.4.1-1 (kip) ' '
L = projected length of the sliding ce Figure C14.7.3.3-1 Bearing Geometry.

perpendicular to the rotation 2xis (in.)

Pp = compressive load at the service limit state (load
factor = 1,0} due to permanent loads (kip)

R = r1adius of the curved sliding surface (in.)
W = length of the cylindrical surface (in.)

B = angle between the vertical and resultant applied
load (rad.)

8, = maximpum strength limit state design rotation
angle specified in Article 14.4.2.2.1 (rad.)

Osy = maximum average contact stress at the
service limit state permitted on PTFE
by Tablel14.724-1 or on bronze by
Table 14.7.7.3-1 (ksi)

¥ = subtended semiangle of the curved surface (rad.}

14.7.4 Pot Bearings
14.7.4.1 General

Where pot bearings are provided with a PTFE slider to
provide for both rotation and horizontal movement, such
sliding surfaces and any guide systems shall be designed in
accordance with the provisions of Articles 14.7.2 and 14.7.9.

The rotaticnal elements of the pot bearing shall
consist of at least a pot, a piston, an elastomeric disc, and
sealing rings.

For the pumose of establishing the forces and
deformations imposed cn a pot bearing, the axis of rotation
shall be taken as lying in the horizontal plane at midheight
of the elastomeric dise.

The minimum vertical load on a pot bearing should
not be less than 20 percent of the vertical design load.
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14.7.4.2 Materials

The elastomeric disc shall be made from a
compound based on virgin natural rubber or virgin
neoprene conforming to the requirements of Section 18.3
of the AASHTO LRFD Bridge Construction
Specifications. The nominal hardness shall lie between
50 and 60 on the Shore A scale.

The pot and piston shall be made from structural steel
conforming to AASHTO M 270 (ASTM A 709); Grades
36, 50, or 50W; or from stainless steel conforming to
ASTM A 240, The finish of surfaces in contact with the
elastomeric pad shall be smoother than 60 p-in. The yield
strength and hardness of the piston shall not exceed that of
the pot

Brass sealing rings satisfying Articles 14.7.4.5.2 and
14.7.4.5.3 shall conform to ASTM B 36 (half hard) for
rings of rectanpular cross-section, and Federal
Specification QQB626, Composition 2, for rings of
circular cross-section.

14.7.4.3 Geometric Requirements

The depth of the elastomeric disc, A, shall satisfy:

h, 2333D,9, (14.7.4.3-1)
where:

D, = intemal diameter of pot (in.)

0, = maximun sirength limit state design rotation

angle specified in Article 14.4.2.2.1 (rad.)

The dimensions of the elements of a pot bearing shall
satisfy the following requirements under the least
favorable comhination of strength limit state displacements
and rotations:

»  The pot shall be deep enough to permit the seal
and piston tim to remain in full contact with the
vertical face of the pot wall, and

» Contact or binding between metal components
shall not prevent further displacement or rotation.

C14.7.4.2

Softer elastomers permit rotation more readily and are
preferred.

Corrosion resistant steels, such as AASHTO M 270
(ASTM A 709), Grade 50W, are not recommended for
applications where they may come into contact with
saltwater or be permanently damp, unless their whole
surface is completely comosion protected. Most pot
bearings are machined from a solid plate, so use of high-
strength steel to decrease the wall thickmess resnits in only
a very small reduction in volume of material used.

Other properties, such as corresion resistance, ease of
machining, electrochemical compatibility with steel
girders, availability, and price should also be considered.
The provision on relative hardness is mentioned to avoid
wear or damage on the inside surface of the pot and the
consequent risk of sea) failure.

The choice of brass for sealing rings reflects present
practice.

C14.7.43

The tequirements of this Article are intended to
prevent the seal from escaping and the bearing ftom
locking up even under the most adverse conditions. Use of
the design rotation, 8, means that the designer should
account for both the anticipated movements due to loads
and those due to fabrication and installation 1olerances,
inclnding the rotation impoged on the bearing due to
out-of-level of other bridge compooents, such as
undersides of prefabricated girders, and permissible
misalignments during construction. Vertical deflection
caused by compressive load should also be taken into
account because it will reduce the available clearance,
Anchor bolts projecting above the base plate should be
taken into consideration when clearance is determined.

Rotation capacity can be increased by using a deeper
pot, a thicker elastomeric pad, and a larger vertical
clearance between the pot wall and the piston or slider. The
mininmm thickness of the pad specified herein results in
edge deflections due to rotation no greater than 15 percent
of the nominal pad thickness. Figure C1 and Egs. C1 and
C2 may be used to verify clearance.
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Figure C14.7.4.3-1 Pot Bearing—Critical Dimensions for
Clesrances.

The pot cavity depth, i), may be determined as:

h, 2(0.5D,8,)+h +h, (C14.7.43-1)
where;

h, = depth of clastomeric disc (in.)

h, = height from top of rim to underside of piston {in.)

The vertical clearance between top of piston and top of
pot wall, h,; may be determined as:

B, 2 RO, +25,+0.125 (C14.7.4.3-2)

where:

8, = vertical deflection from applicable strength load
combinations in Table 3.4.1-1 {in.)

R, = radia] distance from center of pot to object in
question (e.g., pot wall, anchor bolt, etc.) (in.)

Note that Eq. Cl does not contain any allowance for
vertical deflection §,. This omission is conservative, The
design rotation, 0,, already represents an extreme rotation
for use with the strength limit state and requires no farther

factoring.
8, and 6, may also be considered at the exireme event
limit state,

Thicker pads with deeper pofs cause smaller strains in
the elastomer, and they appear to experience less wear and
abrasion. Recessing of the rings into the pad is necessary
for satisfactory pad performance, but it also decreases the
effective thickness of the pad at that location. Further, the
recess has sometimes been cut into the pad, and this cut
appears to make the pad susceptible to additional dumage.
Therefore, it is generally better 1o use a deeper pot and
thicker pad even though this feads to greater material and
machining costs,
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14.7.4.4 Elastomeric Disc

The average stress on the elastomer at the service
limit state should not exceed 3.5 ksi.

To facilitate rotation, the top and bottorn surfaces of
the elastomer shall be treated with a lubricant that is not
detrimental to the elastomer. Altematively, thin PTFE
discs may be used on the top and bottom of the elastomer.

14.7.4.5 Sealing Rinps
14.7.4.5.1 General

A sea] shall be used between the pot and the piston.
At the service limit state seals shall be adequate to prevent
escape of elastomer under compressive load and
simultanecuskty applied cyclic rotatiens. At the strength
limit state, seals shall also be adequate to prevent escape
of elastomer under compressive load and simultaneously
applied static rotatien.

Brass rings satisfying the requirements of either
Articles 14.7.4.5.2 or 14.7.4.5.3 may be used without
testing to satisfy the above requirernents, The Engineer
mey approve other sealing systerns on the basis of
experimental evidence,

Cl14.7.4.4

The average stress on the elasiomeric disc is largely
limited by the seal’s ability to prevent escape of the
elastomer. The 3.5 ksi level has been used as a practical
upper limit for some years, and most bearings have
performed satisfactorily but a few seal failures have
occwred, The experimental research of NCHRP 10-20A
showed that greater wear and abrasion due to cyclic
rotation occurred when higher stress levels are employed,
but this correlation is not strong. As a result, the 3.5 ksi
stress limit is retained as a practical design lirmt.

Lubrication helps prevent abrasion of the elastomer
during cyclic rotation, however, research has shown that
the beneficial effect of the lubrication tends o be lost with
time. Silicon grease has been used with success. k
performed well in experiments and is recommended. Thin
sheets of PTFE have also been used. These sheets
performed quite well in experimental studies, but they are
less highly recommended because there is a concern that
they may wrinkle and become ineffective. Powdered
graphite has been used but has not performed well in
rotation experiments. As a result, silicon grease is the
preferred lubricant, and powdered graphite is not
recommended. PTFE discs are permitted as 2 method of
lubrication, but the user should be aware that some
problems have been reported.

Ci4.74.5.1

Failure of seals has been cne of the most comumon
problems in pot bearings. Multiple flat brass rings, circular
brass rod formed and brazed into a ring, and proprietary
plastic rings have been found fo be successful,
Experimental research suggests that solid circular brass
rings provide a tight fit and prevent leakage of the
elastomer, but they experience severe wear during cyclic
rotation. Experiments suggest that flat brass rings are
somewhat more susceptible to elastomer leakage and
fracture, but they are less prone to wear. PTFE rings should
not be used. The rings should preferably be recessed into
the elastomer or vulcanized to it in order to minimize
distortion of the elastomer.

Cyclic rotation of the bearing due to temperature
variations or traffic loading can cause chafing of the
elastomer against the pot wall, which can give rise to some
loss of elastomer past the seal. The detail design of the
sealing system is important in preventing this. The details
of the tests for alternative sealing systems are left to the
discretion of the Engineer. However, tests should include
cyclic rotation.
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14.7.4.5.2 Rings with Rectangular Cross-Sections

Three rectangular rings shall be used. Each ring shall
be circular in plan but shall be cut at ons point around its
circumference. The faces of the cut shall be on a plane at
457 1o the vertical and 1o the iangent of the circumference.
The rings shall be oriented 3o that the cuts on each of the
three rings are equally spaced around the circumference of
the pot

The width of each ring shall not be less than either
0.02 D, or 0.25 in. and shall not exceed 0.75 in. The depth
of each shall not be less than 0.2 times jts width,

14.7.4.5.3 Rings with Circular Cross-Sections

One circular closed ring shall be used with an outside
diameier of D,. It shall havea cross-sectional diameter not
less than either 0.0175 D, or (.15625 in.

14.7.4.6 Pot

The pot shall consist &t least of a wall and base. Al]
elements of the pot shall be designed to act as a single
structural unit.

The minimum thickness of a base bearing divectly
against concrete or grout shall savisty:

s 4,20.06D, and (14.746-1)

o 42075 (14.74562)

The thickness of a base bearing directly on steel
girders or load distribution plates shall satisfy:

s 1,20.04D, and (14.746-3)

s 1, 20.50in. (14.74.6-4)

The minimum pot wall thickness, #,, for an unguided
sliding pot bearing shall satisfy:

D

et iR (14.7.4.6-5)
125F,

and

1,20.75n. (14.7.4.6-6)

C14.7.4.6

Pots are constructed most reliably by machining from
a singie plate. For very large bearings, thiz may become
prohibitively expensive, so fabrication by welding a ringto
abase plate is implicitly accepted. However, the ring must
be attached to the plate by a full penetration weld because
the wall is subject to significant bending motments where it
joins the base plate. The quality of welding should be
assured by quality control. The finished inside profile of
the pot must satisfy the required shape and tolerances.
Straightening and machining may be needed to rectify
welding distortions.

The lower bounds on the thickness of the base plaie
are intended to provide some rigidity to counteract the
effects of uneven bearing. If the base plate was to deform
significantly, the volume of elastomer would be inadequate
to fitl the space in the pot, and hard contact could occur
between some elements.

Egs. 5 and 6 define minimum wall thickness
requirernents for unguided pot bearings. Eq. 5 is based
upon hoop strength of the pot walls with the elastomeric
disc under hydrostatic compressive stress. This equationis
conservative for this application, because it neglects the
beneficial effect of the bending strength and stiffness at the
pot wall-base interface. However, this equation provides
no lateral (horizontal) resislance to the bearing, and it is
limited to unguided bearings {Stanton, 199%9).

The limitstion of Egq. 6 is based upon past
manufacturing practice (SCEF, 199I).
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where

t, = potwall thickness (in.)

F, = vyield strength of the steel (ksi)

D, = intemnal diameter of pot {in.)

g, = average compressive siress due tototal load from

applicable  service lpad combinations i

Table 3.4.1-1 (ksi)

The wall thickness (4,) and base thickness (1) of
guided or fixed pots shall also satisfy the requirements of
Eq. 14.7.4.7-1 for applicable strength and extreme event
load combinations specified in Table 3.4.1-1 which are
transferred by the piston to the pot wall.

14.7.4.7 Piston

The piston shall have the same plan shape as the
inside of the pot. Its thickness shall be adequate to resist
the loads imposed on it, but shall not be less than
six percent of the inside diameter of the pot, D, except at
the nm.

The perimeter of tbe piston shall have a contact rim
through which horizontal loads may be transmitted. In
circular pots, its surface may be either cylindrical or
spherical. The body ofthe piston above the rim shall be set
back or tapered to prevent binding. The height, w, of the
piston rim shall be large enough to transmit the strenpth
and extreme event limnit states borizontal forces between
the pot and the piston.

Where a mechanical device is used to connect the
superstmucture to the substructure, it shall be designed to
resist the greater of A, et the support for the strepgth and
extrenie event limit states, or 15 percent of the maximum
vertical service load at the service limit state at that
location.

Pot bearings subjected to laieral loads shall be
proportioned so that the thickness of the pot wall {¢,) and
the pot base {#,) shall satisfy:

25H.8,

bt 2 (14.7.4.7-1)

¥

Potbearings that transfer load through the piston shall
satisfy:

1.5H

b,z DPF: {14.7.4.7-2)
B, 2 0.125 in., and (14.7.4.7-3)
h,20.03D, (14.7.4.7-4)
where:

The surface finish on the inside of the pot may have
considerable impact on bearing performance. A smooth
finish reduces rotational resistance and wear and ebrasion
of the elastomer. It may also improve the performance of
the sealing rings, but at present there are no definitive
limits as to what the surface finish should ideally be for
good bearing performance. Metalization on the inside of
the pot tends to cause a rougher surface finish, which leads
to significant increases in damsge under cyclic rotation; as
a result, metalization may not be a good method of
protection.

Maximum extreme event limit state forces should be
congsidered when the bearing is not intended to act as a fuge
or irreparable damage is not permitted.

C14.7.4.7

The required piston thickness is contralled by ngidity
and strength, A central internal guide bar fitted in a slotin
the piston causes bending momenis that are largest where
the piston is weakest, In this case, the piston must also be
thick enough to supply an adequate grip length for any
bolts used to secure the guide bar.

If the piston rotates while a horizontal load is acting,
the piston rim will be subject io bearing stresses due to
horizontal load and to shear forces. If the im surface is
cylindrical, contact between it and the pot wall will
theoretically be along a line when the piston rotates. In
practice, some localized yielding is inevitable. If the rim
surface forms part of a sphere, the contact area will be
finite, providing less potential for tocal damage. Damage to
the pot wall should be avoided because it will jeopardize
the effectiveness of the seal. The dimensions of the rim
depend on the contact area, and because this is uncertain,
the rim should be designed conservatively. Eq. 4 is based
on consideration of bearing stresses alone, using a strength
limit state horizontal force of 0.15 times the vertical
service }imit state load, F,= 50.0 ksi and ¢ = 0.9.

The 15 percent factor applied fo the service limit state
vertical load, embedded in Eq. 4 and used in the design of
mechanical deviceg that connect the superstructure to the
substructure, approximates a strength limit state horizontal
design force.

Maximum extreme event limit state forces should be
considered when the bearing is not intended to act as a fuse
or irreparable damage js not permitted, 8, may also be
considered at the extreme event Himit state.

The clearance between piston and pot is critical to the
proper functioning of the bearing. In most bearings the
{inished clearance, after anticorrosion coatings have been
applied, should be about 0.02 to 0.04 in., a range that is
eusily achievable. The equation for minimum clearance is
based on geometry. Eq. 5 may occasionally produce a
nepative number; however, in these instances the minimum
value of 0.02 in. controls.
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H, =

h =

b

lateral load from appliceble strength and extreme
event load combinations in Table 3.4.1-1 (kip)

maximum strength limit state design rotation
angle specified in Article 14.4.2.2.1 (rad.)

yield strength of steel (ksi)

internal diameter of pot (in.)

height from top of rim to underside of piston (in.)
pot wall thickness (in.)

pot base thickness (in.)

The diameter of the piston im shall be the inside

diameter of the pot less a clearance, ¢. The clearance, ¢,

shall be as small as possible in order to prevent escape of
the elastomer but not less than 0.02 in. If the surface of the
piston rim is cylindrical, the clearance shall satisfy:

029"(}!,—9‘;—9"-]

where:

(14.7.4.7-5)

internal diameter of pot {in,)
height from top of rim to underside of piston (in.)

maximum strength limit state design rotation
angle specified in Article 14.4.2.2.1 (rad.)

14.7.5 Steel-Reinforeed Elastomeric Bearings—
Method B
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14.7.5 Steel-Reinforced Elasiomeric Bearings—
Method B

14.7.5.1 General

Steel-reinforced elastomeric bearings may be
designed usiog either of two methods commonly
referred to as Method A end Method B. Where the
provisions of this article are used, the component shall
be taken o meet the requirements of Method B. Where
the provisions of Article 14.7.6 are used, the component
shall be taken to meet the requirements of Method A.

Steel-reinforced elastomeric bearings shall consist
of alternate layers of steel reinforcement and elastomer
bonded together. Im addition to any internal
reinforcement, bearings may have external sieel load
plates bonded to either or both the upper or lower
elastomer layers.

Tapered elastomer layers shall not be used. All
internal layers of elastomer shal! be of the same
thickness. The top and bottom cover layers shall be no
thicker than 70 percent of the internal layers,

The shape factor of a layer of an elastomenc
bearing, S;, shall be taken as the plan area of the layer
divided by the area of perimeter free to bulge. linless

noted otherwise, the values of S; and & to be used in
Articles 14.7.5 and 14.7.6 for steel-reinforced

glastomeric _bearing design shall be that for an
internal laver. For rectangular bearings without holes,
the shape factor of a layer may be taken as:

5= (14.7.5.1-1)
L)

where:

L plan_dimension of the bearing perpendicular

to the axis of rotation under consideration

longth—ef v —ostenplor—slostomedsboerng
{generally parallel to the global longitndinal
bridge axis) (in.)

plun dinension of the bearing parallel to the
axjs of rotation wuder consideratipn widt-of

hobeer - ; Vracti
{gencrally parallel to_the global transverse
hridee axis) (in.)

Cl14.7.51

The stress limits associated with Method A usually
result in a bearing with a lower capacity than a bearing
designed using Meathod B. This increased capacity
resulting from the use of Method B requires additional
testing and quality control.

Steel-reinforced elastomeric bearings are treated
separately from other elastomeric bearings because of
their greater strength and superior performance in
practice (Roeder et al, 1987; Roeder and Stanion,

199]). The critical parameter in their design is the
shear strain in the elastomer at its interface with the

steel _plates. Axinl load, rotation and shear
deformations all cause such shear strains, The desipn
method {Methad B} described in this section accounts
directly for those shear straims, and provides a

versatile means of allowing different
.M&___lmﬂomii_nas_ ﬂllew—hiﬁher—eempmﬂ%

Tapered layers cause larger shear strams and
bearings made with them fail premsturely due o
delamination or mpturre of the reinforcement. All
ioternal layera should be the same thickness because the
strength and stiffness of the bearing in resisting
compressive load are controlled by the thickest layer.

The shape factor, S, is defined in terms of the gross
plan dimensions of layer i. Refinements to account for
the difference between gross dimensions sod the
dimensions of the einforcement are not warranted
because quality control on elastomer thickness has a
more dominant mfluence on bearing behavior. Holes are
not allowed.
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k; = thickness of {* elastomeric layer (in.)

For circular bearings without holes, the shape factor
of a layer may be taken as:

5= D (14.7.5.1-2)
4h,

where:

D = diémeter of the projection of the loaded surface

of the bearing in the horizontal plane (in.)

14.7.5.2 Material Properties

The shear modulus of the elastomer at 73°F shall be
used as the basis for design.

The elastomer shatl have a specified shear modulus
between 0.080 and 0.175 ksi. It shall conform to the
requirements of Section 18.2 of the A4SHTO LRFD
Bridge Construction Specifications and AASHTO M
251.

The acceptance criteria in AASHTO M 251 shali be
followed which:

«  permits a variation of + 15 percent from the value
specified for shear modulus according to the first
and second paragraphg of this Article.

»  Does not permit a shear modulus below 0.080 ksi,

For design purposes, the shear modufus shall be
taken as the least favorable of the values in the ranges
described above.

Other properties, such as creep deflection, should be
obtained from Table 14.7.6.2-1 or from tests conducted
using AASHTO M 251,

For the purposes of bearing design, all bridge sites
shall be classified as being in temperature Zones A, B,
C, D, or E for which design data are given in Table 1. In
the absence of more precise information, Figure 1 may
be used as a guide in selecting the zonc required for a
given region.

Bearings shall be wade from AASHTO low-

Large steel-reinforced _elastomeric  bearings
(defined as those which are thicker than 8 in, or
having a plan area greater than 1000 in.)) are more
difficult to_  fabricate than small ones. The
consequences of fajlure are also Hkely to _bhe more
severe in a large bearing. As such, large bearings
should be designed according to Method B which

requires additlonal testing and quality control,

Cl4.7.5.2

Shear modulus, G, is the most imporfant material
property for design, end it is, therefore, the primary
means of specifying the elastomer. Hardness has been
widely used in the past, and is still permitted for Method
A design, because the test for it is quick end simple.
However, the results obtained from it are variable and
correlate only loosely with shear modulus.

Materials with a specified shear modulus greater
then 0.175 kst are prohibited because they generally
have a smeller elongeiion at break and greater stiffness
and greater creep than their sofier counterparts. This
inferior performence is generally attributed to the farger
arnounts of filler present. Their fatigue behavior does not

differ in a clearly discernible way from that of softer
materials.

The least favorable value for the shear modulus
used in design calculations is dependent upon whether
the parameter being calenlated is conservatively
estimated by over- or under-estimating the shear
modulns. The forgiving nature of elastomers tends to
compensate for service and installation conditions which
are less than ideal. See Article 14.7.5.3.4 2. Despite
this, the designer should be cautious about specifying a
shear modu}us which is at or near the specified vpper or
lower bounds of 0.175 ksi and 0.080 ksi, respectively.

The zones are defined by their extreme low
temperatures or the largest number of consecutive days
when the temperatire does ot rise above 32°F,
whichever gives the more severe condition.

Shesr modulus increases as the elastomer cools, but
the extemt of stiffening depends on the elastomer
compeund, thme, and temmperature. 1t is, therefore,
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temperature grades of elastomer as defined in Section 18
of the AASHTO LRFD Bridge Construction
Specifications and AASHTO M 251, The minimum
grade of elastomer required for each low-temperature
zone shali be taken as specified in Table 1.

Any of the three design options listed below may be
used:

s  Specify the elastomer with the minimum low-
temperature grade indicated in Table 1 and
determine the shear force transmirted by the
bearing as specified in Article 14.6,3.1;

s Specify the elastorner with the minimum low-
temperature grade for use when special force
provisions are incorporated m the design and
provide 2 low friction sliding surface, in which
case the bridge shall be designed to withstand
twice the design shear force specified in Article
14.6.3.1;0r

¢ Specify the elastomer with the minimum low-
temperature grade for use when special force
provisions are incorporated in the design but do
not provide 2 low fmiction sliding surface, in
which case the components of the bridge shall
be designed to resist four times the design shear
force as specified in Atticle 14.6.3.1.

Z0FH D,
- ; 4

)
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Z0HZ O

s@m X7 - <
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Figure 14.7.5.2-1 Temperatute Zones,

14-57A

important fo specify a material with low-temperature
properiies that are appropriate for the bridge site. In
order of preference, the low-temperzture classification
should be based on:

¢ The 50-year temperature history at the site,

¢ A statistical analysis of a shorier temperature
history, or

s  TFigurel.

Table 1 gives the minimum elastomer grade to be
used in each zonme. A grade suitable for a lower-
temperature may be specified by the Engineer, but
improvements in low-temperature performance can
ofien be obtained only at the cost of reductions in other
properties, This low-temperature classification s
intended to limit the force on the bridge substruchire to

1.5 times the service limit state design force under

extreme environmental conditions.

Table 14.7.5.2-1 Low-Temperature Zones and Minimum Grades of Elastomer.

Low-Temperature Zone A B C D E
50 -Year low temperature {°F) 0 -0 30 45 - 45
Maximum number of consecutive days when the 3 7 14 N/A N/A
temperature does not rise above 32°F
Minimum low-temperature elastomer grade 1] 2 3 4 5
Minimum low-temperature etastomer grade when 0 H 2 3 5
special force provisions are incorporated N X L
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14.7.53 Design Requirements
14.7.5.3.1 Scope

Bearings designed by the provisions hersin shall be
tested in accordance with the requirements for steel-
reinforced elastomeric bearings as specified in Adficle
18.2 of the 44SHTO LRFD Bridge Construction
Specifications and AASHTO M 251,

14.7.5.3.2 Shear Deformations Compressive-Siress

The maximum horizontal displacement of the
bridee superstructure, Ap shall be taken ag 65

Ci4.7.5.3.1

Steel-reinforced bearings are designed to resist
relatively high stresses. Their integrity depends on good
quality control during manufacture, which can only be
ensured by rigerous testing.

Ci4,7.5.3.2

The shear deformation Is limited to £0.5 &, in
order to avoid rollover atihe edges and delamination

percent of the design thermal movement range, Ay,
computed in _accordance with Article 3.12.2

combined _with . movements ' cansed by _creep,

shrinkace, and post-tensioning.

The maximum shear deformation of the bearing,
at_the service limit state, As, shall be taken as A,
modified to account for the substruciure stiffness
and construction procedures. I a low friction sliding
surface is installed, As need not be taken to be larger
than the deformation ¢orresponding to first slip.

The bearing shall satisfy:

h, 224, (14.7.5.3.2-1)

where:

h, = _total elastomer thickmess (in.)

Ag = maximum total shear deformation of the
elastomer from applicable service load

combinations in Table 3.4.1-1 {in.}

Lr—apy--elastorneric—bearing—layer,—the—average

- Forbesringssabjest-to-shear deformutions

e 6T —end- {14353
g3 T *

i
T

due to fatiene,

Generally, the installation temperature is within
£15 percent of the average of the maximum and
minjmum _design temperafures. Consequently, 63
percent of the thermal movement range is used for
design purposes (Roeder, 2002). The forgiving
nature of elastomeric bearings more than accounts
for actual installation temperatures greater thay or
less thap the likely approximated _installation
temperature, Additionally, if the bearing is
originally set or reset at the average of the design
iemperature range, 50 percent of the design thermal
movement range computed in_accordance with
Article 3.12.2 may be substitnted for 65 percent as
specified.

Fatigue tests that formed the basis for_this
provision were conducted to 20,600 cveles, which
represen{s one expansion/coniraction cycle per day
for spproximately 55 vears (Roeder et al,, 1990). The
provisions_will, therefore, be unconservative if the
shear deformation is caused by high-cyele loading
due to_braking forces or vibration. The maximum
shear deformation ‘due to these high-cvele loadings -
stiould be restricted to no more than 0,10 A, unless
better information is available, At this sitrain
amplitude, the experiments showed that the bearing
has an essentially infinite fatigue life.

If the bridge glrders are lifted to_allow_the
bearings to realivn  aftey some of the oivder
shortening has occurred. that may be accounted for
in design,

Pier deflections  somefitmes  accommodate a
significant portion of the bridge movement, and this

may reduce the movement that must be
accomimodated by the  beaving.  Construction

methods  may _increase  the bearing  movement
because of poor jnstallation telerances or poor timing
of the bearing installation,
TFhese-provisionslimit-the sheav-siross-and-strain-in
hﬂpe—l-'a M&h—lﬂghepqhﬁpa—teetefs—hﬁémgﬁ-mghef
eapastties—H-moverments-are-eccommodated-by shear
deformatiens-of the clastomerthereavseshenr siregag
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14.7.5.3.3 Combined Compression, Rotarion and

Shear Compressive-Deflection

Combinations of axinl load, rotation and shear at
the service limit state shall satisfy:

(Tur +Tr,¢ +TI'J|')+ 1.75["{'” +Yfﬂ +Tu7)s 5.0
{14.7.5.33-1)

The statlc compouncnt of v, shall also satisfy:

(14.7.5.3.3-2)

Y .5 s 3'0

where:

%, = shear sirain eaused by axial load

v. = shear strain caused by rotation

CI14.7.5.3.3

Elagtomers are almost incompressible. so when a
steel-laminated bearing is loaded in compression, the
glastomer expands laterally due to the Poisson effect.
That expansion is partially restrained by the stee}
plates to which the elastomer lavers are bonded, and
the restraint resnlts in bulging of the lavers between
the plates. The bulging creates shear stresses at the
bonded interface between the elastomer and steel. If
they become larce enourh they can canse shear
failure of the bond or the elastomer adjacent to it
This is the most eommon form of damage in steel-
iaminated elasiomeric bearings, and js_the reason
why limitations on the shear strain in the elastomer
dominate the desien requirements,

The cvelic _components of the loading  are
multiplied by an amplification factor of 1.75 in Eg. 1.
This veflects the results of tests that showed that
cyclic shear strain causes more dehonding damaoe
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;= shear strain caused by shear displacement

Subscrints_“st” and “cp” indicste static and eyelic
loading_respectively. Cyclic loading shall consist of
loads induced by {raffic. All other Joads may be
considered static, In rectangular bearings, the shear
strains shall be evaluated for rotation about the axis
which is parallel to the transverse axiz of the bridge.
Evaluation of shesr strains for rotation about the

axis which is parallel to the longitudinal axis of the

than a static shear strain of the same amplitude.
This approach, of using an explicit summation of the
shear strain _ compenents _coupled with an
amplification factor on evclic comnonents, is found in

other specifications. such as the European EN 1337,
In some eases, the rotations due to dead and live

load will have opposite signs, in which case use of the
amplification facter of 1.75 could lead to an

amplified rotation that is artificially low. This is
clearlv npot consistent with the intent of the

bridee should also be considered. For cireular
bearings. the rvotations abeout two primary
orthogonal axes shall be added vectorially, and the
shear strains shall be evaluated using the larpest
sum,

The shear _strains_y,. v, and y, shall be
established by rational analysis, in tieu of which the

following approximations are acceptable,
The shear strain due fo axial load may be taken

as;
=p 2 (14.7.53.3-3)
=D Ge

in which, for a rectangular bearing;

amplification factor. In cases where the sense of the
loading components_in the critical ecombination is

unclear, the sum of the_absolute value should be
used.

For rectangular bearings, separate evaluations
about_each primary rotation axis (parallel to the
transverse slobal axis and parallel to the longitudinal
global axis of the bridge) may be necessary and
appropriate, such as for structures with significant
skew., Where rectangular bearings are evaluated
abput an axis paralle! to the global longitudinal axis
of the bridge, the definitions of I and W should be
interchanged,

For highly skewed or curved bridees, the girder
ends will significantly rotate in _both bending and

-torsion. Circular bearings offer a good alternative.

The constants 1.4 assigned to D, and 0.5 assioned
to D, for rectangular bearings represent simplified

D =14 (14.7.53.3-4)
and, for a circular bearing:

D, =10 {14.7.53.3-5)
where

D, = dimensionless coefficient nsed to determine
shear strgin due to axial load

G = shear modulus of the elastomer (ksi)
S; =__shape factor of the /" internal }aver of an

elastomeric bearing

o, = _average compressive stress due to total static
or cyclic load from applicabie service load

combinations in Table 3.4.1-1 (ksi)

The _shear strain due to rotation_for_ a
rectanguiar bearing may be taken as;

1
v = p,[_“_] 8. (14.7.53.3-6)
h, ] n
in which:
D, =05 {14.7.5.3.3-7)

values for determining shear strains which are

evaluated for rotation abont an axis which is paraliel
to_the transverse axis of the bridgse. They were

derived from procedures suggested by Stanton, et al.

(2007). D, and D, mav_alternatively be determined
with Egs. C1 througsh C6 about either primary
orthagonal axis for rectangular bearings.

D = max{d,, ,(d.z +d,, % I/[/V)l

(C14.7.5.33-1)

D = 1'552“"'62”1 <05____ (Cl47.533-2)
2.233+0.156A + A,,
in which:

d,, =106+ 02101 +0.413% (C14.7.53.3-3)

d,, =1.506- 0.07IA+ 0,406}’ (C14.7.5.33-9)

d,,=—0315+0.1950 - 0.0474 (C14.7.5.3.3-5}
3

{C14.7.5.3.3-6)
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and, for a cirenlar bearing:

¥, = D{%}z % (14.7.53.3-8)
in which;

D =0.375 (14.7.5.3.3-9)
where:

D = diameter of the bearing (in.)

D, = dimensionless coefficient used to determine
shear strain duoe to rotation

h; = thicknessof " internal elastomeric laver (in.)

L = vpian dimension of the bearing perpendicular
to the axis of rotation under consideration
{zenerally porallel to the global longitudinal

bridee axis) (in.

A= number of interior layers .ol‘ clastomer,
where interior layers are defined as these
layers which are bonded on each face.
Exterlor lavers are defined as those layers
which are bonded only on one face. When
the thickness of the exterdor layer of
elastomer Is_equal to or preater than one.
half the thickness of an interjor layer, the

parameter, n, may be increased by one-half
for each such

exterior laver.

8, = maximnm static or cvelic service limit state
desiecn rotation angle of the elastomer
specified in Article 14.4.2.1 (rad.)

The shear strain due to shear deformation of any
bearing may be taken as:

y =2t (14.7.5.3.3-10)

#, = total elastomer thickness (in.)

A. = maximum tota] static or cyclic shear

defgrmation of the elastomer {rom applicable
service load combinations in Table 3.4.1-1

(in.}

In each case, the static and eyelic components of

K = bulk modulus (ksf)

L__= plan dimension of the bearing perpendicular
to the axis of rotation under consideration
{generally parallel to the global lonsitudinal
bridge axis) {in.)

W_ = plan dimensjon of the hearing paralle] to the

axis of rotatlon nnder consideration
enerally parallel to the global transverse

bridge axis} {in.

A = compressibility index

In_the absence of better information, the bulk
modulus, K. may be taken as 450 ksi for all
elastomers permissible under this specification for
use in steel-reinforced elastomeric bearings.

The compressibility index, 3, represents the
effect of finite bulk stifiness of the rubber. For
conventlonal bearings it makes little difference, but
in high shape factor bearings it reduces the stiffness
bejow the value that would be computed using an
incompressible mode] (i.e. with A =0,
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the_shear strain shall be considered separately and

then combined using Eaq. 1.
In_bearings with externslly bonded steel plates
on_both top and bottom, the peak hydrostatic stress

Previous  editions

of _these  specifications

contained provisions te prevent net upward
mavement of any point on the bearing., Recent

research {Stonten ¢f al, 2007) has shown that, if the

shall satisfy:

G, 5 225G (14.7.5.3.3-11)
in which:

2 8,
o, =368 -;C‘ (14.7.5.3.3-12}

(14.7.5.33-10)

bearing is not equipped with bonded external plates,
the sole plate can )ift away from the bearing without
causing any tension In _the elastomer. Furthermore,
the compression effects are glichtly less severe than
in_a bearing that is identical except for the presence
of honded external plates, and is subjected to the
same toading combination. Thus the “no-lift-ofP’
proyisions have been removed.

However, In a bearing equipped with external

_plates. upward movement of part of the plate can

cause internal rupture due to hydrostatic tension.
Provisions have been added to address this case. It i3

Im
R

expected to control only rarely, and when it does, jt is
likely to do so during under construction conditions,
when the axlal load is light and the rotatlon, due to
Pre-camber, is large, For the construction load case,
the cyclic components of the loading will be zero.
For bearings with external plates, Eqs. 1 and 11
shouid be checked under ail critical loading
conditions, including construction, and about both
strong and weak axes of rectangular bearings when
necessary and appropriate.

The constant 1.6 assigned to B, for rectangulay
and circnlar bearings represents a simplified value

for determining hydrostatic tension _which s

o= 5": (14.7.53.3-14)
8, = 3;&&1 (14.7.53.3-15)
for rectangular bearings:

B, =16 (14.7.5.33-16)
and, for circular bearings:

B, =16 {14.7.5.3.3-17)

where:

B, = _dimensionless coefiicient used to determine

peak hydrostatic stress

g, = total of static and cvclic average axial strain
taken as positive for compression_in which
the cyclic component is multiplied bv 1.75
from applicable service load combinatiens in
Table 3.4.1-1 (ksi

B, = total of static and cyclic maxinium service
limit state design rotation angles of the
elastomer specified in Article 14.4.2.1 in
which the cyclic component is multiptied by
1.75 (rad.)

g, = total of static and cvelic average compressive
stress in which the cyelic component is

multiplied by 1.75 from applicable service
load combinations in Table 3.4.1-1 (ksi)

For _values of o greater thap one third, the

hvdgpstatic stress is compressive, so Eg. 11 is

gvaluated for rotation about an axis which is paraliel
to_the fransverse axis of the bridge. It was derived
from procedures suggested by Stanton, et al.. 2007,
B, for rectangular saud circular bearings may
alternatively be_ determined with Egs. C7 or C8

about either primary orthogonal axis,

for rectangular bearings:

B, =(231-1.862}+ (-~ 0.90+0.961)
[ L w1\ _(Cl14753.3-7)
® l—min{ }

and, for circular bearings:

2

B, =TT {C14.7.5.3.3-8)

Tests have shown that sharp edges on the
internal steel reinforcement lavers cause stress

concentrations in the eclastomer and promote the
onset of debonding, The internal steel reinforcement
lavers should be deburred or otherwise rounded
prior to molding the bearing. The design values in
Eq. 1 are consistent with this procedure.
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satisfied automatically and no further evaluation js

necessary.
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14.7.5.3.4 Swability of Elastomeric Bearings -Sheap
Deformation

Bearlngs shall be investigated for instability at
the service limit state load combinations specified in

14-608

Cl4.7.5.3.4

The average compressive stress is limited to hali
the nredicted buckling stress. The Iatter is caleulated

Tabie 3.4.1-1.

Bearings satisfving Eq. 1 shall be considered
stable, and no forther investigation of stability is
required.

using the buckiing theory develoned bv_ Gent,
maodified to account for changes in geometry during
compression._and calibrated against experimental
results {Gepr, 1964; Stanton ef al, 1990). This

proyvision will permit faller bearings and reduced
shear forces compared to those permitted under

245 B (14.7.53.4-1}
in which:
19282
4= L (14.7.53.4-2)
J 2.0L
1+ =
W
B= 2.67 7 {14.7.5.3.4-3)
(s, +2.0] 1+ ——
4.00
where:
G = shear moduins of the elastomer (ksi

h, = total elastomer thickness (in.)

L = plan dimengion of the bearing perpendicular
to the axis of rotatlon under consideration

(zenerally parallel to the global longitudinal
bridge saxis) (in.)

S; = _shape factor of the /" internal laver of an

elastomerie bearing
W _= plan dimension of the bearing parallel to the

axis of rotation under considetation

(generally parallel to the global transverse

bridge axis) (in.

For a rectangular bearing where L is greater
than W, stability shall be investisated by
interchanging I and Win Eqs. 2 and 3.

For circular bearings, stability may be
investignted bv using the equations for a square
bearing with W=L =0.8 D.

For rectangular bearings net satisfying Eq. 1. the
stress due to the total load shall satisfy Eg. 4 or 5.

» If the bridee deck is free to translate
horizontally:

previous  editions _of the AASHTO Standard
Spetifications.

Eg. 4 corresponrds to buckling in a_sidesway
mode and §s relevant for bridges in which the deck is
not rigidly fixed againsgt horizontal translation at anv
point. This may be the case in many bridges for
transverse  translation perpendicular  to  the
longitodinal ayis. If one point on_the bridge is fixed
against horizental movement, the sidesway buckling
mode is not possible. and Eq. 5 shonld be used. This
freedom to  wmove horizontally should be

distinpuished from fhe question of whether the
bearing is subiect to shear deformatlons relevant to

Articles 14.7.5.3.2 and 14.7,5.3.3. In a bridge that is
fixed at one end. the bearings at the other end will be
subject to Imposed shear deformation but will not be
free to translate in the sense relevant to buckling due
to the restraint at the opposite end of the bridge.

A negative or infinite limit from Eq. S indicates
that the bearing is stable and is not dependent on o,

1f the value A—B < 0, the bearing is stable and js
not dependent on o.,
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S,
g =
* 2A-B

(14.7.53.44)

o If the bridge deck is flxed against horizontal

translation:

GS
g, &=t (14.7.53.4-5)

14.7.5.3.5 Reinforcement Combined Compression
and-Rotation

The minimum thickness of steel reinforcement,
h,, shall be 0625 in. as specified in Article 4.5 of

The reinforcement should sustain the tensile
stresses induced by compression of the bearing. With

AASHTO M 251,

The thickness of the steel reinforcement, &, shall
satisfy:

= At the service limit state;

the present load limitations, the migimum steel plate
thickness practical for fabrication will usually

provide adequate styength.
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kg,
bz —== (14.7.5.3.5-1}

F

= At the fatioue limit states

22}:‘5,.

hl
AFy,

(14.7.53.5-2)

where:

&

gy = constant amplitude fatigue threshold for
Category A as speciifed In Article 6.6

(ksi)

By = thickness of /" internsi elastomeric laver
' {in)

) =__ ayerage compiessive stress af the service
limit state (load factor = 1.0) due to live
load (ksi)

= _average compressive stress doe to  total
load from applicable service load
cambinations in Table 3.4.1-1 (ksi)

F, = _vyield strength of steel reinforcement (ksi)

Holes in the rcinforcement are not permitted,
cause stress concentration.

Ae&rﬁﬂﬁﬂen—qhsrl-!-um-satwﬁn : - interior—tayer—the-parameter,—w—may—be-inereased by
ene-half-for-sach-such—extedorlayer—Uplifi-must be

0\ B z provented—beeuntse—ateain—reverssl—in—the eclnstomer
SRS G _gggE_s] P (475352  sigpificantly deerenses-its fatipne ifs-
' nJ\h, A-rectangular-beaingsheuld sormalls: be-orented

se—stong side—is-paralleHto-the-anis-ebontawhichthe
Reetanaular—bearings——fheed——apainst—shess laegest—rotation—oesuri-—The—enticel Joeation— in—the

beating -for both compressionand-rotation-isthen at-ths
midpeint-ef-theJong-sidefrotatior-secuss-ahou-both
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8.\ B mes,—uplift—and -okecssive—compression—sheuld—be
T n 4 e imestigated-in both-direstions:

Circuler bearings—may—be-talon—te—satisfy uplift ' avarage
requiremnents-iftheysatisfn . compression
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14.7.5.3.6 Compressive Deflection Stabili-of
r o Boans :

Deflections of elastomeric bearings due to dead
load _and to_instantaneous live load alone shall be
considered separately.

Loadings considered in this Article shall be at
the service limit state with all load factors equal to
1.0, ’

Instantaneous lve load deflection shall be taken
as:

{14.7.5.3.6-1)

5.[. = Egllhﬂ
where:

g; =__instantaneous live lond compressive strain in
i elnstomer Iaver

by = _thickness of * elastomeric Iayer (in.)

Initizl dead load deflectlon shall be taken as:
By = Z Bl

where:

{14.7.5.3.6-2)

g =__initial dead load compressive strain in i

elastomer layer

1, = thickness of " elpstomeric laver (in}

Lonpg-term dead load deflection, including the

effects of rreep, shall be taken as:

6, =8,+a,8, (14.7.5.3.6-3)

where:

a, = creep dellection divided bv injtial dead load
deflection

TableC14.7.5.2 .5 1 Steel Reinforeed Elust .

= <
6 a
9 2
Besring Type GS nJ\ By
Rectongular
Mevabls 1364 1.364
| Reetonalor
Mevable 3667 2222
Cireular
C14.7.5.3.6

Limiting instantanecus live load deflections is
jmportant to ensure that deck joints and seals are not
damaged. Furthermore. bearings that are too flexible
in_compression_could cause a smail step in the road
surface at a deck joint when fraffic passes fram one
girder to the other, giving rise to additional impact
loading. A maximum relative live load deflection
across a foint ef 0.125 In. is supgested. Joints and
seals that are sensitive to relative deflections may
require limits that are tighter than this.

Long-term dead Joad deflections should be
considered where {oints and seals between sections of
the bridge rest on bearings of different design and
when estimating vedistribution of forces in
continnous bridges caused by settlement.

Laminated _ elastomerjc bearings have a
nonlinear load deflection_curve in_compression, In
the absence of information specific to the particular
elastomer to be used, Equation €1 or Figure €1 in
Article Ci4.7.6.3.3 may be used as a gnide for
calculating dead and live load compressive strains
for Equations 1 and 2,

[n)
= {C14.7.5.3.6-1)
6GS*
where:
g___= instantaneous live Joad compressive
stress or dead load compressive stress in
an individual elastomer layer {ksi)
& = shape factor_of an_individual elastomer
laver
G = shear moedulns of the elastomer {ksi)

Equatien C1 or Figure C1 in Articlc C14.7.6.3.3
mav_also be used as a guide for specifving an
allowable value of compressive strain at the desizn
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Values for ;; and g, shail be determined from test

14-63A

dead plus_live service limit state comnpressive load -

results or_ by analysis, Creep effects should be
determined from information relevant to the

elastomeric compound uged, If the engineer does not

when emploving Sectlon 8.8.1 of AASHTO M 251,

Guidance for specifying an atlowable value for
creep when Annex A2 of AASHTO M 251 js

glect to obtain a value for the ratin, g, from test

resuits using Annex A2 of AASHTO M 251, the
values given in Table 1 Article 14.7.6.2 may be used.

employed may be obtained from NCHRP Report 449
or from Table 1 in Article 14.7.6.2. '

~ Reliable test data on tetal deflections are rare
becanse of the difficulties in defining the baseline for
deflection. However, the change in_deflection due to
Live load can be reliably predicted either by design

alds based on test vesults or by using theoretically
based eguations (Stapfon and Roeder, 1982). In the
latter c¢ase, it is important ito include the effects of
bulk corpressibility of the elastomer, especially for
high-shape factor bearings,

Er s . e Brited ol
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{4.7.5.3.78 Seismic and Other Extreme Event
Frovisions

Elastemeric expansion bearings shall be provided
with adequate seismic and other extreme event resistant
anchorage to resist the honzontal forces in excess of
those accommodated by shear in the pad unless the
bearing is intended to act as a fuse or irreparable damape
is permitted. The sole plate and the base plate shall be
made wider to accominodate the anchor bolts. Inserts

14-638

€14.7.5.3.78

The seismic and other exireme event demands on
glastomeric  bearings exceed their design limits.
Therefore, positive connection between the girder and
the substructure concrete is needed.  If the bearing is
intended to act as a fuse or irreparable demage is
permitted, the positive connection need not be designed
for the maximum extreme event limit state forces.-
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through the elastomer should not be allowed, unless Holes in elastomer cause stress concentrations that

appraved by the Engineer. The anchor holts shall be  can lead to tearing of the elastomer during earthqnakes.
designed for the combined effect of bending and shear

for seismic and other extreme event loads as specified in
Axticle 14.6.5.3. Elastomeric fixed bearings shall be
provided with horizontal restraint adequate for the full
horizonta] load.

14,7.5.4 Anchorage for Bearings Without Bonded
External Plates

In_bearings without externslly bonded steel
plates, a restraint system shall be used to secure the

bearing against horizontal movement if;

8, 3s,

-t 14.7.5.4-1
- ( )

where:

a_ = number of interior layers of elastomer,
where interior layers are defined a3 those
layers which are bonded on each face,
Exterior Javers are defined as these layers
which are bonded only on one face. When
the thickness of the exterlor layer of
elastomer is equal to or sreater than one-hakf
the thickness of an interior laver, the
parameter, n, may be increased by one-half
for each such exterior layer.

5; = shape factor of the i* internal laver of an
eiastomeric bearing

g, = total of statle and cyelic average avial strain
taken as positive for compression in which
the cyclic component is multiplied by 1.75
irom applicable service load combinations jn

Table 3.4.3-1 (ksi)

B, = total of static and evelic maximum service
limit state design rotation angles of the
elastomer specified in Article 14.4.2.1 in

which the cyclic component is multiplied by
L.75 (vad.)
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14.7.6 Elastomerle Pads and Stcel-Relnforced
Elastomeric Bearings—Method A

14.7.6.1 Genera!

The provisions of this arlicle shal] be taken to apply
to the design of:

«  Plain elastomeric pads, PEP;

o Pads reinforced with discrete
fiberglass, FGP;

layers of

«  Steel-reinforced elnstomerie bearings in which
§}/n _< 22, and .for which the primary

rotation is about the axis parallel to the
‘iransverse axis of the bridge; and

e Cotton-duck pads (CDP) with closely spaced
layers of cotton duck and manufactured and
tested under compression in accordance with
Military Specification MIL-C-8B2E except
where superseded by this specification.

where:

n__=__ number of interior layers of clastomer,
where interior layers are defined as those
layers which are honded on each face,
Exterior ]ayers are defined as those lavers
which are bonded anly on one face. When
the thickness of the exterior laver of

elastomer is equal &0 or creater than one-half
the thickness of an interior - laver, the

parameter, n, way be increased by one-hali
for each such exierior layer.

§; =__shape factor of the i internal layer of an

efastomeric bearing

Layer thicknesses in FGP may be different from one
another. For steel-reinforced elastomeric  bearings
designed in accordance with the provisions of this
section, miernal layers shall be of the same thickness,
and cover layers shall be no more than 70 percent of the
thickness of internal layers.

The shape factor for PEP, FGP pads and steel-
reinforced elastomeric bearings covered by this article
shall be determined as specified in Article 14.7.5.1. The
shape factor for CDP shall be based upon the total pad
thickness.

C14.7.6.1

Elastomeric pads have characteristics different from
those of steel-reinforced elastomeric bearings. Plain
elastomeric pads are weaker and more flexible because
they are restrained from bulging by friction mlome
(Roeder and Stanton, 1986, 1983). Slip inevitably
occurs, especially under dynamic loads, causing larger
compressive deflections and higher inteimal strains in the
elastomer, '

A limiting value of 20 for S/n should be

considered when the value of n is equal to or greater
than 3.

In pads reinforced with layers of fiberglass, the
reinforcement inhibits the deformations found in plain
pads. However, clastomers bond less well to fiberglass,
end the fiberglass is weaker than steel, so the fiberglass
pad is unable to carry the same loads as a steel-
reinforced bearing (Crozier ef al, 1979). FGP have the
advantage that they can be cut to size from a large sheet
of vulcenized material,

CDP are preformed pads tbat are produced in large
sheets and cut to size for specific bridge applications.
CDP are reinforced with closely spaced layers of cotton-
duck and typically display high compressive stiffness
and strength, obtained by the use of very thin
elastomeric layers. However, the thin layers also give
rise to very high shear and rototional stiffness, which
could easily lead to edge loading end a higher shear
stiffness than that to be found in layered bearings. These
increased shear and rotational stiffnesses lead to larger
moments and forces in the bridge and reduced
movement and rotational capacity of the bearing pad. As
a consequence, CDP is often used with a PTFE slider on
top of the elastomer pad (Nordlin et al., 1970).

It is essential that CDP bearing pads be tested and
verified to meet the test requirements of Military
Specification MIL-C-882E which can be found at:
http://assist.daps.dla.mil. Note that there is no AASHTO
equivalent to this Military Specification. A summery of

. testing and acceptance criteria for CDP is given below.

These criteria require that;

* Aot of preformed CDP be defined as a single
sheet that is continuously formed to a given
thickness except that a single lot not exceed
2500 pounds of material.

s A miniomm of two samples from each lot shail
be tested.

*+  The samples be 2 in. by 2 in. with the ful] sheet
thickness.

» The test specimens be cured for four hours at
room temperature (70° F & 10° F),
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14.7.6.2 Material Properties

The elastomeric-type materiala for PEP, FGP, and
stzel reinforced elastomeric bearings shall satisfy the
requirements of Article 14.7.5.2. In addition, hardness
on the Shore A scale may be used as a basis for
specification of bearing meterial. The specified shear
modulus shall be between 0.080 ksi and 0.250 ksi, and
the nominal hardness shall be between 50 and 70 on the
Shore A scale and shall conform to the requirements of
Section 18.2 of the A4SHTO LRED Bridge Construction
Specifications and AASHTO M 251, I the material is
specified by its bardness, the shear modutus for design
purposes shall be taken as the least favorable value from
the range for that hardness given in Table 1.
Intermediate values may he obtained by interpolation. If
the meterial is specified by shear modulus, it shall be
taken for design purposes as the least favorable from the
vahie specified according to the ranges given in Anticle
14.7.5.2. Other properties, such as creep deflection, are
also given in Table 1. There is an exception for steel-
reinforeed elastomeric beerings designed in accordance
with the provisions of this section. The elastomer shall
have a specified shear modulus between 0.080 and 0.173
ksi. and a nominal hardness between 50 and 60 on the
Shore A scale,

The shear force on the stmcture induced by
deformation of the elastomer in PEP, FGP and steel-
reinforced elastomeric bearings shall be based on 2 G
value not less than that of the elastomer at 73°F, Effects
of refayation shall be iznored.

14-66A

s Each specimen is then to be loeded in

compression, perpendicular to the direction of
lamination.

¢ The origin of deflection and compressive strain
measurements be teken at a compressive stress
of 5 pai.

¢  The load be increased at a steady rate of 500

pounds per minute and the deflection shall be
recorded,

®  The specimen be loaded to 2 compressive siress
of 10,000 psi without frecture or otber faiture,

»  The entire lot of CDP be rejected if any of the
CDP specimens fail to satisfy either of these
test criteria: The average compressive strain of
the specimens for that lot is not to be less than
0.075 in./in, nor shall it be greater than 0.175
in./in. et an average compressive stress of 2,000
psi. CDP besaring pads which fail to achieve
the 10,000 psi stress limit here fall outside the
specified strain range and will not develop the
deformation limits permitted in later pars of
Article 14.7.

C14.7.6.2

The elastomer requirements for PEP and FGP are
the same ag those required for steel-reinforced
elastomeric bearings, The ranges given in Table 1
represent the variations found in practice. If the material
is specified by hardness, a safe end presumsbly different
estimate of G should be teken for each of the design
calentations, depending on whether the parameter being
catculated is conservatively estimated by over- or undes-
estimating the shear mocdulus, Creep varies from one
compound to another and is generally more prevalent in
harder elastomers or those with & higher shear modulus
but is seldom a problem if high-quality materials are
used. This is pariicularly true because the deflection
limits are based on serviceability and are likely to be
controlled by live load, rather than total load. The creep
values given in Table 1 are representalive of neoprene
and are conservative for netural rubber,
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CDP shall be manufactured to Military Standards
MIL-C-882E except where the provisions of this
specificalion supersede those provisioms. The
elastomeric-type materials for CDP shall have a nominat
hardness between 50 and 70 on the Shore A scale and
meet the requirements of Aricle 14.7.5.2 as appropriate.
The finished CDP shall have a nominal hardness
between 85 and 95 on the Shore A scale. The shear
modulus for CDP may be estimated wusing Eg.
14.7.6.3.4-3. The cotton~duck reinforcement shall be
gither a two-ply cotton yarm or a single-ply 50-50 blend
cotton-polyester. The fabric shall have a minimum
tensile strength of 150 1b./in. width when tested by the
grab method. The fill shall be 40 + 2 threads per inch,
and the warp shall be 50 + | threads per inch. The CDP
provisions inchuded herein shall be taken as only
applicable to bearing pads up to 2 in. in total thickness.

Table 14,7.6.2-1 Correlated Materlal Properties

CDP is made of elagtomers with hardness and
properties similar to that used for PEP and FGP.
However, the closely speced layers of duck fabric
reduce the indentation and increase the hardness of the
finished pad to the 85 to 95 durometer range. Appendix
X of AASHTO M 251 contains provisions for hardness
of elastomers, but not finished CDP. The acceptable
range from the specified wvalue for hardness of
elastomers is +5 points on the Shore A scale. The
acceptable range criteria for elestomers in AASHTO M
251 may also be considered for finished CDP. The
cotton-duck requirements are restated from the military
specification because the reinforcement is essential fo
the good performance of these pads.

Hardness (Shore A)

50 60 70’
Shear Modulus @ 0.095-0.130 0.130-0.200 0.200-0.300
73°F (ksi)
Creep deflection @ 0.25 0.35 0.45
25 years divided by
initial deflection
For PEP and FGP only,

14.7.6.3 Design Requirements
14.7.6.3.1 Scope C14.7.6.3.1

Steel-reinforced elastomeric  bearings may be
degigned in accordance with this article, in which case-
they qualify for the test requiremenis appropriate for
elastomeric pads. For this purpose, they shall be treated
as FGP.

The provisions for FGP apply only to pads where
the fiberglass is placed in double Jayers 0.125 in. spart,

The physical properties of neoprene and natural
riubber used in these bearings shall conform to AASHTO
M 251,

14.7.6.3.2 Compressive Stress

At the service limit state, the average compressive
stresses, o, and oy, in any layer shall satisfy:

¢ ForPEP:

5, < 0.80 ksi (14.7.63.2-1)

The desipn methods for efastomeric pads are
simpler and mare conservative than those for steel-
reinforced bearings, so the iest methods are less
stringent than those of Article 14.7.5. Steel-reinforced
elastomeric bearings may be made eligible for these less
stringent testing procedures by limiting the compressive
stress ag specified m Article 14.7.6.3.2.

The three types of pad, PEP, FGP, and CDP behave
differently, so information relevant to the particular type
of pad should be used for design. For example, in PEP,
slip at the interface between the elastomer and the
material on which it is seated or loaded is dependent on
the friction coefficient, and this will be different for pads
seated on concrete, steel, gront, epoxy, etc.

Ci4.7.6.3.2

In FGP, the compressive stress is limited to & times
the effective shape factor. Both PEP and FGP are
limited to 800 psi for ail circumstanees, but this upper
bound stress limit can be achieved with a thicker rubber
layer with FGP.

The CDP stress limits were developed to provide
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¢ ForFGP:

ghaa6s

g, $1.00GS, and (14.7.6.3.2-2)

o, <0.80ksi (14.7.6.3.2-3)
s  For CDP:

g, £3.0ksi and (14.7.6.3.24)

a, $2.0ksi (14.7.6.3.2-5)

where:

a, = average compressive stress due to total load
from applicable service load combinations in
Table 3.4.1-1 (ksi)

g, = average compressive stress at the service limit
state (load factor = 1.0) due to live load (ksi)

In FGP, the value of Syused shall be based upon an

b taver thickness which equals thatfer the greatest
distance between the midpoints of twoe double
fiberglass reinforcement layers at-the-topend-botieraof
H-elaaterrertares,

For steel-reinforced elastomeric bearings desipned
in accordance with the provisions of this article:

TGS o, $1.256S, and (14.7.6.3.2-6)
GohAKS o, S1.25ksl (14.7.6.3.2-7)

where the value of 5; used shall be that of an internal
for-thethiekest layer of the bearing.

These stress limits may be increased by 10 percent
where shear deformation is prevented.

14.7.6.3.3 Compressive Deflection

In addition to the provisions of Article 14.7.5.3.63,
the following shall also epply.

In lieu of using specific product data, the
compressive deflection of a FGP should be taken as 1.5
times the deflection estimated for steel-reinforced
bearings of the same shape factor in Article 14.7.5.3.63.

The initial compressive deflection of 2 PEP or an
internal —any layer of a steel-reinforced elastomeric
bearing at the service limit state without impact shall not
exceed 0.07h,,, where f,,is the thickness of a PEP, or
the thickness of an internal layer of a steel-reinforced
clastomeric bearing in {n.

long term serviceability and durability, CDP stiffness
and behavior is less sensitive to shape factor. The total
maximum compressive stress s limited to 3.0 ksi
because experiments showed that CDP do not fail under
monotonically compressive stress values significantly
larger than this stress limit. CDP, which is subject to
compressive siress levels larger than 3.0 ksi, may
delaminate under dynamic loadings typical of those
experienced by bridge bearings. CDP may experience
dramatic failure when maximum compressive strains
exceed approximately 0.25. However, bearng pads
which meet the strain aod stiffness limits which are
required by the military specification will not achieve
this failure strain under pure compressive load. The five
load stresses are limited to 2.0 ksi, because research
shows that delamination is caused by the compressive
stress range es well as the maximum compressive level,
Live loads control the meximum compressive stress
range under repeated loading, and this limit controls the
adverse effects of this delamination. Larger
compressive strains would result in increased damage to
the bridge and the bearing pad and reduced
serviceability of the CDP (Lehman et al, 2083
Eelymenresel 2003}

The reduced stress limit for steel-reinforced
elastomeric bearings designed in accordance with these
provisions 18 invoked in order to allow these bearings to -
be eligible for the less stringent test requirements for
elastomeric pads.

Cl14.7.6.3.3

The compressive deflection with PEP, FGP, and
CDP will be larger and more variable than those of
steel-reinforced elastomeric bearings. Appropriate data
for these pad types may be used to estimate their
deflections. In the absence of such data, the compressive
deflection of 2 PEP and FGP may be estimated at 3 and
1.5 times, respectively, the deflection estimated for
steel-reinforced bearings of the same shape factor in
Article 14.7.5.3.63.

Figure CI provides design aids for determining the
strain in an elastomer layer for steel reinforced bearings
based upon durometer hardness and shape factor.
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For CDP, the computed compressive strain, &, may
be taken as;

g, =—= 14.7.6.3.3-1
T ( )
where:
E. = uniaxial compressive stiffness of the CDP
bearing pad. !t may be taken as 30 ksi in lien
of pad specific test data (ksi)
g, = average compressive stress due to total load

from applicable service load combinations in
Tabie 3.4.1-1 (ksi)

1.6
Shape factor
1.4
| 50 duromater
1.2F reinforced
beerings
1.0

0.8
0.6

0.4

Compressive stress (Kksi)

0.2

0.0

Compressive =straln (%)

1.6
i Shape faclor 12 9/5
.41

' 60 duromeier
1.2 ¢ reinforced

bearings
1.0

0.8
0.6

0.4

Compressive stress {ksi)

0.2

1 1

1 2 2 4 5 & 7

Q.0
[«

Compreasive straln (%)

Figure C14.7.6.33-1 Stress-Strain Curves.

CDP is typically very stiff in compression. The
shape factor may be computed, but it has a different
meaning and less significence to the compressive
deflection than it does for FGP and PEP (Roeder et al,
20000,  As a result, the maximum compressive
deflection for CDP can be based upon an average
compressive strain, g, for the total bearing pad thickness
as computed in Eq. 1.
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14.7.6.3.4 Shear

The  maximum  borizontal  superstructure
displacernent shail he computed in accordance with
Article 14.4. The maximum shear deformation of the
pad at the service limit state, Ay, shall be taken as the
maximum horizontal superstructure  displacement,
reduced to account for the pier flexibility and modified
for construction procedures. If a jow friction sliding
surface is used, Ag need not be taken to be larger than
the deformation corresponding to first slip.

The provisions of Article 14.7.5.3.24 shall apply,
except that the pad shall be designed as follows:

s For PEP, FGP and steel-reinforced elastomeric

bearings:
b, 224; (14.7.6.3.4-1)
« ForCDP:
h, x10A; {14.7.6.34-2)
where:
h, =  smaller of total elastomer or bearing
thickness (in.)
As = maximum total shear deformation of

the bearing from applicable service
load combinations in Table 3.4.1-1

(in.)

The shear modulus, &, for CDP for determination of
the bearing force in Article 14.63.1 may be
conservatively estirated as:

G=20, 22.0ksi (14.7.6.3.4-3)
where
G, = average compressive stress due to total load

from applicable service load combinations in
Table 3.4.1-1 (ksi)

14.7.6.3.5 Rotation
14.7.8.3.5a¢ General

The provisions of these articles shall apply at the
service limit state. Rotations shall be taken as the
maximum sum of the effects of initie! lack of parallelism
and subsequent girder end rotation due to imposed loads
and movements. Stress shall be the maximum stress
associated with the load conditions mducing the
maximurn rotation.

Ci4.7.6.3.4

The deformation in PEP and FGP are lirmted to
0.5 h,, because these movements gre the maximum
tolerable for repeated and long-term strains in the
elastomer, These limits are intended te ensure
serviceable bearings with no deterioration of
performance and they limit the forces that the pad
transmits o the structure.

In CDP, the shear deflection is limited to only 1/10
of the total elastomer thickness. There are several
reasons for this limitation. First, experiments show that
CDP may split and crack at larger shear strains. Second,
CDP has much larger shear stiffness than that noted with
steel reinforced elastomeric beanings, PEP and FGP, and
so the strain limit assures that CDP pads do not cause
dramatically larger bearing forces to the structure than
do other bearing systems. Third, the greater shear
stiffness means that relative slip between the CDP and
the bridge girders is likely if the deformation required of
the bearing is too large. Slip may lead to abrasion and
deterioration of the pads, as well as other serviceahility
concerns. Slip may also lead to increased costs because
of anchorage and other requirements, Finally, CDP pads
are harder than PEP and FGP, and so they are very
suitable for the addition of PTFE sliding surfaces to
accommodate the required bridge movements. As &
result, CDP with large translational movements are
invariably designed with PTFE sliding surfaces.

C14.7.6.3.5a

Rotation of steel-reinforced elastomeric bearings
and elastomeric pads is controlied by preventing uplift
between the bearing and the structure and by Emiting the
shear strains i the elastomer.

Initial lack of parallelism is due 10 profile grade,
dead load deflection, etc. The designer may account for
the imitial tack of paralietism by providing tapered plates
or other means,
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14.7.6.3.5b Rotation of PEP Ci4.7.6.3.56
= Rectangular pads shall satisfy: PEP, FGP, and steel-reinforced elastomeric

where:

o9
#

2
0,2 0.563(—;:] 8, and  (147.63.5b-1)

T

2
0,2 o.ses[gi) .. (14.7.6.3.552)
Circular pads shall satisfy:
D K
a2 0.37SGS[E] 8, (14.7.6.3.5b-3)

average compressive stress due 1o tolal

Ioad associated with the maxinmm rotation
from applicable service load combinations in
Tahle 3.4.1-1 (ksi)

shear modulus of the elastomer (ksi)

shape factor of PEP thickest—layer—ef—en
: o beari _

plan dimension of the bearing perpendlcular
to the axis of rotation _upder consideration
{generally paralle] to the global longifudinal
bridge axis) (in.} length—of—a—-reetangular
5 bearns—{paral s—lonpituding

¥! o} i

total elastomner thickness (in.)

plan dimengion of the bearing paralle! to the
axis of rotation under consideration
{generally parallel to the global transverse
bridge axis) (in.) widthofthe bearinginthe

diameter of pad (in.)

maximum service limit state design rotation
angle about any axis of the pad specified in
Article 14.4.2,1 (rad.)

maximum service limit state design rotation
anple specified in Article 14.42.1 about

iransverse axis (generally paratiel to the
global transverse bridge axis) (rad.)

maximum service limit state design rotation
angle specified in Article 14.42.]1 abont
longitidinal axis (penerally parallel to the
global longitudinal bridge axis) (rad.)

bearings are quite flexible in compressive loading, and
as a consequence very large strains are tolerated, but
stresses are kept quite low in Article 14.7.63.2. As a
consequence, PEP, FGP, and steel-reinforced
elastomeric bearings are checked for uplift only, and the
equations provided in this erticle provide a lower bound
stress limit to assure that uplift conditions are met.

Total load shall be construed io be all contributing
loads beyond perallelism.
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14.7.6.3.5¢ Rotation of CDP

The maximum compressive strain due to combined
compression and rotation of CDP at the service limit
state, &, shall not exceed:

6 =, +ok <020
2,

(14.7.6.3.5¢-1)

where:

& (14.7.6.3.5¢-2)

- U-T
e E:
Maximum rotation sball be limited to:

2
8, < o.so—fi and (14.7.6.3.5¢-3)

2t e,
B, s 0.20-—-'5—- (14.7.6.3.5¢-4)

where:

E, = uniaxial compressive stiffness of the CDP
bearing pad. It may be taken as 30 ksi in lieu
of pad specific test data.

length of @ CDP bearing pad in the plane of
rotation (in.)

;, = total thickness of CDP pad (in.)
£ = meximum uniaxial strain due to compression

under total Joad from applicable service load
combinations m Table 3.4.1-1

maximurn uniaxial sirain due to combined
compression and rotation from applicable
service load combinations in Table 3.4.1-1

& =

o, = aversge compressive siress due to total load
associated with the maximum rotation from
applicable service load combinations in Table

3.4.1-1 (ksi)

0; = wmaximum rotation of the CDP pad at the
service limit state (Joad factor =1.0) dus to
live load (rad.)

maximum rotation of the CDP pad from
applicable service load combinations in Table
3.4.1-1 (rad.}

Cl4.7.6.3.5¢

Rotation, and combined compression and rotation
of CDP are controlled by shear strain limits and
delamination requirements. Experiments show that
CDP that meets the testing requirements of MIL-C-882E
will not fracture or fail until a combined compressive
strain exceeds 0.25. Creep strains do not contribute to
this fracture potentinl. Design Eq. 1 limits this
compressive strein to 0.20, because the design is made
with service loads, and research shows that the 0.20
strain limit is sufficiently far from the average failure
strain to assure a P factor of 3.5 for LRFD design.
Delamination due to rotation is associated witb uplift or
separation between the bearing pad and the load surface.
Delamination does not result in a fracture or immediate
failure of the bearing pad, but it results in a significant
reduction in the bearing service life. Cyclic rotation
associated with live loads represents the more severe
delamination problem, and Eq. 4 provides this design
limil. However, research also shows that delamination
is also influenced by maximum rotation level. CDP do
not recover all of their compressive deformation after
unloading, and Eq. 3 recognizes approximately 20
percent residual compressive strain and limits uplift due
to the meximum rotation in recognition of the
delamination potential. Shear strains of the elastomer
are a less meaningful measure for CDP than for steel
reinforced elastomeric bearings, because shape factor
has a different meaning for CDP than for other
elastorneric bearing types. CDP is known to have
relatively large compressive load capacity, and it is
generally accepted that it can tolerate relatively large
compressive strains associated with these loads. Ut
should be noted that these compressive straing in CDP
are larger thap those tolerated in steel reinforced
bearings, but they have been justified by experimental
results for CDP that meets the requirements of this
specification.  This does not suggest that CDP is
generally superior to steel reinforced elastomeric
bearings. A well designed steel reinforced bearing is
likely to provide superior long term performance, but
CDP can be designed and manufactured quickly and
may provide good performance under a mange of
conditions.
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14.7.6.3.5d Roiation of FGF and Steel Cl4.7.63.5d
Reinforced Elastomeric Bearings
s  Rectangular pads or bearings shall satisfy: Refer to Article C14.7.6.3.5b.
L F
a, 2GS —= and {14.7.6.3.5d-1)
n
1
Lye,
a, 20565, — | = and (14.7.6.3.5d-1)
h,) n
W 2
g, 20 2
)
wY e
g,2 B.SGS,[MJ a8 (14.7.6.3.5d-2)
kh,)] n

¢  Cirenlar pads or bearings shall satisfy:

1

g, 20. —=
.1

1
g,2 0.37503,[}?} LY (14.7.6.3.5d-3)
- n

where:

g,_= average compressive stress due to total
ioad associated with the maximum rotation

from appliceble service load combinations in
Table 3.4.1-1 (ksi)

G_ = _shear modulus of the elastomer (ksi}

§; = _shape facior of the i® internsl layer of a
steel-reinforced elasiomeric bearing, or the
laver defined by the greatest distance
between midpoeints of the double
reinforcement Inyers of an FGP

L .= _plan dimension of the bearing perpendicular
to the axis of rotation under consideration
(generallv parallel to the glohal Jongitndinat
bridge axis) (in.}

h; = thickness of i internal elastomeric layer for a
steel-reinforced elastomeric bearing. and the
greatest distance between midpoints of the
double reinforeement layers for an FGP (in.)
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n = npumber of interior layers of elastomer, where
interior layers are defired as those layers which
are bonded on each face. Exterior layers are
defined as those layers which are bonded only
on one face. When the thickness of the exterior
layer of elastomer is more equal to ot greater
than one-haif the thickness of an interor layer,
the parameter, n, may be increased by one-half
for each such exterior layer.

W _=__ pian dimension of the bearing parallel to the
axis _of rotatlon  under eonsideration
{generally parollel to the global transverse
bridge axisj {in.)

D = diameter of pad {in.)

8, = maximum service limijt staté design rotation
angle abont any axis of the pad specified in
Article 14.4.2.1 (rad.)

B, = maximnm service Hmit state desion rotation

apgle specified in_ Article 14.4.2.1 about
transverse axis (generall arallel to the

global transverse bridge axis) (rad.}

8, = maximum service limjt sfate design rotation
angle specified in_Article 14.4.2.1 about

longitndina) axis {generally parallel to the
global longitudinat bridge axis) (rad.)

14.7.6.3.6 Stability

To ensure stability, the total thickness of the pad
shall not exceed the least of L/3, #/3, or D/4.

14.7.6.3.7 Reinforcement

The reinforcement in FGP shall be fiberglass with a
strength in each plan direction of at least 2.2 k,; in kip/in.
For the purpose of this erticle, if the layers of elastomer
are of different thicknesses, 4, shall be taken as the
mean thickness of the two layers of the elastomer
bonded to the same reinforcement, [f the fiberglass
reinforccment contains holes, its strength shall be
increased over the mimimum value specified herein by
twice the gross width divided by net width.

Reinforcement for steel-reinforced elastomeric

Cl4.7.6.3.6

The stability provisions in this article are unlikely to
have & significant impact upon the design of PEP, since
& plain pad which has this geometry would have such a
low sllowable stress limit that the design would be
uneconomical,

The buckling behavior of FGP and CDP is
complicated because the mechanics of their behavior is
not well undersiood. The reinforcement layers lack the
stiffness of the reinforcement layers in steel-reinforced
bearings and so stability theomes developed for steel-
reinforced bearings do not apply to CDP or FGP. The
geometric  limits included here are simple and
conservative.

C14.7.6.3.7

The reinforcement should be strong enough to
sustain the stresses induced in it when the bearing is
loaded in compression, For a given compression, thicker
elastomer layers lead to higher tension stresses in the
reipforcement. It should be possible to relate the
minimum reinforcement strength to the compressive
slress that is ellowed in the bearing in Article 14.7.6.3.2.
The relationship has been quantified for FGP. For PEP
and CDP, successful past experience is the only guide
currently available. December 2008
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bearings designed in accordance with the provisions of
this article shall conform to the requirements of Article
14.7.5.3.537.

14.7.6.3.8 Seismic and Other Exireme Event
Provisions

Expansion bearings designed according to Article
14.7.6 shall be provided with adequate seismic and other
extremne event resistant anchorage to resist the horizontai
forces in excess of those accommodated by shear in the
pad unless the bearing is intended o act as a fuse or
imepareble damage is permitted. The provisions of
Article 14.7.5.3,78 sball also apply as applicable.

For steel-reinforced elastomeric bearings designed
in accordance with the provisions of Article 14.7.6, the
equations from Article 14.7.5.3.57 are used. Although
these equations are intended for steel-reinforced
bearings with a higher allowable stress, the thickness of
reinforcing sheets required is not significanily greater
than those required by the old Method A.
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14,7.7 Bronze or Copper Alloy Sliding Suriaces
14.7.7.1 Materials

Bronze or copper alloy may be used for:

e« Flat sliding surfaces to accommodate
iranslational movements,
¢ Curved sliding surfaces to accommodate

translation and limited rotation, and

* Ping or cylinders for shaft bushings of rockey
bearings or other bearings with large rotations.

Bronze sliding surfaces or castings shall conform to
AASHTO M 107 (ASTM B 22} and shall be made of
Alloy C90500, C91100, or C86300, unless otherwise
specified. The mating surface shall be structural steel,
which has a Brinell hardness value at least 100 points
greater than that of the bronze.

C14.7.7.1

Bronze or copper alloy sliding surfaces have a long
bistory of application in the United States with relatively
satisfactory performance of the different materials.
However, there is virtually no research 1o substantiate the
properties and characteristics of these bearings. Suecessful
past experience is the best guide currently availzble,

Historically thege bearings have been built from
sintered bronze, lubricated bronze, or copper alloy with no
distinction between the performance of the different
materials. However, the evidence suggests otherwise.
Sintered bronze bridge bearings have historically been
included in the Standard Specifications. Sintered bronze is
manufactured with a metal powder technology, which
results in a porous surface structure that is usually filled
with a self-lubricating material. There do not appear 1o be
many manufacturers of sintered bronze bridge bearings at
this time, and there is some evidence that past bridge
bearings of this type have not always performed well. Asa
result, there is no reference to sintered bronze herein.

Lubricated bronze bearings are produced by 2 number
of manufacturers, and they have a relatively good history
of performance. The lubrication is forced into a pattern of
recesses, and the lubrication reduces the friction and
prolongs the life of the bearing. Plain bronze or copper
lacks this self-lubricating quality and would appear to have
poorer bearing performance. Some jurisdictions use the
following guidelines for lubricant recesses (FHVA, 1921):

» The bearing surfaces shonld have lubricant
recesses consisting of either concentric rings, with
or without central circular recesses with a depth at
least equal to the width of the rings or recesses.
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Bronze or copper alloy sliding expansion bearings
shall be evaluated for shear capacity and stability under
lateral loads.

The mabing surface shall be made of steel and be
machined to match the geometry of the bronze surface so
as to provide uniform bearing and contact.

14.7.7.2 Coefficient of Friction

The coefficient of friction may be determined by
testing. In lieu of such test data, the design coefficient of
friction may be taken as 0.1 for selflubricating bronze
components and 0.4 for other iypes.

14.7.73 Limit on Load

The nominal bearing stress due to combined dead and
live load at the service limit state shall not exceed the
values given in Table 1.

Table 14.7.7.3-1 Bearing Stress at the Service Limit State,

AASHTO M 107
(ASTM B 22} Bearing Stress
Bronze Alloy (ksi)
Cons00—Type 1 3.0

» The recesses or rings should be arranped in a
geomeiric pattern so that adjacent rows overlapin
the direction of motion.

s The entire area of all bearing surfaces that have
provision for refative motion should be lubricated
by means of ihe lubricant-filled recesses.

o The lubricant-filled areas should comprise not
less than 25 percent of the total bearing surface.

¢  The lubricating compound should be integrally
molded at high pressure and compressed into the
rings or recesses and project not less than
0.010 in. above the surrounding bronze plate.

Bronze or copper-alloy sliding expansion bearings
should be evaluated for stability. The sliding plates inset into
the metal of the pedestals or sole plates may lift during high
horizontal loading. Guidelines for bearng stability
evaluations may be found in Gilsiad (/99¢). The shear
capacity and stability may be increased by adding anchor
bolts inseried through a wider sole plate and set in concrete.

The mating surface is commonly manufaciured by a
steel fabricator rather than by the bearing manufacturer
who produces the bronze surface. This coutractual
arrangement is discouraged because it can lead to 2 poor fit
between the two components. The bronze is weaker and
softer than the steel, and fracture and excessive wear of the
bronze may occur if there is inadequate quality control.

C14.7.7.2

The best available experimentzl evidence suggests that
lubricated bronze can achieve a coefficient of friction on the
order of 0.07 during its early life, while the lubricant projects
above the bronze surface. The coefficient of friction is likely
to increase to approximately 0,10 after the surface
lubrication wears away and the bronze starts to wear down
into the recessed lubricant. Copper alloy or plain bronze
would cause considerably higher friction. In the absence of
better information, conservative coefficients of friction of
0.1 and 0.4, respectively, are recommended for design.
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C91100—Type 2 3.0

C$6300—Type 3 12.0

14.7.7.4 Clearances and Mating Surfaces

The meting surface shall be steel that is accenrately
machined to match the geometry of the bronze surface and
to provide uniform bearing and contact.

14.7.8 Disc Bearings
14.7.8.1 General

The dimensions of the elemenis of a disc bearing
shall be such that hard contact between metal
components, which prevents further displacement or
rotation, will not occur uvnder the least favorable
combination of design displacements and rotations at the
strength limit state.

The disc bearing shall be designed for the maximum
strength_limit state design rotation, 8,, specified in
Article 144222,

For the purpose of establishing the forces and
deformations imposed on a disc bearing, the axis of
rotation may be taken as lying in the horizontal plane at
midheight of the disc. The urethane disc shali be held in
place by a positive location device,

Limiting rings may be used to partially confine the
elastomer against lateral expansion. They may consist of
steel rings welded to the upper and lower plates or a
circular recess in each of those plates.

If a Virniting ring is used, the depth of the ring should
be at least 0.03D,, where D is the diameter of the disk

element

14.7.8.2 Materials

The elastomeric disc sha!l be made from a compound
based on polyether urethane, using only virgin materials.
The hardness shall be between 45 and 65 on the Shere D
scale.

The metal components of the bearing shall be made
from structural steel conforming to AASHTO M 270 or
M 183 (ASTM A 709), Grade 38, 50, or 50W or from
stainless steel conforming to ASTM A 240,

C14.7.8.1

A disc bearing functions by deformation of a
polyether urethane disc, which should be stiff enough to
resist vertical loads without excessive deformation and yet
be flexible enough to accommodate the imposed rotations
without liftoff or excessive siress on other components,
such as PTFE. The urethane disc should be positively
located to prevent its slipping out of place,

The primary concems are that clearances should be
maintained and that binding should be avoided even at
extreme rotations. The vertical deflection, inciuding creep,
of the bearing should be taken into account

8, may also be comsidered at the exireme event
limnit state.

The depth of the limiting ring should be at least
0.03D,to prevent possible overriding by the uzethane disc
under extreme rotation conditions.

Ci14.7.58.2

AASHTO LRFD Bridge Construction Specifications,
Anticle 18.3.2, recognizes two polyether urethane
compounds that have performed satisfactorily.

Polyether urethane can be compounded to provide a
wide range of hardnesses. The appropriate material
properties must be selected as an integral part of the design
process because the sofiest urethanes may require a
limiting ring to prevent excessive compressive deflection,
whereas the hardest ones may be too stiff and cause too
high a resisting moment. Also, harder etastomers generatly
have higher ratios of crecp to elastic deformation.

AASHTO M 270 (ASTM A 709), Grades 100 and
100W steel should be used onmly where their reduced
ductility will not be detrimental,
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14.7.8.3 Elastomeric Dise

The elastomeric disc shall be held in location by a
positive locator device.

At1he service limit state, the disc shall be designed so
that:

s lts instantaneous deflection under total load does
not exceed ten percent of the thickness of the
unstressed disc, and the additional deflection due
to creep does not exceed eight percent of the
thickness of the unstressed disc;

¢ The componenis of the bearing do not lift off
each other at any location; and

e The average compressive siress on the disc does
not exceed 5.0 ksi. If the outer surface of the disc
is not vertical, the stress shall be computed using
the smallest plan area of the disc.

If a PTFE shder is used, the stresses on the PTFE
slider shall not exceed the values for average and edge
siresses given in Article 14.7.2.4 for the service limit state.
The effect of moments induced by the urethane disc shall
be included in the stress analysis.

14.7.8.4 Shear Resisting Mechanism

In fixed and guided bearings, a shear-resisting
mechanism shall be provided to transmit horizontal forces
between the npper and lower steel plates. It shall be
capable of resisiing a horizontal force in any direction
equal to the larger of the design shear force at the strength
and exireme event limnit states or 15 percent of the design
vertical load at the service limit state,

The horizontal design clearance between the upper
and lower components of the shear-restricting mechanism
shall not exceed the value for guide bars given in
Article 14.7.9,

C14.7.8.3

The primary concemns are that clearances should be
maintained end that binding should be avoided even at
extreme rotations. The vertical deflection, including creep,
of the bearing should be taken into account.

Design of the urethane disc may be based on the
assumption that it behaves as a linear elastic material,
unrestrained laterally at ils top and bettom surfaces. The
estimates of resisting moments, so calculated, will be
conservative, because they ignore creep, which reduces the
moments. However, the compressive deflection due to
creep should also be accounted for. Limiting rings stiffen
the bearing in compression because they make the bearing
behave more like a confined elastomeric bearing, i.e., a pot
besring, Their influence is conservatively ignored in the
linear elastic design approach. Subject to the approval of
the Engineer, design methods based on test data are
permitted.

No liftoff of components can be tolerated; therefore,
any uplift restraint device should have sufficiently small
vertical slack to ensure the comect location of all
components when the compressive load is reapplied.

Rotational experiments have shown that uplift occurs
at relatively small moments and rotations in disc bearings.
There are concerns that this could lead to edge loading on
PTFE sliding surfaces and increase the potential (or
damage to the PTFE. Bearings passing the test
requirements of Article 18.3.4.3.1 of the LRFD Bridge
Construction Specification should assure against any
damage to the PTFE.

C14.7.34

The shear resisting device may be placed either inside
or outside the wurethane disc. If shear is carred by a
separate transfer device extemnal to the bearing, such as
opposing concrete blocks, the bearing itselfl may be
unguided.

In unguided bearings, the shear force that should be
transmitted through the body of the bearing is pP, where p
is the coefTicient of friction of the PTFE slider and P is the
vertical load on the bearing. This may be carried by the
urethane disc without a separate shear-resisting device,
provided that the disc is held in place by positive locating
devices, such as recesses in the top and bottom plates,

The 15 percent factor applied to the service limit state
vertical load approximates a strength limit state horizontal

design force.
Maxinum extreme event limit state forces should be

considered when the bearing is not intended to act ag a
fuse or ireparable damage is not permitied.
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14.7.8.5 Sieel Plates

The provisions of Sections 3, 4, and 6 of these
Specifications shall apply as appropriate.

The thickness of each of the upper and lower stee]
plates shall not be less than 0.045 Dy, where D, is the
diameter of the disk element. ifit is in direct contact with a
steel girder or distribution plate, or 0.06 Dy if it bears
directly on grout or concrete.

14.7.9 Guides and Restraints
14.7.9.1 General

Guides may be used to prevent movement in one
direction. Restraints may be used to permit only limited
movement in one or more directions. Guides and restraints
shall bave a low-friction material at their sliding contact
surfaces.

14.7.9.2 Design Loads

Guides or restraints shall be designed at the strength
limit state for the larger of either:

» The horizontal force from applicable sirength
load combinations specified in Table 3.4.1-1, or

¢ 15 percent of the total vertical force from
applicable service load combinations specified in
Table 3.4.1-1acting on all the bearings at the bent

divided by the number of gnided bearings at the
bent.

Guides and restraints shall be designed for applicable
seismic or other extreme event forces using the extreme
event limit state load combination of Table 3.4.1-1 and, in
the case of seismic, the provisions in Article 3.10.9.

14.7.9.3 Materials

For steel bearings, the guide or restraint shalt be made
from steel conforming to AASHTO M 270 (ASTM
A 709), Grades 36, 50, or 50W or stainless steel
conforming to ASTM A 240. For aluminum bearings, the
guide may also be alumimm.

The low-friction interface material shall be approved
by the Engineer.

14-78A

C14.7.8.5

The plates should be thick encugh to umiformly
distribute the concentrated load in the bearing, Distribution
plates should be designed in accordance with Article 14.8.

C14.7.9.1

Guides are frequently required to control the direction
of movement of a bearing. Ifthe horizontal force becomes
too large to be carried reliably and economically on a
guided bearing, a separate guide system tnay be used,

C14.7.9.2

The minimum horizontal design load, taken as
ten percent of the factored vertical load, is intended to
account for responses that cannot be calculated reliably,
such as horizontal bending or twisting of a bridge deck
caused by nonuniform or time-dependent thermal effects,

Large ralios of horizontal to vertical load can lead to
bearing instability, in which case a separate guide system
should be considered

The 15 percent factor applied to the service limit state
vertical load approximateg a strength limit state horizontal

design force.
Maximum extreme event limit state forces should be

considered when the bearing is not intepded to act as a
fuge or jrreparable damage is not perrpitted.

Ci4.79.3

Many different low-friction maierials have been usad
in the past. Because the tota] transverse force at a bent is
usually smaller than the total venical force, the guides may
coniribute less toward the tolal longitudinal friction force
than the primary sliding surfaces, Thus, material may be
used that is more robust but causes higher friction than the
primary material. Filled PTFE is common, and other
proprietary materials, such as PTFE-impregnated metals,
have proven effective.
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14.7.9.4 Geometric Reguirements

Guides shall be parallel, long enough to accommodate
the full design displacement of the bearing in the sliding
direction, and shall permit a minirmum of 0.03125-in. and a
maximum of 0.0625-in. free slip in the restrained direction.
Guides shail be designed to avoid binding under afl design
loads and displacements, including rotetion,

14.7.9.5 Design Basis
14.7.9.5.1 Load Location

The horizontal force acting on the guide or restraint
shall be assumed to act at the centroid of the low-friction
nterface material. Design of the connection between the
guide or restraint and the body of the beanng system shail
consider both shear and the overturning moments so
caused.

The design and detailing of bearing components
resisting lateral loads, including seismic and other extreme
event loads determined as specified in Article 14.6.3.1,
shall provide adequate strength and ductility. Guide bars
and keeper rings or nuts at the ends of pins and similar
devices shall either be designed to resist all imposed loads
or an alternative load path shall be provided that engages
before the relative movement of the substructure and
superstructure is excessive.

14.7.9.5.2 Contact Stress

The contact stress on the low-{riction materal shall
not exceed that recommended by the manufacturer. For
PTFE, the stresses at the service limit state shall not
exceed those specified in Table 14.7.2.4-1 under sustained
loading or 1.25 times those stresses for short-term loading.

C14.7.94

Guides must be parallel to avoid binding and inducing
longitudinal resistance. The clearances in the transverse
direction are fairly tight and are inended to ensure that
excessive slack does not exist in the system. Free
transverse slip has the advantage that transverse restraint
forces are mnot induced, but if this is the objective a
nonguided bearing is preferable. On the other hand, if
applied wransverse londs are intended to be shared among
several bearings, free slip causes the load to be distributed
unevenly, possibly leading to overloading of one guide.

Ci4.7.9.5.1

Guides are often bolled to the slider plate to avoid
welding distortions, Horizontal forces applied to the guide
cause some overfuming moment, which must be resisted
by the bolts in addition to shear. The tension it the boit
can be reduced by using a wider guide bar, If high-strength
bolts are used, the threaded hole in the plate should be
deep enough to develop the full tensile strength of the bolt.

Some press-fit guide bar details in common use have
proven unsatisfactory in resisting horizontal loads. When
analyzing such designs, consideration should be given to
the possibility of rolling the bar in the recess (SCEF,
1991).

Where guide bars are recessed into a machined slot,
tolerances should be specified to provide a press fit. The
guide bar sbould also be welded or bolted to resist
overtuming,.

Past earthquakes have shown that puide and keeper
bars and keeper rings or nuts at the ends of pins and other
guiding devices have failed, even under moderate seismic
loads. In an experimental investigation of the strength and
deformation characteristics of rocker bearings (Mander et
al., 1993), it was found that adequately sized pintles are
sometimes capable of providing the necessary resistance to
seismic loads,

Ci4.7.9.5.2

Appropriate compressive stresses foT proprietary
materials should be developed by the Manufacturer and
spproved by the Engineer on the basis of test evidence.
Strength, cold flow, wear, and friction coefficient should
be taken into consideration.

On conventional materials, higher stresses are allowed
for short-terrn loading becauwse the limitations In
Table 14.7.2.4-1 are based parlly on creep considerations.
Short-term loading includes wind, earthquake, etc., but not
thermal or gravity effecls,
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14.7.9.6 Attachment of Low-Friction Material

The low-friction materal shall be attached by at least
any two of the following three methods:

e  Mechanical fastening,

¢ Bonding, and

»  Mechanical interlocking with a metal substrate,
14.7.10 Other Bearing Systems

Bearing systems made from cormponents not specified
in Articles 14.7.1 through 14.7.9 may also be used, subject
1o the approval of the Engineer. Such bearings shall he
adequate to resist the forces and deformations imposed on
thern at the service and strength limit states without
material distress and withouwt inducing deformations
detrimental 1o their proper functioning. At the extreme
event limit siate, bearings which are degigned to act as
fuses or sustain trreparable damape may be permitted by

the Owner provided loss of span is prevented,

The dimensions of the bearing shall be chosen to
provide for adequate movements at all times, Matenials
shall have sufficient strength, stiffness, and resistance to
creep and decay to ensure the proper functicning of the
bearing throughout the design life of the bridge.

The Engineer shall determine the tests that the bearing
shall satisfy. The tests shall be designed to demonstrate
any potential weakness in the system under individual
compressive, shear, or rotational loading or combinations
thereof. Testing under sustained and cyclic loading shall
be required.

C14.7.9.6

Some difficulties have been experienced where PTFE
is attached to the metal backing plates by bonding alone.
Ultra-violet light attacks the PTFE surface that is etched
prior to bonding, and this has caused bond failures. Thus,
at least two separate methods of attachment are required.
Mechanical fasteners should be countersunk fo avoid
gouging the maling surface,

C14.7.10

Tests cannot be prescribed unless the nature of the
bearing is known. In appraising an altemative beaning
system, the Engineer should plan the test program
carefully because the tests constitute a larger part of the
quality assurance program than is the case with more
widely used bearings.

In bearings that rely on elastomeric components,
aspects of behavior, such as time-dependent effects,
response to cyclic loading, temperature sensitivity, etc.,
should be investigated.

Some bearing tests are very costly to perform, Other
bearing tests cannot be performed because there is no
available test equipment in the United States. At the
present time, the largest U.S. facility for testing bearings in
combined axial load and shear is the Seismic Response
Modification Device Test Facility at the University of
California. San Diegop constructed by Caltrans. This
facility can test bearings of all kinds wp to 12.000-kip axia
load capacity and 2.000-kip transverse load capacity
(HITEC 2002). Nevertheless, the following test
requirements should be carefully considered before
specifying them (SCEF, 1991):

e  Vertical loads exceeding 5,000 kips,

»  Horizontal loads exceeding 500 kips,

¢  The simultaneons application of herizonta] and
vertical load where the horizontal load exceeds
75 percent of the vertical load,

¢ Traxial test loading,

¢ The requirement for dynamic rotation of the test
bearing while under vertical load, and

s  Coefficient of friction test movements with
normal loads greater than 250 kips.
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14.8 LOAD PLATES AND ANCHORAGE FOR
BEARINGS

14.8.1 Plates for Load Distribution

The bearing, together with any additional plates, shall
be desigmed so that:

e  The combined system is stiff enough to prevent
distortions of the bearing that would impair its
proper functioning when subjected to service and
strenpth limit stete loadings, and maximum
extrerne event loadings when required;

#  The stresses imposed on the supporting structure
satisfy the limits specified by the Engineer and
Sections 3, 6, 7, or §; and

e  The bearing can be replaced within the jacking
height limits specified by the Engineer without
damage to the beanng, distribution plates, or
supporling structure. If no limit is given, a height
of 0.375 in. shall be used.

Resistance of steel components shall be determined in
accordance with Section 6.

In lieu of a more refined analysis, the load from a
bearing fully supported by a grout bed may be assumed to
distribute at a slope of 1.5:1, horizontal to vertical, from
tbe edge of the smallest element of the bearing that resists
the compressive load.

The use and design of bearing stiffeners on steel
girders shall comply with Section 6.

Sole plate and base plate connections shall be
adequate to resist latera} loads at the streneth limit state.
These conmections shall alsg be adequate to resist the
maximum seismic and other extreme event lateral loads
unless the bearings are degigned to act as fuses or sustain
irreparable damage. Sole plates shall be extended to allow
for anchor bolt inserts, when required.

14.8.2 Tapered Plates

If, under full permanent load at the mean annual
temperature for the bridge site (at the service limit state
with all load factors equal to 1.0), the inclination of the
underside of the girder to the horizontal exceeds 0.01 rad,,
a tapered plate shall be used in order to provide a level
surface,

Ci4.8.1

Large forces may be concentrated in a bearing that
must be distributed so as not to damage the supporting
structure. In general, metel rocker and roller bearings
cause the most concentrated loads, followed by pots,
discs, and sphericels, whereas elastomeric bearings
cause the least concentrated loads. Masonry plates may
be required to prevent damage to concrete or grout
surfaces.

Many simplified methods have been used to design
masonry plates, some based on strength and some on
stiffnegs. Several studies have indicated that masonry
plates are less effective in distrihuting the load than these
simplified methods would suggest, but the cost of heavy
load distribution plates would be considerable (McEwen
and Spencer, 1981; Saxena and McEwen, 1986). The
present design rules represent an attempt to provide a
uniform basis for design that lies within the range of
traditional methods. Design based on more precise
information, sucb as finite element analysis, is preferable
but may not be practical in many cases.

Some types of bearings were only developed in Lhe Jast
20 or 30 years, so their longewvity has yet to be proven in the
field. Hence the requirernent for bearing replaceability.

One common way to provide for replacement is tousea
masonry plate, attached to the concreie pier head by
embedded anchors or anchor bolts, The bearing can then be
aftached to the masonry plate by seating it in 2 machined
recess and bolting it down. The bridge needs then to be lifted
only through a height equal to the depth of the recess in order
to replace the bearing. The deformation tolerance of joints
and seals, as well a5 the stresses in the structure, should be
considered m determining the allowable jacking height,

C14.8.2

Tapered plates may be used to counteract the effects
of end slope in 2 girder. In ali but short-span bridges, the
dead load will dominate the forces on the bearing, so the
tapered plate should be designed to provide zero rotaticn
of the girder under this condition, The limit of 0.01 rad
out of level corresponds to the 0.01 rad. component, which
is required in the design rotation in Article 14.4,
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14.8.3 Anchorage and Anchor Bolis
14.8.3.1 General

Allload distribution plates and bearings with external
steel plates shall be positively secured to their supports by
bolting or welding.

Al girders shall be positively secured to supporting
bearings by a connection that can resist the horizontal
forces that may be imposed on it unless fusing or
irreparable damage is permitted at the extreme event limit
state, Separation of bearing components shall net be
permitted at the strength limit state. Connections shall
resist the least favorable combination of loads et the
strength limit state and shall be installed wherever deemed
necessary to prevent separation.

Trusses, girders, and rolled beams shall be securely
anchored to the substructure, Where possible, anchor boits
should be cast in substructure concrete, otherwise anchor
bolts may be grouted in place. Anchor bolts may be
swedged or threaded to secure a satisfactory grip upon the
material used to embed them in the holes.

The resistance of the anchor bolts shall be adequate
for loads at the strepgth limit state and for the maximum
loads at the extreme event limit state wnless the bearings

are designed to act as fuses or sustain irrepargble damage.
The tensile resistance of anchor bolts shall be
determined as specified in Article 6.13.2,10.2.

The shear resistance of ancbor bolts and dowels shall
be deterrnined as specified in Article 6,13.2.12.

The resistance of anchor bolts in combined tension
and shear shall be determined as specified in
Article 6.13.2.11.

The bearing resistance of the concrete sball be taken
as specified in Aricle 5.7.5. The modification factor, m,
shall be based on a nonuniformly distributed bearing
stress.

14.8.3.2 Seismic and Other Exireme Event
Design and Detailing Requirements

Sufficient reinforcement shall be provided around the
anchor bolts to develop the level of horizontal forces
considered at the extreme event limit state and anchor
them into the mass of the substructure unit. Potential
coucrete crack surfaces next to the bearing anchorage shall
be identified and their shear friction capacity evaluated as
required.

Cl14.8.3.1

Bearings should be anchored securely to the support
to prevent their moving out of place during construction or
over the life of the bridge. Elastomeric bearings may be
left without anchorage if adequate friction is available, A
design coefficient of friction of 0.2 may be assumed
between elastomer and clean concrete or steel,

Girders may be located on bearings by bolts or pintles.
The latter provide no uplift capacity. Welding may be
used, provided that it does not cause damage to the bearing
or difficulties with replacement.

Uplift should be prevented both among the major
etements, such as the girder, bearing, support, and between
the individual compnnents of a bearing. If it was allowed
to occur, some parts of the structure could be misaligned
when contact was regained, causing damage.

Anchor holts are very susceptible to brittle failure
during earthquakes or other exireme events. To increase
ductility, it has been recommended in Astaneh-Asl et al.
(1994} to use upset anchor bolts placed imside hollow
sleeve pipes and oversized holes in the masonry plate.
Thus, deformable bearing types may use the anchor bolts
as the ductile element (Cook and Klingner, 1992).

Bearings designed for rigid load transfer, especially at
the extreme event limit state, should not be seated on grout
pads or other bedding materials that can create a sliding
surface and reduce the horizontal resisiance,

Seismic loading of the anchor bolts has often resulted
in concrete damage, especially when they were too close to
the edge of the bearing seat. Guidelines for evaluating
edge distance effects and concrete strength requirements
may be found in Ueda et al. (J%90), among others.

For glgbal design of gnchorages to concrete, refer to
Building Code Requirements for Structural Concrete
{ACI 318-05), Appendix D,

As an approximation, the bearing stress may be
assumed te vary linearly from zero at (he end of the
embedded length to its maximum value at the top surface
of concrete,
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14-83A

14.9 CORROSION PROTECTION

All exposed steel parts of bearings not made from
stainless steel shall be protected against corrosion by zinc
metatization, hot-dip galvanizing, or a paint system
approved by the Engineer. A combination of zinc
metalization or hot-dip galvanizing snd a paint systern may
be used.

C14.9

The use of stainless steel is the most reliable
protection against corrasion because coatings of any sort
are subject to damage by wear or mechanical impact. This
is particularly important in bearings where metal-to-metal
contact is inevitable, such as rocker and rolter bearings.
Weathering steel is excluded because it forms an oxide
coating that may inhibit the proper functioning of the
bearing.

When using hot-dip galvanizing for corrosion
protection, several factors mmst be considered.
Embrittlemnent of very high-strength fasteners, such as
AASHTO M 253 (ASTM A 450) bolts, may occur due to
acid cleaning (pickling) before galvanizing, and quenched
and ternpered material, such as Grade 70W and 100W,
may undergo changes in mechanicel properties, so
galvanizing these should be avoided (see ASTM A 143 on
avoiding embritilement). With good practice, commonly
used steels, such as Grades 36, 50, and 50W, should not be
adversely affected if their chemistry and the assembly’s
details are compatible (see ASTM A 385 on ensuring high-
quality coating). Certain types of bearings, such as
intricate pot or spherical bearings, are not suitable for hot-
dip galvanizing.
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