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'TOPiC{ PILE DESIGN FOR,SKEH INTEGRAL ABUTMENT BRIDGES

1.0 Biaxial Bending - Stress Criteria

- Piles in skewed integraluabutment bridges may bevbent about both
~ the strong and weak axis as the bridge expands and contracts. The design
criteria breeented'in the'feport can be generalized to biaxial bending
'var Case Aﬂ(caeecify df tHe pf]e ae a sfructura] membef). FCase B and
Case C criterta require no generalization. o | |
When the'pile‘endergoes biaxial bending, twb separate equivalent
cantilevers must be deve1oped. Each can be defined as described in the
veport, Sec. 5.2.1. For behding about the strong or x axis, the length
df the.equiva]ent cantilever wiil be denoted by Ly and the pi
:placement as Ax;' For y axis bending, Ly isvthe length of the equiva]eht
cantilever and Ay is the displacement. The corresponding”soil stiffnesses

are kpx and'khy. The generalized equations for Service Load Design are:

fa. Cmx fbx : Cny fby
c a0 Rk G- Ry o (M)
Fex'™ Fey
fa ox Ty (2)




in which

3

'fa = applied axial stress
fbx,vfby = appliedfstress for‘bendimg:about the X and yvaxes, respectively
Fy.= yield stress | '

Fa = allowable axial stress
Fbxs Fby = a110m3b1e streSS-for‘ben&ing about:thevx.and'y axes, resbective1y
~ Fex's Fey"— Euler buck11ng stress divided by a- factor of safety
| | for buck71ng about the x and y axes, reSpect1ve1y

me,'Cmy = equlvaTent moment factor for x and y bending, respectively.

1.1. Alternative One
As described in Sec. 5 2. 3 1 of the report A]ternative One accounts
for first order thermal streSSes. The moments for b1ax1a1 bend1ng of

the fixed-head pile are

6EIyay

My = ' 3)
X L2 - (3
X
- 6EIyay ' '
Yoy \ :
My = — ' o 4
- Lz o | - -(.)
Y

* where My and My are the bending moments:andblx'and Iy are the moments

of inertia ab0ut'the strong and Weak_éxis,'respeetively.

1.2. A]ternat1ve Two -

In Alternat1ve Two, the stresses 1n the pi1e caused by thermal d1s-
p]acement of the br1dge are neg]ected but the Pa effect is included.
As 1n Sec 5.2.3. 2. of the report, the moments for the f1xed head p11e

for th1s a]ternat1ve are

M= P2 S )



My = Pay/2 | : - (6)

1.3.A Compar1son with Finite E]ement

In prev1ous work conducted for the Iowa- Department of Transportat1on
(1], the f1n1te element programs IAB2D and the three d1mens1ona] version,
VIAB3D were used to analyze end bearing piles bent about the strong axis
(Ay equa] zero) and about a 45 degree axis (Ay equal Ay). Fig. 6.20 (a
and b) ende6.22 (a end b) in [1] present the results as plots of P/Py
versus Ay, in which P is.the pile capacity corresponding te Ay and Pq
is.the pile capacity for Ax equal zero. Six soil types are‘presented.
Thesejresu]ts are compared to Eq. (1) and (2) in the following Fig. 1
' and.2; respectively. (For the comparison purbbsee, the factor of safety .
has been removed from Eq. (1) & (2)). The conclusions from this comparison
‘are the same es tn Sec.  5.2.3.3. of the report: |

(1) Both Alternative One and Two are censervative and

(2) Alternative One is very conservat1ve and would d1ctate

relatively short-integral abutment bridges.

ATternative-Two'js recommended if the pile has sufficient inelastic rotation
capacity.

2.0. Inelastic Rotation Capacity

A1ternat1ve Two requires that the p11e have sufficient 1ne1ast1c
‘rotation capac1ty to perm1t some red1str1but1on of the pile forces dur1ng
: the therma] expans1on; The fol]ow1ng section generalizes the 1ne1ast1c
»retetjon Eapaeity'developments in Sec. 6.1.1.2. of the report to the biaxial

- case.



2.1. Uniaxial Bend1ng

In th1s section, the conservat1ve nature of the inelastic rotation
capacity in Sec 6.1.1. 2 of the report is demonstrated and a more appropr1-
ate value is suggested The inelastic rotat1on capac1ty of a p]ast1c
h1nge is presented_1n Eq. (6.51) of the report as

éic =3Ci op - R , _v - (7)
in wh1ch C1 is an 1ne1ast1c rotat1on capac1ty reduction factor g1ven 1n.;
.Eq. (6 52) of the report and

N

- EI | _ '
is the elastic rotation corresponding‘to Mp. In the report, Lp was taken
as the 1ength of the plastic hinge [21. |

"Work by Lukey and Adams [3] indicdted that Eq. (7)'and (8) are quite

 conservat1ve; They tested several simply-supported beams with a center
concentrated'load'and plotted ductility (3 Cj) versus bf/tf. " Eq. (6.52)
of the report fits this plot we]], Lukey and Adams used the length Lp
-equal to one-half thezspan length of the simply supported beems or, in
genera],'the distance from the maximun moment to the inf1ection_point.
The resu]tind'rotation Op is the rotation between the tanoentstto the
ve]ast1c curve on each s1de of the p]ast1c h1nge For a- fixed head equiva-.
lent cant11ever, the_]ength %p is L/2. The 1ne1ast1c rotat1on capac1ty
_:at a plastic hinge at a fixed support will be one-half of the inelastic
rotation capacity at the'p]astic htnge #ﬁ a simply supported beam,.since_
a fixed beam corresponds to one -half of a symmetr1ca1]y 1oaded S1mp1e
beam. Hence, app1y1ng the results in Ref. [3] for a flxed head equ1va1ent'

cantilever of 1ength L the 1ne]ast1c rotat1on capac1ty becomes

ML o -
e | - ()




L ——

shapes.

Other authors [4,5,6] have developed a different expression for inelas-

tfc‘rotatiOn capacity, but the. study in Ref. [3] has demonstrated that

this expression was non-conservative for large bf/tf values such as HP

As a numericaTvexample, consider an HP10x42 as a fixed head equivalent

cantilever with a 12 ft. length and Fy equal to 36 ksi. Eq. (7) and
' _(8); which are from the report, predict an inelastic rotation capacity

- for strong axis bending of 0.0062 radians. Eq. (9) predicts 0.024 radians,

whereas the work in Ref. [4] yields 0.039 radians. Eq. (9) is recommended.
The inelastic rotation demand given by Eq. (6.48) of the report does
not account for removing the girder load after the pile has been displaced

to Point D' in Fig. 6.6. This unloading will cadSe an additioha1 rotational

~ demand from Point D' to Point D by an amount S,. Therefore, the total

rotational demand can be expressed as

M,L
é - _E_. ) + @w : ,
L - 6EI | (10)

%p =2

Eq. (6.50) in fhe report is inappropriate. Also, 9Q-shou]d be interpreted

as_the']ive Toad rotation only.
| JThe.ine1astic_rOtation demand, Eq. (10), must be less than the inelas-

tic rotation capacity, Eq. (9); therefore,

“in which
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and My is the live load moment corresponding-to Ow. Now, if the live
10ad‘stresslis conservatively assumed to be equal to the a]]bwab]e'bending
stress of 0.55 Fy, Eq.’(ll) can be simplified by letting

- 3M,, 3(0.55 Fy)S | k
= = ——— = 0.4 - - (13)

My, O AFyI
where S is the section modulus. The shape factor (Z/S) has been conser-
vatively taken as one. With this simplification, Eq. (11) can be rewritten

with a factor of safety as

a < ay= oap (0.6+2.25¢H) - (18)
“in which, for a fixed-head pile,

_ FpsL2

A (15)
6EI ' ’
With appropriate subscripts, Eq. (14) and (15) apply to both the x and

y axes.

2.2. Biaxial Bending =

: '.No'published work could be found Wﬁiéh described-the iﬁe}agtic rotation
capacity for biaxial bending. In fact, all of thé'avaiiab1e'§ub1i¢ations
related to strong axfs.bending*Only. TQé deve]opment'fn the previous |
section implicidly assumed that the pgb]ﬁéhed_work [3] was a conservative
bound of the weak axis céSe. 'For'biaxiéi.bending, the strain at the.extrehé
fiber of the f]ahge will be assumed to éontro] flange buckling and, thereby,
1imit'tﬁe inelastic rotation.cépacity. The inelastic strain demand at

the extreme. fiber can be written as



[

_ d b
€iD = $ixD — + ¢iyD —
2 2

(16)

y -0

in wh1ch ®ixp and %jyp are the 1ne1ast1c curvature demands for the x and

'y axes, respect1ve]y They are proport1ona] to the 1ne1ast1c rotation

_ demands jxD and e1yD’ which are discussed in Sec 2 1. The cr1ter1a

that 1ne]ast1c strain demand, iD» be 1ess than” the 1ne1ast1c stra1n capac1ty,

ﬂc, g1ves
$ixD (d/2) . ®iyD (b/2) L ‘ :
€iC €4iC - - a7
or,
¢ixD ¢iyD
+ y <1

®ixC ®iyc — (18)

in which the inelastic curvature capacities are ¢jyc and ¢yc for the

x and y axes, respectively. Since curvatures are proportional to rotations,

Eq. (18) cadva]so'be written as

0. 0.
D D
ixo iy

_ ¢ 19)
. @ixC OiyC — (19)

Substituting Egs. (9) andr(10),:specialized for x and y axis bending,

_into Eq. (19) ahd applying the conditions expressed in Egs. (11) and (13),

gives

:/,Ay ‘\
- 0.6 i — - 0.6
i Dpy.
+ | <1
: 20
- Q.6 - 0.6

dpy




~in which Ax'ahd Ay represent the displacement for bending about the x

and y.axes,'respectivély. The quantities Apxs Bpy> Dix and_Aiyjaré obtained

_ from Eqs;'(12) and (14), specialized to the x and y axes. Note'fhat a

factor of safety has been incorporated into Eq. (14). For design purposes,

‘Eq. (20)_can'be conéervative]y'boqnded by the simple 1ntéracti0n'equation.
Ay by

~ o+ L <1 |
Bix Aiy — _ : (21)

which'is appropriate for design.

3.0 SuMmarz
In summary, the design Eriteria‘for'stress in intégkal'abutment éi]es
under biaxial bendjng are summarized in Eq. (1) and (2). Fpr.Alpernative 
One which'ihciudes thermal stressés, the bending moments are giveh 6y' |
Eq. (3)'and’(4). A]ternatiye Two which‘neg]ectsbthermalzstfésses hés"
moments as given in Eq. (5) and (6)T The ductility requirements of Alterna-.
tive Two are satisfied by Eq. (21) where &jx and Ay are given by-Eq. . |

(14).
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Fig. Ultimate vert1ca1 load ratio (end-bearing pile

about strong axis).
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axis) in Iowa soils.

Fig, 2. Ultimate vertical load ratio (end-bearing piles about 45°%
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_ ey 0
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FiguteL6.l. Section through abutment and soil profile.
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