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FOREWORD

Dames & Moore and their subcontractor, Inca Engineers, have prepared this Manual of Practice
for conducting bridge foundation-soil interaction analyses. The manual is intended to assist engineers in
the Bridge Design office at the Washington State Department of Transportation (WSDOT) who perform
dynamic analysis of bridge-foundation systems. The primary purpose of the manual is to present practical
and accurate methods for estimating the foundation stiffness matrices for abutment or pier foundations
supported on footings or piles. These matrices are needed for soil-structure interaction analysis to more
accurately determine the seismic loads acting on the bridge superstructure and on the abutment and pier
foundations.

This Manual of Practice consists of two volumes. Volume I presents five bridge example
problems:

1. Coldwater Creek
2. Deadwater Slough
3. Ebey Slough

4. Northrup Way

5. FHWA

The first four examples are actual WSDOT bridges and the fifth example is a fictitious bridge that
appeared in a 1991 FHWA course notebook on seismic design of highway bridges.

. Volume II presents the input and output files of the SEISAB computer program for the dynamic
soil-structure interaction analysis of bridges. The SEISAB computer program is currently used by
WSDOT in the seismic design of Washington state bridges.

Dames & Moore recommends the FHWA and Novak methods to estimate bridge foundation
stiffness matrices. These methodologies are presented in detail in the Coldwater Creek example problem
in Volume 1. In this example, the basic theory and relevant equations or inputs for implementing these
methodologies are provided first and are immediately followed by their application to the Coldwater
Creek bridge. The appropriate equations or inputs from the FHWA and Novak methodologies presented.
in the Coldwater Creek example problem are identified and applied in the other four bridge example
problems.

Volume I also contains three appendices. The basis for the recommendation of the FHWA and
Novak methods is provided in Appendix A, which is a reproduction of the 1992 Dames & Moore report
to WSDOT on the evaluation of methods to estimate foundation stiffnesses. Appendix B consists of
selected pages from the BMCOL 76 computer program user guide; this computer program, which
computes the load-deflection and moment-rotation curves for single piles, is part of the FHWA
methodology. Appendix C presents the method for transforming the foundation stiffness matrices from
one coordinate system to another. This transformation process is important because the coordinate
systems assumed in the FHWA and Novak methods are generally different and therefore are not
necessarily the same as the SEISAB coordinate system. Coordinate transformations are also discussed
in the Coldwater Creek example problem. '
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EXAMPLE NO. 1

COLDWATER CREEK BRIDGE
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1.0 DESCRIPTION OF BRIDGE AND FOUNDATION SOILS

The Coldwater Creek Bridge is a 3-span, slightly-curved, composite-steel, plate-girder
bridge approximately 500 feet long (Figure 1.1). The seat-type (or L) abutments (Piers 1
and 4) at the ends of the bridge (Figures 1.2a and 1.2b) are supported by three rows of
battered H piles (HP 14 x 89 - 5 per row) which penetrate through a medium dense saridy
gravel and terminate in Andesite bedrock. The piles are about 30 feet long and are
embedded one foot in a concrete pile cap, 45’ long x 13°6" wide x 4’ thick, which supports
the seat-type abutment. A construction joint with a roughened surface separates the cap
from the abutment seat. The concrete abutment walls are 1’5" thick and are approximately
10 feet high. A construction joint with a roughened surface separates the wall from the seat.
Continuous reinforcing steel bars pass through this construction joint and the joint between

the seat and the cap.

Triangular-shaped concrete wingwalls, approximately 20 feet long, are attached to each
side of the abutments (Figures 1.3a and 1.3b). The soil .behind the abutment-wingwall

system is predominantly stiff fill.

Each of the two intermediate bents (Piers 2 and 3) consists of a reinforced concrete
cross beam supporting the girders (Figures 1.4a and 1.4b).‘ This cross beam in turn is
supported by two cylindrical reinforced concrete columns, six feet in diameter. Each column
is supported by a square concrete footing that bears on the Andesite bedrock. The
dimensions of the Pier 2 and Pier 3 footings are 18'x18'x4’-2" thick and 17-4" x 17-4" x 4

thick, respectively.
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2.0 SEISMIC DESICN PARAMETERS

The ground acceleration coefficient for the seismic design of the Coldwater Creek
Bridge was 0.55. The appropriate soil category was Soil Type I, which is bedrock or
shallow stiff soil over bedrock. The ATC-6, 5% damped response spectrum (Figure 2.1)
for this soil type was normalized to 0.55 g and was used in the dynamic response analysis
of the bridge by WSDOT. This same spectrum will be used in the example problem
presented herein for the bridge. The spectrufn will be modified where appropriate to
account for the 7% % damping recommended for those modes of vibration where soil-

structure interaction is significant.

3.0 SOIL PROPERTIES

The soil parameters provided by WSDOT for the fill and sandy gravel soil layers are:

y = total density in pcf

¢ = cohesion in psf

¢ = friction angle in degrees

k = modulus of subgrade reaction in pci
G = low-strain shear modulus in psf or ksf
v = Poisson’s Ratio

Values of G, v, and y were also provided to characterize the Andesite bedrock.

Because the behavior of soil is nonlinear during strong shaking, simple procedures
were implemented to approximately account for the effect of this nonlinearity on the
computation of the abutment and pier foundation stiffnesses. These procedures are
described below, and they are illustrated in the subsequent sections dealing with the

foundation stiffness computations.
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At locations where the ground acceleration coefficient Z is less than 0.2, then
modifications to the low-strain elastic soil properties or the load-deflection curves for the

piles (i.e. t-z, Q-z, and p-y curves) are not recommended.

However, at locations of high ground acceleration where Z > 0.2, then the following
modifications are recommended in the FHWA and Novak methods. For footings and
abutment walls, reduce the low-strain G value by 50%. Implement the same reduction
in G for the pile-head stiffness calculation using the Novak method. For the calculation
of the pile-head stiffness following the FHWA approach, compute the t-z, Q-z, and p-y
curves using the low strain G or k values and reduce the resulting t, z, and p amplitudes

by 50%

The above recommendations are suitable for locations where soil liquefaction is not
anticipated. If soil liquefaction is expected for a given Z value, then site-specific studies
are recommended to determine the extent of the liquefaction before estimating soils

properties.

4.0 PIER 1 STIFFNESS CALCULATION - FHWA METHOD

In this section the calculation of foundation stiffnesses using the FHWA (1986)
method is presented in detail for Piers 1 and 2 of the Coldwater Creek Bridge. (The use
of the Novak method is illustrated in Section 5.0). Because Piers 3 and 4 are similar to
Piers 2 and 1, respectively, only the final results of the stiffness calculations will be

presented for Piers 3 and 4.

A side-elevation view of the abutment and the soil-property profile at Pier 1
(NW Abutment) is shown in Figure 4.1. The basic approach to compute the foundation
stiffness matrix at this pier is to first compute the pile-group stiffness, abutment-footing

(pile cap) stiffness, and abutment-wall stiffness, and then combine these stiffnesses to

3
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obtain the abutment stiffness matrix at a specified point on the abutment foundation.
This point (Point O in Figure 4.1) is located on top of the 4-foot thick footing at its

geometric center.
4.1  PILE-STIFFNESS CALCULATION

Individual pile-head stiffnesses are first computed at the point where the piles enter
the abutment footing. Several steps are involved in this calculation. First, the
appropriate length parameters of the HP 14 x 89 piles are estimated (Section 4.1.1) and
used in the calculation of the so-called t-z (vertical load - vertical deflection), Q-z (tip

load - tip deflection), and p-y (lateral load - lateral deflection) curves.

The t-z and p-y curves specify the resistances provided by the soil bearing against the
pile subjected to vertical and axial loads, and can be visualized as the force-deformation
relationships of springs attached to small incremental pile segments comprising the pile.
The Q-z curve is simply the force-deflection relationship of the pile tip and end-bearing
soils. The calculation of the t-z and Q-z curves is illustrated in Sections 4.1.2 and 4.1.3,
respectively; the p-y curve calculation is illustrated in Section 4.1.4. These curves are
input to the computer program BMCOL-76 (Matlock et al, 1981) , which computes the
load-deflection curves of the pile head under either the pinned-head or fixed-head
condition for pile-head fixity. For this example problem, a pinned connection was
assumed. The input to the BMCOL-76 program is described in Section 4.1.5 and the
output is presented in Section 4.1.6. It should be noted that this program is similar to
the COM624 program that has been used by WSDOT.

Because t-z, Q-z, and p-y curves are nonlinear, the pile-head load-deflection curves
are also nonlinear. The procedure to compute the pile-head stiffnesses from the pile-
head load-deflection curves is described in Section 4.1.7. This procedure approximately

considers the nonlinear soil behavior due to strong ground shaking.
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The final step is to compute the pile-group stiffness matrix by using the GPILE
program. Per the recommendation in the Task 1 report (Appendix A), group effects are
neglected. The preparation of the input file and listing of the output from the GPILE
program is presented in Section 4.1.8. The resulting pile-group stiffness matrix is listed

in Section 4.1.9.

4.1.1 Estimation of H-pile Parameters

The cross-sectional dimensions and properties of the HP 14 x 89 pile are provided
in Table 4.1, taken from the AISC Manual. In the figure of the H section shown in this
table, the symbols d and b,; demote the depth of the section and the width of the flange,
respectively. For the calculation of the t-z and Q-z curves in the next section, the pile
perimeter, s, is the relevant parameter, and it is defined as the perimeter of a
circumscribed rectangle of length, d, and width, b Thus, for the HP 14 x 89 pile
(Table 4.1),

»
I

2(d + by) = 2(13.83 in + 14.695 in)
57.05 in.

i

or s

For the calculation of the p-y curves, the di‘r.nensi()n of the side of the circumscribed |
rectangle normal to the applied load is the proper length parameter. Thus, for loads
normal to the web (i.e. loads parallel to x-x axis in the Table 4.1 figure), d = 13.83" is

used as the length. For loads normal to the flange, b, = 14.695" is used.
The cross-sectional area of the H pile from Table 4.1is A = 26.1 in®. The moments

of inertia from Table 4.1 are I, = 904 in* and I, = 326 in*. The Young’s modulus of

the steel H-pile is the standard value, E = 29 x 10° psi.
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Thus, the axial (EA) and flexual (EI) rigidities are:

EA = 7.569 E 08 Ib
EL, = 2622E 10 lb-in’
EL, = 9.454 E 09 Ib-in’

The above information was used in the calculation of the t-z, Q-z, and p-y curves, and

the load-deflection curves of the pile-head.

4.1.2 Computation of t-z Curves

4.12.1 General Procedure. The procedure for computing the t-z curve was adapted
from information in Vijayvergiya (1977), Scott (1981), API-RP2A (1991), and NAVFAC
(1986). The general formula relating the axial resistance (force) provided by the soil per

unit pile length, t, and vertical pile déflection, z, is (Vijayvergiya, 1977).

t=t, tanh(z/z,) 4.1

where t___ is the maximum resistance and z,., is a reference deflection. The form of this

max ref

hyperbolic t-z curve is plotted in Figure 4.2. The parameters, t,, and z ., are computed

from the following formulas:

t =f-s | (4.2)

4,y = /% (43)
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Thus, the axial (EA) and flexual (EI) rigidities are:

7.569 E 08 Ib

EA =
El, =  2622E 10 Ib-in®
EL, =  9.454 E 09 Ib-in’

The above information was used in the calculation of the t-z, Q-z, and p-y curves, and

the load-deflection curves of the pile-head.

4.1.2 Computation of t-z Curves
4.1.2.1 General Procedure. The procedure for computing the t-z curves was adapated from
information in Vijayvergiya (1977), Scott (1981), API-RP2A (1991), and NAVFAC (1986).

The general formula relating the axial resistance (force) provided by the soil per unit pile

length, t, and vertical pile deflection, z, is (Vijayvergiya, 1977):

t =1, tanh(zz, ) 4.1)

where t_, is the maximum resistance and z, is a reference deflection. The form of this
hyperbolic t-z curve is plotted in Figure 4.2 The parameters, t,, and z,, are computed

from the following formulas:
t.=f"s 4.2)

2,y =flk “43)
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where f is the pile-shaft friction in units of stress, s is the equivalent pile perimeter (see

Section 4.1.1), and k s a stiffness parameter given by (Scott, 1981),

k=Gn/2s 4.4)

In Equation (4.4), G is the soil shear modulus. As shown in Figure 4.2, the initial slope

of the t-z curve is k-s .
The pile-shaft friction is computed from the following formula in API RP2A (1991):

a c (cohesive soils) 45
= {Kpotanb (cohesionless soils) (@.5)

where ¢ = undrained shear strength or cohesion of soil,
K = coefficient of lateral earth pressure (ratio of horizontal to vertical normal
effective stress),
p, = effective overburden pressure at point in question, and

§ = friction angle between soil and pile wall.

According to API RP2A (1991),

K = 0.8 (open -ended piles) (4.6)
1.0 (closed-ended or plugged piles)
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Although values of § are suggested in API RP2A, the following values are preferred
(NAVFAC, 1986)

5 - 20° (steel piles) 4.7)
0.75¢ (concrete and timber piles)

where ¢ is the friction angle (in degrees) of the cohesionless soil.

4.1.2.2 Application to Coldwater Creek Bridge Abutment Piles. The calculation of the
t-z curves for input to the BMCOL-76 program is described below for piles supporting

the NW abutment (Pier 1). The pile batter is not considered in these calculations; the
piles are assumed to be vertical. However, pile batter is considered in the calculation

of the pile-group stiffnesses (Section 4.1.8).

Because the soil surrounding the piles is cohesionless, the relevant soil parameters
are p,, ¢, and G. The values of these parameters are shown in Figure 4.3, as taken from
Figure 4.1. The input to BMCOL-76 only requires that the t-z curves be computed at
the top and bottom of each soil layer (i.e. at Elevations A, B, C, and D in Figure 4.3).
The calculation of the t-z curve is illustrated at Elevation A = 2547 ft (at base of the

pile cap). The following equations and figures are used:

Eqn. (4.5): f = Kp,tan é (cohesionless soil - sandy gravel)
Eqn. (4.6): K = 0.8 (H pile is open-ended)
Figures 4.1 & 4.3: p, = 2.12 ksf (= 125 pcf x 16 ft + 115 pcf x 1 ft), 1k = 1,000 Ib
Eqn. (4.7): § = 20° (H pile is steel) |
Therefore, f = 0.8(2.12 ksf) tan (20°)
= 0.62 ksf

From Section 4.1.1, s = 57.06 in = 4.76 ft; use this value to compute t,..
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Parameters for Computation of T-Z Curves
at Elevations A, B, C, and D

p, (ksf)
EL 2564
Fill
EL 2548 2-°°\
EL 2547 @_!
2.12
Sandy Gravel
¢ = 34
G = 1800 ksf
EL 2525 @ry| 465
Dense Gravel
¢ = 36
G = 19,200 ksf 5.49

B EE N Vi N G N N N N

Rock

Notes

P, Effective Overburden Pressure

¢ Friction Angle

G Low Strain Shear Modulus

Figure 4.3



Eqn. (4.2): tg, =f-s
= (0.62 ksf)(4.76 ft)
= 2.95 kpf

Compute the length parameter, z,.

Eqn. (43): <z, =f/k

Eqn. (44): k = Gn/2s
Figures 4.1&4.3: G = 1800 ksf

_ (062 kH@)A.T6 /) _ 00104 fr = 0.0125 in
(1800 ksf)(3.14)

Therefore, z,,,

The above calculation pertains to ground acceleration coefficients, Z < 0.2. For this
example, Z = 0.55. Therefore, reduce t,, in Equation (4.1) by 50% per the
recommendation in Section 3.0, and construct the t-z curve. Thus,

] _ (295 kp z
t=t tanh(Z/Z,,f) = ( 2 /Jtanh(o.0125 in)

A plot of this t-z curve is shown in Figure 4.4, where the units of t,, are Ib/in (rather

than kpf as in the above equation).

A spread sheet containing the values of 10 points on the t-z curves at seven depths
within the soil profile is provided in Table 4.2. The t-z curves for the last four depths
in this table were input to the BMCOL-76 program; these depths correspond to
Points A, B, C, and D in Figure 4.3.
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Stiffness, t (Ib/in)

00

1 ]
0.025
Displacement, z (in.)

1 J
0.050

Figure 4.4
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4.1.3 Computation of Q-z Curve

4.13.1 General Procedure. The procedure for computing the Q-z curve for each pile
tip was adapted from information in Vijayvergiya (1977), Scott (1981), API-RP2A (1991),
and NAVFAC (1986). This formulation is similar to that for the t-z curves. The general
formula relating the resistance (vertical force) provided by soil bearing against the pile

tip, Q, and the vertical tip deflection, z, is (Vijayvergiya, 1977)

Q = Q,, tanh(z/z,) 4.8)

where Q,,, is the maximum resistance and z. is a reference deflection. These

parameters are computed from the following formulas:

Q.. = A4q (4.9)

2,y = a/F, (4.10)

where A is the cross-sectional area of the pile, q is the unit end bearing in units of stress,

and k, is a stiffness parameter given by Scott (1981),
k = Gn/4s (4.11)

The initial slope of the Q-z curve is k, - A, as shown in Figure 4.5.

10
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Form of Q—z Curves

Qmax

Resistance (Q)

k *A

Zref
Displacement (z)

V

Figure 4.5



The unit end bearing, q, is given by (API RP2A, 1991),

_ | 9¢  (cohesive soils) 4.12)
9 PN, (cohesionless soils)

where ¢ = undrained shear strength,
p, = effective overburden pressure at the pile tip, and
N, = dimensionless bearing capacity factor.

q

Values of Nq as a function of friction angle, ¢, are provided in Table 4.3, taken from
NAVFAC (1986).

For situations where the piles bear on bedrock, the development of Q-z curves is not
recommended. In this case, the axial displacement of the pile tip is set equal to zero in

the BMCOL-76 program input file.

4.1.3.2 Application to Coldwater Creek Bridge Abutment Piles. The calculation of the
Q-z curves for input to the BMCOL-76 program is not required for piles supporting the

NW abutment (Pier 1) because the pile tips bear on the Andesite bedrock as shown in
Figure 4.1. Rather, the axial displacement of each pile tip was set equal to zero in the

BMCOL-76 input file per the recommendation above.

4.1.4 Computation of p-y Curves

4.1.4.1 General Procedure. The procedure for computing the p-y curves was taken from

API RP2A (1991). In this reference, formulas are provided that relate the lateral

resistance (load) provided by the soil per unit length of pile, p, and the lateral pile

deflection, y. The same functional form used for the t-z and Q-z curves (i.e. Eqns. 4.1

11
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Capacity parameters of single pile in granular soils.

BEARING CAPACITY FACTORS - Nq

¢*

{OEGREES)

26

28

30

3l

32

33

34

35

36

37

38

39

Nq
(DRIVEN PILE

DISPLACE -
MENT)

2l

35

42

145

Ng **

(DRILLED
PIERS)

17

2

25

38

T2

% UMIT ¢ TO 28° IF JETTING IS USED
%% (A) IN CASE A BAILER OR GRAB BUCKET IS USED BELOW GROUNDWATER TABLE ,CALCULATE END

BEARING BASED ON ¢ NOT EXCEEDING 28°.

(B) FOR PIERS GREATER THAN 24 -INCH DIAMETER,SETTLEMENT RATHER THAN BEARING CAPACITY
USUALLY CONTROLS THE DESIGN. FOR ESTIMATING SETTLEMENT, TAKE 50% OF THE SETTLEMENT
FOR AN EQUIVALENT FOOTING RESTING ON THE SURFACE OF COMPARABLE GRANULAR SOILS.

(CHAPTER S ,DM-7.1).

Ref.: NAVFAC (1986)

Table 4.3



and 4.8), is also used for the p-y curves for sands. A different functional form is used

for clays.

p-y Curves for Sands. The general formula for the p-y curve is

p = Ap, tanh(y /y) C @1m)

where: A is a factor to account for cyclic or static loading conditions; p, is the

ultimate bearing capacity at depth H and is in units of force/length; and, y. is a

reference length. The parameters A, p., and y, are computed from the following

formulas:

A = 0.9 (cyclic or earthquake loads) 4.14)

_ . J(CH + CD)p, (4.15)
pll = min { C3Dp0

Ap, (4.16)
kH

Yo =

where: C,, C,, and C; are functions of friction angle, ¢, and are plotted in Figure 4.6;
D is the average (or equivalent) pile diameter; p, is the effective overburden pressure
at depth H; and, k is the modulus of subgrade reaction in units of force/length® and is
given in Figure 4.6 as a function of ¢. For cylindrical piles of constant cross section, D
is the outside pile diameter; for tapered cylindrical piles that are fully embedded in the

12
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soil, D is the average pile diameter from the pile top to depth, H. For floating tapered

piles, D is the average pile diameter from the ground surface to depth, H.

For rectangular pile cross-sections, D is the length of the side normal to the loading
direction. In the case of H piles, D is either the flange length, b;, or the depth of the
section, d (see Table 4.1), whichever is normal to the loading direction. For octagonal

piles, D is the diameter of a circle that circumscribes the octagonal section.

The notation, min {  }, in Equation (4.15) for p, means that the value of p, to be
used is the smaller of the two values obtained from the top and bottom expressions with

the { }.

p-y Curves for Clay. The general formula for the p-y curve is

%) ‘ 1/3
p - l/-{’..(y/yc) Y < 8y, (4.17)
Pu Y > 8y

where p; is the ultimate resistance in units of force/length of pile, and y, is a reference

length.

The parameters p, and y, are computed from the following formulas:

‘ _ . 3CD + pOD + JCH (4 18)
p, = min {9cD }
y. =25¢.D , 4.19)

13
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where, as before: c¢ is the undrained shear strength; p, is the effective overburden
pressure, H is the depth, and D is the average or equivalent pile diameter. The
parameter, J, is a dimensionless empirical constant ranging from 0.25 (soft clays) to 0.5
(medium and stiff clays), and the parameter, €. is the strain which occurs at one-half the
maximum undrained compressive strength. The parameter, €, usually ranges between
0.005 and 0.020. In the absence of field or laboratory test data, the values recommended

for J and €, are summarized in Table 4.4.

TABLE 4.4
RECOMMENDED VALUES OF J AND €. FOR CLAY

CLAY CONSISTENCY J £,
Soft 0.25 0.020
Medium 0.50 0.010
- Stiff 0.50 0.005

4.1.4.2 Application to Coldwater Creek Bridge Abutment Piles. The calculation of the
p-y curves for input to the BMCOL-76 program is described below for piles supporting

the NW abutment. The pile batter is not considered in these calculations.

As previously noted in the calculation of the t-z curves, the soil surrounding the piles
is cohesionless. The relevant soil parameters are provided in Figure 4.3, taken from
Figure 4.1. As with the t-z curves, the input to BMCOL-76 only requires that the p-y
curves be computed at the top and bottom of each soil layer (i.e. at elevations A, B, C,
and D in Figure 4.3). The calculation of the p-y curve is illustrated for loading in the
y direction (transverse direction) at Elevation A = 2547 ft (at base of pile cap). The H
piles are oriented such that the direction normal to the web of each pile is parallel to

the y direction (see Figures 1.1 and 4.1). The following parameters are first computed:

14
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Eqn. (4.14): A =09

. J(CH + C,D)p,
Eqn. (4.15): p, = mm{ éaDPo 2 }

Eqn. (4.15): y, = ﬂ
kH
For calculation of p, , obtain the following parameter values:
Figure 4.3: H = 2564 ft - 2547 ft = 17 ft
Figure 4.1: ¢ = 34°
Section 4.1.1: D = 1383 in = 1.15ft( = d, dﬁepth pf H section)
Figures 4.1 & 4.3: p, = 2.12 ksf (= 125 pcf x 16 ft + 115 pcf x 1 ft)
Figure 4.6: For¢ = 34°,C, = 2.8,C, = 3.3, C; = 47

Therefore,

15

DO4\REPURTS\WSDOTH. Rwe



)l @8x 17 +33x 115 212 ksf | _ . [109 kpf | _
p, = {(47x 1.15 f)2.12 ksf } —mm{115 kpf} = 109 kpf

For the calculation of y, , obtain k = 80 pci = 0.080 kci from Figure 4.1.

Therefore,

3
y, = 0200 kph (LA 59042 fi - 0501 in
(0.080 kci)(17 f5) 1728 in®

The above calculation pertains to ground acceleration coefficients, Z < 0.2. For this

example, Z = 0.55. Therefore, reduce Ap, in Equation (4.13) by 50% per the

recommendation in Section 3.0 and construct the p-y curve. Thus,

p = Ap, tanh(y /y,) = (M-I-Z(ﬁ-kﬂ-)tanh(y/o.sol in)

Implementing the above calculation procedure for the x (longitudinal) direction yields
the same p-y curve at Elevation A = 2547 ft. However, at greater depths, different
values of p, are computed for the two directions, and thus the longitudinal and

transverse p-y curves at these depths are different.

Spread sheets containing the values of 10 points on the p-y curves at seven depths

within the abutment soil profile are provided in Table 4.5 (transverse direction) and

16
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Table 4.6 (longitudinal direction). The p-y curves for the last four depths in this table
were input to the BMCOL-76 program; these depths correspond to Points A, B, C, and
D in Figure 4.3.

4.1.5 Preparation of BMCOL-76 Input

The user guide titled, GUIDE FOR DATA INPUT FOR BMCOL-76, is provided
in Appendix B. The text accompanying the guide is reproduced from the BMCOL-76
manual (Matlock et al, 1981), and is also provided in this Appendix. Users should read
this text before attempting to prepare the input to the BMCOL-76 program. Upon
reading the input guide and accompanying text, users will note some notational
differences between this material and the material in Section 4.1. For example, the -

guide sheets use the symbols Q and U to represent either t and z, Q and z, or p and y.

The input files for the axial load and transverse lateral load cases of the Pier 1 piles
of the Coldwater Creek bridge are presented as Tables 4.7 and 4.8, respectively. A

similar input file was prepared for the longitudinal lateral load case.

4.1.6 BMCOI-76 Output

A detailed output file for the axial load case is shown in Table 4.9 for a 500-1b axial
load applied to the top of the H pile. A summary of the axial pile-head loads versus
axial deflections at five locations along the pile is provided in Table 4.10. The data in
Table 4.10 were extracted from output files similar to Table 4.9. Station No. 0 in
Table 4.10 represents the pile head. The deflections listed for this station were used to

construct the axial load-deflection curve for the pile head (Figure 4.7), which was in turn

17
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PIERT.EX1
10-12-1992

COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----
AXIAL LOAD 500 LB APPLIED LOAD

1000

1001

1004

1005

1006

1007

1009

1 (]
30 ()}
100.
28
0 28
0
0 1
2 o0
22 1
28 0
AXIAL LOAD
1 0
30 0
100.
0 28
0o o
AXIAL LOAD
1 0
30 0
100.
0 28
0o o
AXIAL LOAD
1 0
30 0
100.
o 28
0o o
AXIAL LOAD
1 0
30 0
100.
0 28
0 o0
AXIAL LOAD
1 0
30 0
100.
o 28
0o o
AXIAL LOAD
1 0
30 0
100.

28 12.
0 0 0 1 2
1.00E-08 0 H]
0.
7.569€+08
500.
-1.26+01 1.00€E-03 10 1
0 30 56 77
0 3 6 9
-1.26401 1.00E-03 10 1
0 66 126 170
0 7 % 2
-1.2e401 1.00E-04 10 1
0 66 126 170
0 6 13 19
-1.26+01 1.00E-04 10 1
0 77 146 201
0 8 15 3
PIER 1000 APPLIED LOAD
28 12.
1 0 1 0 2
1.00€-10 0 3 5
7.569€+08
1000.
PIER 2500 APPLIED LOAD
28 12. .
1 0 1 0 2
1.00€-10 0 3 5
7.569€+08
2500.
PIER 5000 APPLIED LOAD
28 12.
1 0 1 0 2
1.00€E-10 0o 3 5
7.569€+08
5000.
PIER 7500 APPLIED LOAD
28 12.
1 0 1 0 2
1.00E-10 0o 3 5
7.569€+08
7500.
PIER 10000 APPLIED LOAD
28 12.
1 0 1 0 2
1.00€-10 0 3 5
7.569€+08
10000.
PIER 15000 APPLIED LOAD
28 12.
1 0 1 0 2
1.00€-10 0 3 5

12
10

93
12

204
26

241

10

10

10

10

10

10

04342-073

Example input for BMCOL

28

104
16

227

227
32

268

28

28

28

28

28

28

110
19

243
41

243

286
45

Page 1.

115
22

252

252
45

298

IDENTIFICATION OF RUN (2 LINES)

IDENTIFICATION OF PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 2: AXIAL CONTROL DATA (2 CARDS)
ITERATION CONTROL DATA
TABLE 3: SPECIFIED DEFLECTIONS
TABLE 4: FIXED VALUES OF AXIAL STIFFNESS AND LOAD

TABLE 5: AXIAL SUPPORT CURVES

120 122
31 2000

264 268
68 2000

264 268
64 2000

312 316
76 2000

NEXT PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 2: AXIAL CONTROL DATA (2 CARDS)

ITERATION CONTROL DATA
TABLE 4: FIXED VALUES OF AXIAL STIFFNESS AND LOAD
NOTE : TABLES 3 AND 5 ARE EQUAL TO PREVIOUS PROBLEM
NEXT PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 2: AXIAL CONTROL DATA (2 CARDS)

ITERATION CONTROL DATA
TABLE 4: FIXED VALUES OF AXIAL STIFFNESS AND LOAD (UPD
NOTE : TABLES 3 AND 5 ARE EQUAL TO PREVIOUS PROBLEM
NEXT PROBLEM . . .

Table 4.7



PIER1.EX1

10-12-1992
0 28 7.569€+08
0 0 15000.
101 AXIAL LOAD PIER 20000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569E+08
0 0 20000.
1114 AXIAL LOAD PIER 25000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569E+08 '
0 0 25000.
1115 AXIAL LOAD PIER 30000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08
-0 0 30000.
mz AXIAL LOAD PIER 40000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08
0 0 40000.
1118 AXIAL LOAD PIER 50000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00€-10 0
0 28 7.569€+08
0 0 50000.
119 AXIAL LOAD PIER 60000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08
0o o 60000.
1120 AXIAL LOAD PIER 70000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08
0 0 70000.
1121 AXIAL LOAD PIER 100000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08
0 0 100000.
1122 AXIAL LOAD PIER 200000 APPLIED LOAD
1 0 28 12.
30 0 1 0 1
100. 1.00E-10 0
0 28 7.569€+08

10

10

10

10

10

10

10

10

Example input for BMCOL

28

28

28

28

28

28

28

28

Table 4.7 (cont.)



PIERT.EX1
10-12-1992

0 0
123 AXIAL

1

30

0 28

0 0
1124 AXIAL

1

30

0 28

0 0
1125 AXIAL

1

30

0 28

0 0
1126 AXIAL

1

30

0 28

0 0
1127 AXIAL

1

30

0 28

0 0
1127 AXIAL

1

30

0 28

0 0
STOP

LOAD

100.

LOAD
0
0
100.

LOAD
0
0
100.

LoAD
0
0
100.

LOAD

100.

LOAD
0
0
100.

200000.
PIER 300000 APPLIED LOAD
28 12. ,
1 0 1 0
1.00€-10 o 3
7.569€+08
300000.
PIER 400000 APPLIED LOAD
28 12
1 0 1 ]
1.00€-10 o 3
7.569€+08
400000.
PIER 500000 APPLIED LOAD
28 12.
1 0 1 0
1.00€-10 o 3
7.5696+08
500000.
PIER 600000 APPLIED LOAD
28 12.
1 0 1 ]
1.00€- 10 o 3
7.569€+08
600000.
PIER 700000 APPLIED LOAD
28 2., .
1 0 1 0
1.00€-10 o 3
7.569€+08
700000.
PIER 1000000 APPLIED LOAD
28 12.
1 0 1 0
1.00€-10 o 3
7.569€+08
1000000.

10

10

10

10

10

10

28

28

28

28

04342-073
Example fnput for BMCOL

Page

3.

Table 4.7 (cont.)



PIER1.EX2 04342-073

10-12-1992 Example input for BMCOL
Page 1.

COLDWATER CREEK OVERCROSSING----= IDENTIFICATION OF RUN (2 LINES)
---AXIAL PILE CAPACITY-PIER 1----
1000 AXIAL LOAD 500 LB APPLIED LOAD IDENTIFICATION OF PROBLEM

AXIAL MIRROR NUMBER OF INCREMENT
PROBLEM INPUT INCREMENTS LENGTH
1 0 28 12. TABLE 1: PROGRAM CONTROL DATA

MAX ENTER 1 TO HOLD PRIOR LENGTH OF TABLES LINEAR OUTPUT

ITERS DISPL U TBL7 TBL8 TBLY TBL3 TBL4 TBLS SOLN FORCE COMPONENTS
30 0 0 0 0 1 2 12 1 1 TABLE 2: AXIAL CONTROL DATA (2 CARDS)
MAX DEFL LIST OF MONITOR STATIONS :
DEFL ToL
100. 1.00e-08 0 3 S 10 28 ITERATION CONTROL DATA
STN DEFL
TYPE DEFL SLOPE
28 0. TABLE 3: SPECIFIED DEFLECTIONS
STN1 STN2 AXTAL AXIAL
STIFFNESS LOAD
0 28 7.569€+08 TABLE 4: FIXED VALUES OF AXIAL STIFFNESS AND LOAD
0 500. :

STN1 STN2 CONT. Q MULT U MULT NPTS SYMM
0 1 -1.26+01 1.00E-03 10 1 TABLE 5: AXIAL SUPPORT CURVES

0 30 S6 77 93 104 110 115 120 122
0 3 6 9 12 16 19 22 312000

22 0 -1.26+01 1.00€E-03 10 1
0 66 126 170 204 227 243 252 264 268
0 7 1 21 27 34 41 48 68 2000

22 1 -1.26401 1.00E-04 10 1
0 66 126 170 204 227 243 252 264 268
0 6 13 19 26 32 38 45 64 2000

28 0 -1.2€+01 1.00E-04 10 1
0 77 146 201 241 268 286 298 312 316
0 8 15 23 30 38 45 53 76 2000

1001~ AXIAL LOAD PIER 1000 APPLIED LOAD NEXT PROBLEM
AXIAL MIRROR NUMBER OF INCREMENT
PROBLEM INPUT INCREMENTS LENGTH
1 0 28 12. TABLE 1: PROGRAM CONTROL DATA

MAX ENTER 1 TO HOLD PRIOR LENGTH OF TABLES LINEAR OUTPUT

ITERS DISPL U TBL3 TBL4 TBLS TBL3 TBL&4 TBLS SOLN FORCE COMPONENTS
30 0 1 0 1 0 2 0 1 1 TABLE 2: AXIAL CONTROL DATA (2 CARDS)
MAX DEFL LIST OF MONITOR STATIONS
DEFL ToL
100. 1.00e-10 0 3 5 10 28 ITERATION CONTROL DATA
STN1 STN2 AXIAL AXIAL
STIFFNESS LOAD
0 28 7.569€+08 TABLE 4: FIXED VALUES OF AXIAL STIFFNESS AND LOAD
0 0 1000. NOTE : TABLES 3 AND S ARE EQUAL TO PREVIOUS PROBLE

P22 2333 335333259522 22228828222222222222222 2222222222222 2222232222290 09222 0ecagdtdsd

€€ <€ CLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLCLLCLCLCCCKL

STOP

Table 4.7 (cont.)



ABUT1A.

10-13-1992

---COLDWATER CREEK OVERCROSSING PIER 1 : TRANSVERSE

1014

1017

1018

1019

-1020

1021

1023

EX1

FIXED HEAD & PINNED HEAD
LATERAL LOAD ABUT 100 b APPLIED LOAD FIXED HEAD

2 0 28 12.
30 0 0 0 0 1 2 12
100. 1.00E-10 0 3 6 10 28
0 2 .00000001
0 28 9.454E+09
0 0 100.
0 1 -1.2e+03 1.00E-02 10 1
0 10 19 26 31 34
0 12 25 37 50 62
22 0 -1.2e+03 1.00E-02 10 1
0 23 44 60 72 81
0 13 25 38 51 64
22 1 -1.2e+403 1.00E-02 10 1
0 23 4 60 72 81
0 S 9 1% 18 23
28 0 -1.26+03 1.00E-02 10 1
0 27 s2 71 8 9
0 5 9 % 19 3
LATERAL LOAD ABUT 1000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 1000.
LATERAL LOAD ABUT 3000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00e-10 0 3 6 10 28
0 28 9.454E+09
0 0 3000.
LATERAL LOAD ABUT 5000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00€-10 0 3 6 10 28
0 28 9.454€+09
0 0 5000.
LATERAL LOAD ABUT 7000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 7000.
LATERAL LOAD ABUT 10000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 10000.
LATERAL LOAD ABUT 15000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 0 1 0 1 0 2 0
100. 1.00e-10 0 3 6 10 28

37

76

27

102
28

04342-073
Example input for BMCOL

Page

1
39 40
100 124
92 94
102 127
92 %
36 &5
108 11
37 46

1

1

1

1

1.

41
200

IDENTIFICATION OF RUN (2 LINES)

IDENTIFICATION OF PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 6: LATERAL CONTROL DATA (2 CARDS)
ITERATION CONTROL DATA
TABLE 7: SPECIFIED DEFLECTIONS AND SLOPES
TABLE 8: FIXED VALUES OF LATERAL STIFFNESS AND LOAD

TABLE 9: LATERAL SUPPORT CURVES

95
200

95
200

112
200

NEXT PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 6: LATERAL CONTROL DATA (2 CARDS)
ITERATION CONTROL DATA
TABLE 8: FIXED VALUES OF LATERAL STIFFNESS AND LOAD
NOTE : TABLES 7 AND 9 ARE EQUAL TO PREVIOUS PROBLEM
NEXT PROBLEM
TABLE 1: PROGRAM CONTROL DATA
TABLE 6: LATERAL CONTROL DATA (2 CARDS)
ITERATION CONTROL DATA

TABLE 8: FIXED VALUES OF LATERAL STIFFNESS AND LOAD (U

NOTE : TABLES 7 AND 9 ARE EQUAL TO PREVIOUS PROBLEM
NEXT PROBLEM . . .

Table 4.8



ABUT1A.EX1 04342-073

10-13-1992 Example fnput for BMCOL
Page 2.
0o 28 9.454€E+09
o o 15000.
1024 LATERAL LOAD ABUT 20000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 o 1 0 1 0 2 0 0o 1
100. 1.00€-10 0 3 6 10 28
0o 28 9.454E409
0o o 20000.
1025 LATERAL LOAD ABUT 40000 LB APPLIED LOAD FIXED HEAD
2 0o 28 12.
30 o 1 0 1 o 2 o 0o 1
100. 1.00E-10 0 3 6 10 28
0o 28 9.454E+09
o o 40000.
1126 LATERAL LOAD ABUT 60000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 o 1 o0 1 0 2 o0 0 1
100. 1.00€-10 0 3 6 10 28
0 28 9.454E+09
o o 60000.
127 LATERAL LOAD ABUT 100000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 o 1t o 1 0 2 o0 0o 1
100. 1.00E-10 6 3 6 10 28
0 28 9.454E409
[ 100000.
1128 LATERAL LOAD ABUT 200000 LB APPLIED LOAD FIXED HEAD
2 (] 28 12.
30 o 1t o 1 o 2 o o 1
100. 1.00E-10 0 3 6 10 28
0 28 9.454€E+09 :
[ 200000,
1130 LATERAL LOAD ABUT 300000 LB APPLIED LOAD FIXED HEAD
2 0 28 12.
30 o 1 o0 1 0o 2 o 0o 1
100. 1.00€-10 0 3 6 10 28
0 28 9.454E+09
0o o 300000.
1014 LATERAL LOAD ABUT 100 Lb APPLIED LOAD-PINNED HEAD NEXT PROBLEM
2 0 28 12. TABLE 1: PROGRAM CONTROL DATA
30 0 0 0 1 0 2 0 0- 1 TABLE 6: LATERAL CONTROL DATA (2 CARDS)
100. 1.00E-10 0 3 6 10 28 ITERATION CONTROL DATA
0 28 9.454E+09 TABLE 8: FIXED VALUES OF LATERAL STIFFNESS AND LO/
0 0 - 100. . NOTE : TABLE 9 l§ EQUAL TO PREVIOUS PROBLEM
o TABLE 7 OMITTED FOR PINNED HEAD PROBLEM
1017 LATERAL LOAD ABUT SO0 LB APPLIED LOAD-PINNED HEAD NEXT PROBLEM . . .
2 0 28 12.
30 o 0 o0 1 0o 2 o0 0 1
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 o 500.
1019 LATERAL LOAD ABUT 1000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 o 0 o0 1 0o 2 o 0 1
100. 1.00€-10 6 3 6 10 28

'

Table 4.8 (cont.)



ABUT1A.EX1

10-13-1992

1021

1023

1022

1024

1125

1126

127

1128

1129

0 28 9.454E+09

0 0 1000.
LATERAL LOAD ABUT 3000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 3000.
LATERAL LOAD ABUT 5000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454€+09
0 0 5000.
LATERAL LOAD ABUT 7000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 7000.
LATERAL LOAD ABUT 10000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00e-10 0 3 6 10 28
0 28 9.454E+09
0 0 10000.
LATERAL LOAD ABUT 15000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 15000.
LATERAL LOAD ABUT 20000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00e-10 0 3 6 10 28
0 28 9.454E+09
0 0 20000.
LATERAL LOAD ABUT 40000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 ¢ 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09
0 0 40000.
LATERAL LOAD ABUT 60000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00e-10 0 3 6 10 28
0 28 9.454E+09
0 0 60000.
LATERAL LOAD ABUT 100000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 0 2 0
100. 1.00E-10 0 3 6 10 28
0 28 9.454E+09

Example input for BMCOL

Table 4.8 (cont.)



o

ABUT1A.EX1 04342-073

10-13-1992 Example input for BMCOL
Page 4.
o o0 100000.
1130 LATERAL LOAD ABUT 200000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 o 0 o0 1 o 2 o o 1
100. 1.00E-10 0 3 6 10 28
o 28 9.454E+09
0o o0 200000.
131 LATERAL LOAD ABUT 400000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 o o0 o0 1 0o 2 o 0o 1
100. 1.00E-10 0 3 6 10 28
0o 28 9.454E+09
o o0 400000.
1132 LATERAL LOAD ABUT 600000 LB APPLIED LOAD-PINNED HEAD
2 0 - 28 12.
30 0o 0 o 1 0o 2 o o 1
100. 1.00€-10 0 3 6 10 28
o 28 9.454E+09
0o o0 600000.
1133 LATERAL LOAD ABUT 800000 LB APPLIED LOAD-PINNED HEAD
2 0 28 12.
30 0 0 0 1 o 2 o 0 1
100. 1.00E-10 0 3 6 10 28
0o 28 9.454E+09
0o 0 800000.
sToP

Table 4.8 (cont.)



PIERT.OU1
10-12-1992

04342-073

Coldwater Pier 1 BMCOL axial output file

PROGRAM BMCOL76 - IBM PC DECK - MATLOCK, BOGARD
DATE OF LATEST REVISION 10 FEB 1987

COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----

1000 AXIAL LOAD 500 LB APPLIED LOAD _
1 0 28 1.2000+01 0 0.0000-01
30 o o0 O 0 1 2 12
1.0000+02 1.0000-08 0 1 5 10 28
28 0.0000-01
0 28 0 7.5690+08 0.0000-01 0.0000-01
0 0 0 0.0000-01 5.0000+02 0.0000-01
0 0 1-1.2000+01 1.0000-03 10 1 0.0000-01
0 30 56 77 93 1064 110
0o 3 6 9 12 16 19
0 22 0-1.2000+01 1.0000-03 10 1 0.0000-01
0 66 126 170 204 227 243
0 7 16 21 27 3% 4
2 0 1-1.2000+01 1.0000-04 10 1 0.0000-01
0 66 126 170 204 227 243
0 6 13 19 26 32 38
0 28 0-1.2000+01 1.0000-04 10 1 0.0000-01

0 77 146 201 241 268 286
0 8 15 23 30 38 45

PROGRAM BMCOL76 - IBM PC DECK - MATLOCK, BOGARD
DATE OF LATEST REVISION 10 FEB 1987

COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----

PROB
1000

AXIAL LOAD 500 LB APPLIED LOAD

TABLE 1 - PROGRAM CONTROL DATA

PROBLEM TYPE (1=AX,2=LAT,3=COMB)

NUM AXTAL INCREMENTS
AXIAL INCREMENT LENGTH

DATA CARD LISTING (1=NO)

TABLE 2 - AXIAL CONTROL DATA

Page 1.

115 120 122
22 31 2000

252 264 268
48 68 2000

252 264 268
45 64 2000

298 312 316
53 76 2000

28
1.2000+01

----- TRIM
I----- TRIM
1----- TRIM

Table 4.9



PIERT.0U1 04342-073
10-12-1992 " Coldwater Pier 1 BMCOL axial output file
' Page 2.

DISPLS TABLE NUMBER
un 3 4 S

PRIOR-DATA OPTIONS (1 = HOLD) 0 0 0 0
NUM CARDS INPUT THIS PROBLEM 1 2 12
OUTPUT OPTION (0 = TABLE 12 ONLY, 1 = TABLES 12 AND 13) 1
PLOT OPTION (1=PRINTER, 2=CALCOMP, 3=BOTH) 1

AXIAL ITERATION CONTROL DATA

MAX NUM OF ITERATIONS 30
DISPL CLOSURE TOLERANCE 1.0000-08
MAX ALLOWABLE DISPLACEMENT 1.0000+02
LIST OF MONITOR STATIONS 0 1 S 10 28

TABLE 3 - SPECIFIED DISPLACEMENTS

STA DISPLACEMENT
28 0.0000-01

TABLE & - AXIAL STIFFNESS AND LOAD DATA
FROM TO CONTD AE Q S

0 28 O 7.5690+08 0.0000-01 0.0000-01
0 0 o0 0.0000-01 5.0000+02 0.0000-01

TABLE 5 - AXIAL LOAD AND SUPPORT CURVES

FROM TO CONTD Q-MULTIPLIER U-MULTIPLIER POINTS SYM OPT U-OFFSET

0 1 -1.2000+01 1.0000-03 10 1 0.0000-01
Q-VALUE 0. 30. S56. 77. 93. 104. 110. 115. 120. 122.
U-VALUE 0. 3. 6. 9. 12. 16. 19. 22. 31. 2000.

FROM TO CONTD Q-MULTIPLIER U-MULTIPLIER POINTS SYM OPT U-OFFSET
22 0 -1.2000+01 1.0000-03 10 1 0.0000-01

Q-VALUE 0. 66. 124. 170. 204. 227. 243. 252. 264. . 268.
Table 4.9 (cont.)



PIERT.OUT 04342-073

10-12-1992 Coldwater Pier 1 BMCOL axial output file
Page 3.
U-VALUE 0. 7. 14. 21. 27. 34. 41, 48. 68. 2000.

FROM TO CONTD Q-MULTIPLIER U-MULTIPLIER POINTS SYM OPT U-OFFSET

22 1 -1.2000+01 1.0000-04 10 1 . 0.0000-01
Q-VALUE 0. 66. 124. 170. 204. 227. 243. 252. 264. 268.
U-VALUE 0. 6. 13. 19. 26. 32. 38. 45. 64. 2000.

FROM TO CONTD Q-MULTIPLIER U-MULTIPLIER POINTS SYM OPT U-OFFSET

28 0 -1.2000+01 1.0000-04 10 1 0.0000-01
Q-VALUE 0. 77. 146, 201. 241. 268. 286. 298. 312. 316.
U-VALUE 0. 8. 15. 23. 30. 38. 45. 53. 76. 2000.
[----- TRIM
1 [----- TRIM
COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----
PROB (CONTD)
1000 AXIAL LOAD 500 LB APPLIED LOAD
TABLE 11 - AXIAL ITERATION MONITOR DATA
ITER OFF  NUM STAS  DISPLS AT STAS NUM
NUM  CURVES NOT CLOSED O 1 5 10 28
1 NO 28 1.507D-04 1.4290-04 1.1430-04 8.3360-05 0.0000-01
2 NO 0 1.507D-04 1.4290-04 1.143D-04 8.3360-05 0.0000-01
[----- TRIM
1 1----- TRIM

PROGRAM BMCOL76 - IBM PC DECK - MATLOCK, BOGARD
DATE OF LATEST REVISION 10 FEB 1987

COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----

PROB (CONTD)
1000 AXIAL LOAD 500 L8 APPLIED LOAD

TABLE 12 - RESULTS OF ITERATION NUM 2
Table 4.9 (cont.)



PIER1.OU1

10-12-1992

STA 1

10

1"

12

13

14

15

16

17

18

19

20

21

22

ASTERISKS *

DIST ALONG
BMCOL

0.0000-01

1.2000+01

2.4000+01

3.6000+01

4.8000+01

6.0000+01

7.2000+01

8.4000+01

9.6000+01

1.0800+02

1.2000+02

1.3200+02

1.4400+02

1.5600+02

1.6800+02

1.8000+02

1.9200+02

2.0400+02

2.1600+02

2.2800+02

2.4000+02

2.5200+02

2.6400+02

2.7600+02

INDICATE VALUES AFFECTED

DISPL

1.5070-04

1.4290-04

1.354D-04

1.2810-04

1.2110-04

1.1430-04

1.0770-04

1.0140-04

9.5200-05

8.9190-05

8.3360-05

7.7670-05

7.2130-05

6.6730-05

6.144D-05

5.6270-05

5.1200-05

4.623D-05

4.134D-05

3.6520-05

3.1770-05

2.7080-05

2.2430-05

1.804D-05

AXIAL

THRUST

-4.9100+02

-4.7390+02

-4.5770+02

-4.4240+02

-4.2810+02 °

-4.145D+02

-4.0180+02

-3.8980+02

-3.7870+02

-3.6820+02

-3.5850+02

-3.494D+02

-3.4100+02

-3.3330+02

-3.2620+02

-3.1970+02

-3.1380+02

-3.0850+02

-3.0380+02

-2.9960+02

-2.9600+02

-2.9290+02

-2.7680+02

-2.5350+02

04342-073
Coldwater Pier 1 BMCOL axial output file

Page

BY SPECIFIED DISPLACEMENTS

LIN+NONL
REACTION

-9.0400+00
-1.7100+01
-1.6160+01
-1.5250+01
-1.4380+01
-1.3540+01
-1.2730+01
-1.1940+01
-1.1190+01
-1.0450+01
-9.7430+00
-9.0540+00
-8.3860+00
-7.7370+00
-7.1050+00
-6.4890+00
-5.8890+00
-5.3020+00
-4.7280+00
-4 .1660+00
-3.614D+00
-3.0720+00
-1.6080+01

-2.3320+01

4.

Table 4.9 (cont.)



PIER1.OU1 04342-073

10-12-1992 Colduater Pier 1 BMCOL axial output file
Page 5.
24 2.880D+02  1.4030-05 -1.774D+01
-2.3580+02
25 3.0000+02 1.0290-05 -1.2730+01
-2.2310+02
26 3.1200+02 6.751D-06 -8.1690+00
’ -2.1490+02
27 3.2400+02 3.344D-06 -3.954D+00
-2.1090+02
28 3.3600+02 0.0000-01 0.0000-01
STA I DIST ALONG DISPL AXTAL LIN+NONL
BMCOL THRUST REACTION

THE MAXIMUM ARITHMETIC ROUND-OFF ERROR CHECK WAS  -1.504D-12 FORCE UNITS

PROGRAM BMCOL76 - IBM PC DECK - MATLOCK, BOGARD
DATE OF LATEST REVISION 10 FEB 1987

COLDWATER CREEK OVERCROSSING-----
---AXIAL PILE CAPACITY-PIER 1----

PROB (CONTD) .
1000 AXIAL LOAD 500 LB APPLIED LOAD

TABLE 13 - INDIVIDUAL AXIAL REACTIONS AND FORCES

STA QAE ] Qs QSTAR
0 -4.9100+02 5.0000+02 -9.0400+00 -6.477D-13
1 1.7100+01  0.0000-01 -1.7100+01 5.2650-13
2 1.6160+01 0.0000-01 -1.616D+01 1.2730-12
3 1.5250+01  0.0000-01 -1.525D+01 3.1910-14
4 1.4380+01 0.0000-01 -1.4380+01 -1.504D-12
5 1.3540+401  0.0000-01 -1.3540+01 -4.394D-13
6 1.2730+01  0.0000-01 -1.2730+01 -3.425D-13
7 1.1940+01  0.000D-01 -1.194D+01 -1.227D-13
8 1.1190+401  0.0000-01 -1.1190+01 -7.7160-13
9 1.0450+01 0.0000-01 -1.0450+01 1.273D-14

10 9.7430+00 0.0000-01 -9.7430+00 -1.201D-12
1" 9.0540+00 0.0000-01 -9.054D+00 2.7880-13
12 8.3860+00 0.0000-01 -8.3860+00 4.393D-13
13 7.7370400 0.0000-01 -7.7370+00 -3.768D-13
14 7.1050+400 0.0000-01 -7.105D0+00 -1.2060-13
15 6.4890+400 0.0000-01 -6.4890+00 -1.5710-13
16 5.8890+00 0.0000-01 -5.8890+00 1.327D-13 Table 4.9 (cont.)



PIER1.OU1
10-12-1992

17
18
19
20
21
22

24
25
26

27
28

STA

STA
NUM

10
1"
12
13
14

15

5.3020+00
4.7280+00
4.166D0+00
3.6140+00
3.0720+00
1.6080+01
2.3320+01
1.774D+01
1.2730+01
8.1690+00
3.9540+00
2.1090+02

QAE

AXIAL
DISPLACEMENT

1.5070-04

1.4290-04

1.354D-04

1.2810-04

1.2110-04

1.1430-04

1.0770-04

1.014D-04

9.5200-05

8.9190-05

8.3360-05

7.7670-05

7.2130-05

6.6730-05

6.144D-05

5.6270-05

0.0000-01 -5.3020+00  1.734D-13
0.0000-01 -4.7280+00 -3.6580-13
0.0000-01 -4.1660+00 2.4680-13
0.0000-01 -3.614D+00 -1.129D-13
0.0000-01 -3.0720+00 3.066D-13
0.0000-01 -1.6080+01 7.195D-14
0.0000-01 -2.3320+01 4.3200-14
0.0000-01 -1.7740+01 1.7420-13
0.0000-01 -1.2730+01 -3.786D-14
0.0000-01 -8.1690+00 3.199D-14
0.0000-01 -3.954D+00 1.6720-14
0.0000-01  0.0000-01 -2.1090+02

QQ Qs QSTAR

AXIAL DISPLACEMENT ALONG BMCOL

04342-073
Coldwater Pier 1 BMCOL axial output file

Page

6.

Table 4.9 (cont.)



PIER1.0U1 04342-073

10-12-1992 Coldwater Pier 1 BMCOL axial output file
Page 7.
+ 1
16 5.1200-05 *
+ 1
17 4.6230-05 hd
+ I
18  4.134D-05 *
+ 1
19 3.6520-05 *
+ 1
20 3.1770-05 *
+ 1
21  2.7080-05 *
+ 1
22  2.2430-05 *
+ I
23 1.804D-05 *
+ I
26 1.4030-05 hd
+ 1
25 1.0290-05 *
+ I
26 6.7510-06 *
+ 1
27  3.344D-06 *
+ 1

28  0.0000-01 *

1 . AXIAL THRUST ALONG BMCOL

BAR  AXIAL
NUM  THRUST

1 -4.9100+02 *

2 -4.7390+02 *
+
3 -4.5770+02 *
+
4 -4.424D+02 *
+
5 -4.2810+02 *
+
6 -4.145D+02 *
+
7 -4.0180+02 *
+
8 -3.8980+02 *
+
9 -3.7870+02 -
+
10 -3.6820+02 *
+
11 -3.5850+02 *

Table 4.9 (cont.)



PIER1.OU1

10-12-1992

12
13
14
15
‘ 16
17
18
19
20
21

22

24

25

26

27

28

STA
NUM

-3.4940+02

-3.4100+02

-3.3330+02

-3.2620+02

-3.1970+02

-3.1380+02

-3.0850+02

-3.0380+02

-2.9960+02

-2.9600+02

-2.9290+02

-2.7680+02

-2.5350+02

-2.3580+02

-2.2310402

-2.1490+02

-2.1090+02

LIN+NONL
REACTION

-9.0400+00
-1.7100+01
-1.6160+01
-1.5250+01
-1.4380+01
-1.3540+01

-1.2730+01

Coldwater Pier 1 BMCOL axial output file

AXIAL LIN+NONL REACTIONS ALONG BMCOL

I

Table 4.9 (cont.)



PIER1.0U1

10-12-1992

10

n

12

13

14

15

16

17

18

19

20

21

22

24

25

26

27

28

-1.1940+01

-1.1190+01

-1.0450+01

-9.7430+00

-9.0540+00

-8.3860+00

~7.7370+00

~7.1050+00

-6.4890+00

-5.8890+00

-5.3020+00

-4.7280+00

-4.1660+00

-3.6140+00

~3.0720+00

-1.6080+01

-2.3320+01

=1.7740+01

-1.2730+01

-8.1690+00

-3.954D0+00

0.0000-01

Coldwater Pier 1 BMCOL axial output file

Table 4.9 (cont.)



04342-073

Coldwater Pier 1 BMCOL axial output file

PIERT.0U2
10-12-1992

1000 AXIAL LOAD 500 LB APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM

NUM  CURVES NOT CLOSED O 1 5

2 NO 0  1.507-0% 1.4290-04 1.1430-04
1001 AXIAL LOAD PIER 1000 APPLIED LOAD

lTER OFF NUM STAS DISPLS AT STAS NUM

NUM CURVES NOT CLOSED 0 1 b

2 No 0  3.0130-04 2.858D-04 2.2860-04
1004 AXIAL LOAD PIER 2500 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM

NUM CURVES NOT CLOSED 0 1 5
2 NO 0  7.534D-04 7.144D-04 5.7160-04
1005 AXIAL LOAD PIER S000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM

NUM CURVES NOT CLOSED 0 1 S

2 No 0  1.5070-03 1.4290-03 1.1430-03
1006 AXIAL LOAD PIER 7500 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM

NUM CURVES NOT CLOSED 0 1 S

2 NO 0  2.2600-03 2.1430-03 1.7150-03
1007 AXIAL LOAD PIER 10000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM

NUM CURVES NOT CLOSED 0 1 S

3 NO 0  3.0130-03 2.8580-03 2.2860-03
1009 AXIAL LOAD PIER 15000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM
NUM CURVES NOT CLOSED 0 1 5

3 NO 0  4.5420-03 4.3080-03 3.448D-03
1011 AXIAL LOAD PIER 20000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM
NUM  CURVES NOT CLOSED O -1 5

3 NO 0  6.0880-03 5.7760-03 4.627D-03
114 AXIAL LOAD PIER 25000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM
NUM CURVES NOT CLOSED 0 1 5

3 NO 0  7.6580-03 7.2680-03 5.8270-03
1115 AXIAL LOAD PIER 30000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM
NUM CURVES NOT CLOSED 0 1 S

4 NO 0  9.2520-03 8.784D-03 7.0500-03
1117 AXIAL LOAD PIER 40000 APPLIED LOAD

ITER OFF NUM STAS DISPLS AT STAS NUM
NUM CURVES NOT CLOSED 0 1 b

4 NO 0  1.2530-02 1.1900-02 9.573D-03

Page 1.

10 28
8.3360-05 0.0000

10 28
1.6670-04 0.0000

10 28
4.1680-04 0.0000

10 28
8.3360-04 0.0000

10 28
1.2500-03 0.000cC

10 28
1.6670-03 0.000C

10 28
2.514D-03 0.000C

10 28
3.3760-03 0.000C

10 28
4.2560-03 0.000C

10 28
5.1510-03 0.000«

10 28
7.0060-03 0.000(

Table 4.10



PIER1.0U2
10-12-1992

1118

ITER

NUM
4

119
ITER
NUM

1120
ITER
NUM

121
ITER
NUM

1122
ITER
NUM

123
ITER
NUM

1126
ITER
NUM

1125
ITER
NUM

1126
ITER
NUM

127
ITER

1127
ITER
NUM

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

AXIAL
OFF
CURVES
NO

04342-073

Coldwater Pier 1 BMCOL axial output file

LOAD PIER 50000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 1.5960-02 1.5180-02

LOAD PIER 60000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 1.9530-02 1.859D-02

LOAD PIER 70000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 2.3190-02 2.2090-02

LOAD PIER 100000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 3.4750-02 3.317D-02

LOAD PIER 200000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 7.6460-02 7.3300-02

LOAD PIER 300000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 1.2000-01 1.1530-01

LOAD PIER 400000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 1.6420-01 1.5780-01

LOAD PIER 500000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 2.0850-01 2.0060-01

LOAD PIER 600000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 9 1

0 2.5280-01 2.4330-01

LOAD PIER 700000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 2.9720-01 2.8610-01

LOAD PIER 1000000 APPLIED LOAD
NUM STAS DISPLS AT STAS NUM
NOT CLOSED 0 1

0 4.304D-01 4.1450-01

1.2240-02

5
1.5030-02

5
1.7920-02

S
2.7120-02

S
6.091D-02

5
9.6560-02

5
1.3280-01

5
1.6920-01

5
2.0560-01

S
2.4200-01

3.514D-01

Page 2.

10 28
8.9770-03 0.0000+00

10 28
1.1050-02 -0.0000+00

10 28
1.3210-02 0.0000+00

10 28
2.014D-02 0.0000+00

10 28
4.6090-02 0.0000+00

10 .28
7.3820-02 -0.0000+00

10 28
1.0210-01 0.0000+00

10 28
1.3060-01 0.0000+00

10 28
1.5910-01 0.0000+00

10 28
1.8760-01 0.0000+00

10 28
2.7320-01 0.0000+00

Table 4.10 (cont.)



used to estimate the axial stiffness. The output files for the lateral load-deflection cases
are not presented because they are similar in content to the output files for the axial
load case. Rather, the resulting lateral load-deflection curves for the pile head are
presented in Figure 4.8 (transverse direction) and Figure 4.9 (longitudinal directfon).

These curves were used to estimate the lateral stiffnesses of the pile.
4.1.7 Calculation of Pile-Head Stiffnesses

The pile-head stiffnesses are computed from the load-deflection curves in Figures 4.7,
4.8, and 4.9 as follows. For the axial load case, the axial pile-head stiffness is the slope
of the load-deflection curve (Figure 4.7) at the origin (i.e. the initial tangent slope). For
the two lateral load cases, the lateral pile-head stiffness is the slope of straight line from
the origin to the point on the load-deflection curve corresponding to 0.50 in deflection.
These rules for estimating pile-head stiffnesses were based on the results of the Task 1
study and discussions with LP. Lam and L. Cheang of Earth Mechanics, Inc,

subcontractor on this project.

Under the assumption that the H piles at Pier 1 are pinned to the abutment footing,
the pile-head stiffnesses resulting from the implementation of the above procedure (see

Figures 4.7, 4.8, and 4.9) are as follows:

K, = 3.1x 10° Ib/in (Axial)
K, = 17x 10° Ib/in (Transverse)
K, = 22 x 10’ Ib/in (Longitudinal)

18
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C p—y

Pile Head Load-Deflection Curve

Coldwater Creek Pier 1
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Figure 4.7



Lateral Load (1b)

Pile Head Load-Deflection Curves

Coldwater Creek Pier 1 : Transverse
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Deflection (in.)

Figure 4.8



Lateral Load (lb)

Pile Head Load-Deflection Curves

Coldwater Creek Pier 1 : Longitudina
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Figure 4.9



These stiffness values apply to each H-pile at Elevation 2547 in Figure 4.1 (pile head

location or bottom of pile cap).

4.1.8 Calculation of Pile-Group Stiffness Matrix

4.1.8.1  Assumptions. Two key assumptions are made in order to compute the 6 x 6
pile-group stiffness matrix: (1) pile-group effects (i.e. pile-soil-pile interaction) is
neglected, and (2) the individual pile-head stiffnesses computed in Section 4.1.7 apply
to a local coordinate system coincidental with the principal axes of each pile (i.e. the
axial stiffness, K,, is associated with the local z axis, which is parallel to the direction
along the length of the pile; the transverse stiffness, K, is associated with the local
y axis, which is coincident with the x-x axis of the H-pile section (Table 4.1); and, the
longitudinal stiffness, K,, is associated with the local x axis is coincident with the y-y axis

of the H-pile section).

The first assumption is based on the recommendation in the Task 1 report. The
second assumption is required to account for the effect of the pile batter, which is

considered in the GPILE program.

4.1.8.2  Preparation of GPILE Input. The GPILE program is currently used by
WSDOT to compute the pile-group stiffness matrix given the individual pile-head
stiffnesses and the location and batter of the piles. At Pier 1, the location of the
geometric center of each of the 15 piles at the bottom of the pile cap is shown in
Figure 4.10. Also shown is the orientation of the pile-cap global coordinate system in
GPILE. All piles lie in a vertical (xy) plane, and the batter is 20.56° with respect to the

vertical axis.

19
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‘ Pier 1 Pile Cap and Battered Pile System
and G Pile Coordinate System and Batter Convention .

2= 200 z=-100 oz =00 - =10 £ 200
X = +45 X 2'Y3u N
A— | + + t + + | I
x =-0.25 ‘L Pt. O 4-_9»: I
B—— + + r4 + + + 13'-6"
5" 43"
x =-45 ‘
: 2’_3n
| A
26| | 4 @ 10- e
< 45’ >
PLAN
Pile

Cap

Pile " “4. SRS ‘Pile Batter Planes
A .

‘Row A-B=0°
45 \45 Row B - B = 180°
v - Row C -B = 180°

Pile
Batter 12

ELEVATION
Batter, B = 45 '
Batter < = tan"! (45) = 20.56

Figure 4.10



The GPILE input file for the Pier 1 piles is listed in Table 4.11. The origin of global
xyz coordinate system is fixed at Point O in Figures 4.1 and 4.10. This point is located
on the top face of the Pier 1 pile cap at the geometric center of this face. The
orientations of the global x, y, and z axes are parallel with the principal axes of the pile

1

cap.. The pile cap 6 x 6 stiffness matrix [K] is defined with respect to the global

coordinate system as follows:

F=[Klu (4.20)
where F and u are the force and displacement vectors given by

E=(F,F,F, M, M, M)" 4.21)

u = (ax’ bx’ 6’.’ 623 ex’ ey’ GZ)T (4’22)

where: F; is the force acting along the global i axis; M, is the moment acting about the
global i axis; §; is the displacement along the global i axis; and 6, is the rotation about
the global i axis (i = x, y, z). Positive forces, F,, and positive deflections, §;, act in the
positive i directions; moments, M, and rotations, 6,, are positive according to the right-

hand rule convention.

!For this document, the oricntation of the global coordinate system at any pier foundation is defined as
follows. The x axis is in the longitudinal direction, which is exactly or approximatcly parallcl to the direction
of traffic on the bridge. This axis corresponds to one of the principal horizontal axcs of the rectangular
foundation. The z axis is in the transverse direction, and the y axis is in the vertical direction. The positive
y direction is up. This convention is used in SEISAB also.
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PIER1.EX1 ’ 04342-073

10-13-1992 Coldwater pier 1 Gpile input
Page 1.
COLDWATER CREEK OVERCROSSING PILE STIFFNESS - PIER 1 JoB TITLE
15 1 1 # PILE, # PILE TYPES, # LOADS

4.5 -4. -20. 0. 4.5 PILE X, Y, Z, BATTER ANGLE, BATER, PILE TYPE

-0.25 -4. -20. 180. 4.5
-4:5 -4. -20. 180. 4.5
4.5 -4. -10. 0. 4.5
-0.25 -4. -10. 180. 4.5
-4.5 -4. -10. 180. 4.5
4.5 -4. 0. 0. 4.5
-0.25 -4. 0. 180. 4.5
-4.5 -4. 0. 180. 4.5
4.5 -4. 10. 0. 45
-0.25 -4. 10. 180. 4.5
-4.5 -4. 10. 180. 4.5
4.5 -4. 20. 0. 4.5
-0.25 -4. 20. 180. 4.5
-4.5 -4. 20. 180. 4.5
1 37200000. 2040000, 2640000. 0. 0. 0. 0. 0. O. 0. PILE STIFFNESS VALUES
1 0. 0. 0. 0. 0. O. LOAD CONDITIONS

- ed wd ed oD e ed b ed od e ad ed o wh

Table 4.11



The geometry and batter of the individual piles is defined with respect to the global
coordinate system. This information is contained in lines 3 through 17 of the GPILE
input file (Table 4.11). Each line represents a pile. For exarﬁple, line 3 represents Pile
No. 1 in Figure 4.10. The first three entries (4.5, -4., -20.) in this line are the x, y, z
coordinates in units of feet. The fourth entry (0.) is the batter angle, which is the angle
between the batter plane and the xy plane as shown in Figure 4.10. The fifth entry
(4.50) is the batter, B, whif:h is the horizontal deviation from a vertical pile over a 12-

unit vertical distance, i.e. B = 12 tan (20.56°). The sixth entry-is the pile type.

The second, third, and fourth entries of Line 18 are the axial, transverse, and

longitudinal pile-head stiffnesses in units of Ib/ft and were taken from Section 4.1.7.

4.1.83  GPILE Output The GPILE output file for Pier 1is shown in Table 4.12. The

global group stiffness matrix, [K], and the local group stiffness matrix are listed. The
global group stiffness matrix is used in the abutment stiffness calculation Section 4.4.
The local group stiffness matrix is not used because this matrix is for a different

orientation of the global coordinate system.
42 ABUTMENT FOOTING STIFFNESSES

As recommended in the Task 1 report, the foundation stiffnesses of the pile caps are
also computed assuming the caps are footings fully embedded in the surrounding soil.
These footing stiffnesses (along with the stiffness contributions from the abutment wall)

are added to the pile-group stiffnesses to obtain the total abutment stiffness matrix.
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PIER1.K
10-13-1992

04342-073

Coldwater pier 1 pile stiffness matrix

WASHINGTON STATE DEPARTMENT OF TRANSPORTATION
#*4% GROUP PILE ANALYSIS ***

COLDWATER CREEK OVERCROSSING PILE STIFFNESS - PIER 1

GLOBAL GROUP STIFFNESS MATRIX:

&Y
.y

ey
ez

LOCAL GROUP

Reg2R

FX FY
0.104E+09  0.568E+08
0.5686+08  0.494E+09
0.838e+01  0.196E+02
0.245E+02 0.937€+02
0.706E+02 0.582€+02

-0.111E+09  0.186E+09
STIFFNESS MATRIX:
FX FY
0.494E+09 -0.568E+08
-0.568E+08 0.104E+09
0.196E+02 -0.838E+01
0.582E+02 -0.706E+02
-0.937E+02 0.245E+02
0.186E+09 0.111E+09

FZ
0.838e+01
0.196€+02
0.306€+08

-0.122E+09
0.255€+07
-0.130€+02

F2
0.196E+02
-0.838€+01
0.306€+08
0.255€+07
0.122E+09
-0.130E+02

MX
0.725E+01
0.828€+02

-0.122E+09
0.993E+11

0. 114E+11

-0.418E402

MX
0.2326+02
-0.350e+02
0.255€+07
0.211E+11
0.114E+11
-0.224E+02

Page 1.

10/13/92 TIME 12:13:23
REV 4/12/88

MY
0.350€+02
0.2326+02
0.255e+07

-0.114E+11
0.211E+11
-0.224E+02

NY
-0.828€+02
0.725€+01
0.122E+09
0.114E+11
0.993E+11
0.418E+02

PAGE 5

MZ
-0.111E+09
0.186E+09
-0.130E+02
-0.390E+02
-0.180€+03
0.413€+10

MZ
0.186E+09
0.111E+09

-0.130E+02
-0.180€+03
0.390€+02
0.413E+10

Table 4.12



42.1 Model and Assumptions

The theoretical model for estimating the stiffnesses of an embedded footing is taken
from pages 40-51 of Volume II of the FHWA (1986) report. The model consists of a
rigid massless footing in a linear elastic half space. The elastic properties characterizing

the half space are Poisson’s Ratio, v, and shear modulus, G.

The origin of the global coordinate system for the footing is also located on the top
face of the footing at its geometric center, but the orientation is different from the
orientation of the global coordinate system used for the GPILE pile-group stiffness
calculations. However, the sign conventions for the force and displacement vectors in
both systems are the same. Consequently, Equations (4.20), (4.21), and (4.22) for the

pile-group stiffnesses also apply for the footing stiffnesses.

The footing stiffness matrix, [K], is assumed to be diagonal (i.e., off diagonal terms
are zero), which is considered a reasonable assumption for footings supporting

abutments and intermediate pier foundations. To be consistent with Equations (4.20),

2The foundation stiffnesses for another coordinate system that has the same origin as the original
coordinate system, but which has the axes labeled differently (e.g. the +x axis in the new system is the -z axis
in the original system, etc.), can be obtained by a coordinate transformation or can be computed by the
following simple procedure. For example, the FHWA coordinate system for a rectangular footing or pile cap
is shown in Figure 4.11. The GPILE coordinate system is shown in Figure 4.10. Comparing the two
systems, it is apparent that Xgywa = XGpILE YFHWA = ZGPILE» ZrHWA = -YgpiLg- Therefore, to convert the
stiffncsses derived from the FHWA coordinate system to the GPILE coordinate system, do the following:
(1) replace the y subscript with the z subscript in the F, and M elcments of the FHWA force veclor and do
a similar subscript replacement with the § and 4 FHWA dispfaccmcnl vector, (2) in a similar manner,
replace the z subscript with the y subscript and change the sign of the affected force and displacement vector
elements from plus (+) to minus (-), and (3) write out the resulting six cquations and rcarrange their order
such that resulting force and displacement vectors have the same x, y, 7 order as in Eqns. (4.21) and (4.22),
and that the signs of the elements of these vectors are all positive. The resulting stiffness matrix is the [K] in
Eqn. (4.20) in the GPILE coordinate systcm.
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(4.21), and (4.22), the subscript notation adopted for the diagonal elements, K;; = K;, is

as follows: K; = K, K, = K, K = K,, K, = Ky, Kg = Ky, K, = K,,.

422 Calculation of Footing Stiffnesses

422.1 General Procedure. The diagonal stiffnesses of the embedded footing are

approximated by (FHWA, 1986)

K=c B K (423)

where: K; is the i"" diagonal value of the 6 x 6 stiffness matrix of an equivalent circular
surface footing; ¢, i$ a scalar factor that accounts for the footing being rectangular; and

B, is a scalar factor that accounts for the footing embedment.

The values of K; are calculated using the following formulas:

Vertical translation: K, = 14GR (4.24)
-y
Horizontal translation: K. = K;’ = 28GR (4.25)
-V
16GR’
Rotation about vertical axis: Ky, = R, (4.26)

3
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3
8GR, (4.27)

Rotation about x horizontal axis: K,

31 -wv)
8GR,
Rotation about y horizontal axis: Ky, = ETRY (4.28)
Y

where R, R,, R, and R, are the equivalent radii for translation and rotation. The
formulas for R are given in Figure 4.11, taken from the aforementioned FHWA (1986)

report.

The shape factors, a;, for the various stiffnesses are plotted as a function of the
footing length to width ratio, L/B, in Figure 4.12 (FHWA, 1986). The embedment
factors, B, are plotted in Figure 4.13 as a function of the footing thickness to equivalent
radius ratio (FHWA, 1986). for translational stiffnesses, R is used to compute this ratio;
for rotational stiffnesses, K,,, K,,, and K,,, the appropriate values of equivalent radius

are R, R, and R,, respectively (Figure 4.11).

In order to compute [K], values of G and v for an equivalent half space must be
estimated from a soil profile that usually consists of more than one soil layer, each one
having different elastic properties. The recommended procedure (Gazetas, 1983) is to
use the values of G and v at a depth, h, beneath the bottom of the footing equal to the

radius of the equivalent circular foundation, i.e.
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Procedure for calculating equivalent radius of a rectangular footing.

.- FHWA (1986) Figure 4.11



B=R- (i%)"’ (4.29)
T

where 4BL is the area of the rectangular footing of width 2B and length 2L (see

Figure 4.11).

To account for the reduction in G during strong shaking, the low-strain G value
should be modified following the recommendations in Section 3.0, i.e., if the acceleration

coefficient, Z < 0.2, then use the low-strain G; if Z > 0.2, then reduce G by 50%.

4222 Application to Coldwater Creek Abutment Footing. The calculation of the

footing (pile cap) stiffness matrix for the Pier 1 abutment is described below.
The footing dimensions from Figures 4.1 and 4.10 are:
Length: 2L =45 ft

Width: 2B = 135 ft
Thickness: D

4 ft (footing assumed to be fully embedded;
see Section 6.1 for example dealing with partially
embedded footing.)

Compute the effective soil depth:

Eqn. (429): h - (‘m)% - ( @5 fn (135 ﬁ))% - 139 fi
T

b
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Select the G and v values at h = 13.9 ft beneath the bottom of footing:
Figure 4.1: G = 1800 ksf, v = 0.3

This modulus is the low-strain G. Because Z > 0.2, reduce G by 50%. Thus, for
subsequent calculations, use G = 900 ksf. Compute equivalent radii, R, R,, Ry, and R,,

of the rectangular foundation using formula in Figure 4.11:

Translation: R = h = 139 ft

2B)(2L)?
3

Rotation: _

Ve Va
_1(3.5@5)?3 | _
(about x axis) "~ * - { ] =190 £

3n

Rowation:  p, _ [ @L)2B)*
y

% v
_1@5a3.5° | _
(about y axis) 31 - [ ] =104 £

3

+

Rotation: _ |4BL(@4B* + 4L%) “ [a35us)a3s
(about z axis) "z 6n ) 6n

45?) ]V‘
- 163 fi

Compute the stiffnesses of equivalent circular footing, K:

Eqn. (424): K7 = 14GR _ 4(900 ksp(139 f1)

( 1,000 b

= 7.15 x 107 Ib,
-V 1-03 1k ) ¥ i

Eqn. (425): K° = KO - 286R - 8(9002"9‘)81;'9 n (1’0‘1’2 by _ 589 x 107 Wft
. -V - U.
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16GR; _ 16(900 ksf)(16.3 fi)* |

= 2.08 x 10' Ib-
3 3 ) ft

Eqn. (4.26): K,

( 1,000 b
1k

Eqn. (4.27): K,

8GR! _ 8(900 k(190 fif* ( 1,000 b
31 - v) 31 - 03) i

) = 2.35 x 10 b1t

8GR’
3(1 - v) 3(1 - 0.3)

Eqn. (428): K, _ 8(900 ksf) (104 fi° (1,000 Ib

= 3.86 x 10° Ib-
1 ) g f

Compute values of ¢; and B, by first calculating L/B and D/R ratios:

L/B = 333
D/R = 4/13.9 = 0.288 (translation)
D/R, = 0211, D/R, = 0.385, D/R, = 0.245 (rotation)

The corresponding values of «; and B, were read from Figures 4.12 and 4.13,
respectively, and are summarized in Table 4.13 below, along with the stiffnesses K; and
the final stiffnesses K, = a; - B, - K; (Eqn. 4.22).
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TABLE 4.13

CALCULATION OF PIER 1 FOOTING STIFFNESSES

K? a; B, K
K, (Ib/ft) 5.89 x 10’ 1.15 1.41 9.55 x 10’
K, (Ib/ft) 5.89 x 10’ 1.04 1.41 8.64 x 10’
K, (Ib/ft) 7.15 x 10’ 1.1 1.15 9.13 x 10’
K,, (Ib-ft) 2.35 x 10" 1.13 1.29 3.43 x 10'°
K, (Ib-ft) 3.86 x 10° 1.13 1.60 6.98 x 10°
K,, (Ib-ft) 2.08 x 10" 1.13 1.76 4.14 x 10"

Thus, the diagonal elements of the diagonal footing stiffness matrix, [K], are the
values in the last column in Table 4.13. This stiffness matrix applies to the FHWA
coordinate system. Elements of this matrix will be rearranged in Section 4.4 to be

compatible with the global coordinate system in Figure 4.1.
43 ABUTMENT WALL STIFFNESS

As recommended in the Task 1 report, the stiffness due to the passive resistance of
abutment backfill soil is also computed and added to the pile-group and footing

stiffnesses.

4.3.1 Model and Assumptions

The model for estimating the translational and rotational stiffnesses of the abutment
wall-backfill system is shown in Figure 4.14, taken from the FHWA (1986) report. These
stiffnesses are due to the normal pressure exerted on the wall by the backfill as the wall

translates into it. Other stiffnesses, such as those arising from shearing forces acting on
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the wall during transverse translation of the wall or the torsional stiffness of the wall

about a vertical axis, are assumed to be negligible.
4.3.2 Calculation of Wall Stiffnesses

43.2.1 General Procedure. The formulas for the translational stiffness, K, , and the

rotational stiffness, K‘,y , are (FHWA, 1986)

K, = 0.425E,B, (4.30)

K, = 0.072EB H. (4.31)

where: E,_ is the elastic (Youngs) modulus of the backfill soil;> B, is the length of the
abutment wall (i.e. the dimension of the wall normal to 2-D section view in Figure 4.14);
and H,, is the height of the wall. The stiffnesses given by Equations (4.30) and (4.31)
apply to a point on the wall at a height, h, = 0.37H,, , above the base of the wall. For
most applications, the stiffnesses are defined at the base of the wall. The stiffnesses at
this point are obtained by a simple transformation as shown in Figure 4.14. The

formulas for these stiffnesses are (FHWA, 1986)

K, = 0.425EB, (4.32)

K,, = 0.425SEB h} + 0.072E,B H. | (4.33)

3Sce Scction 8.2.1 for the cvaluation of E, when the backfill soil consists of two or more layers.
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K, = 0.425EB h, (4.34)
where K, is the cross coupling (off-diagonal) stiffness which results from the

transformation (see Figure 4.14).

The elastic modulus, E_, is obtained from the shear modulus, G, and Poisson’s ratio,

v, by using the formula

E, = 2G(1 + v) (4.35)

43.22 Application to Coldwater Creek Abutment Wall. The abutment-wall stiffness

computation is illustrated for the Pier 1 abutment. The abutment wall height is assumed

to be the distance from the top of the pile cap (i.e. Point 0 in Figure 4.14) to the top of

the abutment. The stiffnesses are computed at Point 0.

Obtain the appropriate length dimensions from Figures 1.2 and 4.1:

B, =45 -(85"-(I'-4") =43 ft
H, = 13 ft

Thus, h, = 0.37H,, = 48 ft

Compute E, using the high strain G, which is 50% less than the low-strain G of

2400 ksf as explained in the abutment footing calculation:
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Eqn. (4.35): E, = 2G(1 + v) = 2(1200 ksf)(1 + 0.3) = 3,120 ksf

Using the global coordinate system in Figure 4.1, the wall stiffnesses at Point 0 are:

Equ (432):- K, = 0425EB, = 0.425(3,120 ksp(43 fi) x (11(1’2—”2] - 5.70 x 107 Ibjft

Eqn.(4.33): K,, = (0.425EB)h! + 0.0T2EBH,
= (5.70 x 107 Ib[f)(4.8 fi)* + 0.072(3.12 x 10° psH)(43 fm)(13 fi)®
=295 x 10° Ib-ft

Eqn. (434): K, = -(0.425EB)h, = ~(5.70 x 107 Ib[fi)(4.8 fi) = -2.74 x 10° Ib

The minus sign in Eqn. (4.34) results from the fact that the sign convention for forces
(moments) and displacements (rotations) in the FHWA (1986) report is slightly different

from the convention adopted herein.
44 TOTAL ABUTMENT STIFFNESS MATRIX

4.4.1 General Procedure.

The total abutment stiffness matrix, [K ], at a given point is approximated as the sum

of the stiffness matrices for the piles, [K], footing or pile cap, [K{], and abutment wall,

K], ie.
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K] = [K] + [K] + [K)]

(4.36)

Although this formula is simple, it is important to note that [K ], [K¢], and [K,] must

be computed at the same point in the same coordinate system used for the piles,

footings, and wall.

4.4.2 Application to Coldwater Creek Abutment. The stiffness matrices [K_], [K], and

[K,] for the abutment system at Pier 1 were constructed from the stiffness calculations

presented in Sections 4.1, 4.2, and 4.3, respectively. The xyz coordinate system is

oriented as shown in Figure 4.1 with the origin at Point 0.

The 6 x 6 stiffness matrices are:

From Table 4.12,

1.04E8
5.68E7
K] = 8.38E0
2.45E1
7.06E1
-1.11E8

COA\RE PR TS\WLDOTH, 1A

5.68E7
4.94E8
1.96E1
9.37E1
5.82E1
1.86E8

8.38E0
1.96E1
3.06E7
-1.22E8
2.55E6
-1.30E1

32

7.25E0
8.28E1
-1.22E8
9.93E10
-1.14E10
-4.18E1

3.50E1
2.32E1
2.55E6
-1.14E10
2.11E10
-2.24E1

-1.11E8
1.86E8
-1.30E1
-3.90E1
-1.80E2
4.13E9




From Table 4.13 (after converting from the FHWA to GPILE coordinate system),

diag (K¢ =

9.55E7

9.13E7

From Section (4.3.2.2),

(K] =

The values for [K] were taken from the output of GPILE. Note that in some cases,

R

5.70E7
0
0
0.
0

0
0
0
0
0
-274E8 0

8.64E7

S O O o o O

3.43E10

S O O o o O

4.14E10

O O O o o o

6.98E9

2.95E9

K; # K;, which is not correct because, theoretically, [K,] is symmetric. Furthermore,

some of the off-diagonal terms are quite small relative to other off-diagonal and diagonal
terms. Theoretically, these small off-diagonal terms should be zero and are not zero
because of a numerical precision deficiency in the GPILE program. The values of the

other elements in [K,] are correct. For simplicity, the small elements in [K,] that should

be zero will be set equal to zero. The revised (K] is

00I\REPORTS\WSDOTH . uP
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1.04E8 S568E7 0 0 0 L1ES
568E7 494E8 0 0 0  186E8
0 0 306E7 -122E8 255E6 0
Bl=1 o 0 A122E8 9.93E10 -1.14E10 0
0 0 255E6 -1.14E10 2.11E10 0
| -L1IES 186E8 0 0 0 41389 |

Using this revised [K_],

257E8  S68E7 0 0 0 3.85E8
5.68E7 S8SES 0 0 0 1.86E8
0 0 117E8 -122E8 255E6 0
(K = 0 0 .122E$ 134E11 -1.14E10 0
0 0 255E6 -1.14E10 625E10 0
| -385E8 186E8 0 0 0 141E10 |

The units are 1b and ft.

5.0 PIER 1 STIFFNESS CALCULATION - NOVAK METHOD

The calculation of foundation stiffnesses using the Novak method is much simpler
than the FHWA method primarily because a single computer program (DYNA3) is
available to do all the required calculations. Furthermore, the theory upon which the
program is based assumes linear elastic response of the soil-foundation system,

consequently, fewer soil properties are required to characterize the soil medium, and
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nonlinear load-deflection relationships between the pile and soil (t-z, Q-z, p-y curves) are

not required.
5.1  PILE AND FOOTING SIDE STIFFNESS

The Task 1 report recommended the use of the Pile & Footing Side option within
the Novak computer program. With this option, the total pile-cap stiffness is the sum
of the stiffnesses from the pile group and the passive resistance of the soil against the

sides of the pile cap.
5.1.1 Soil Model

The soil model is shown in Figure 5.1, which was adapted from information in

Figure 4.1. Note that shear-wave velocity, V,, is given as an elastic property, rather than
the shear modulus, G. In computing V, = /G/y, (where y, = mass density), the

low-strain shear modulus values in Figure 4.1 were reduced by 50% to account for high

soil strain.

Besides V., the other new soil parameter not shown in Figure 4.1 is the soil damping
ratio for shear deformation, {. Values of { < 0.05 are typically assumed and within this
range, the effect of this parameter on the stiffness calculation is negligible. For this and

all other example problems, { = 0.03 was arbitrarily assumed.
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Soil Model for Novak Stiffness Calculation
for Pile and Footing Side Case at Pier 1

y
x 4—?
0 ' 2z
EL 2551 559 fps v = 03 —e
EL 254 Y= 125 pof & = 0.03
‘ EL 2547
Vg = 502 fps
v = 115 pcf
v =03
£ = 0.03
20.56°
BL 2525 7 —286 Tps
Yy = 140 pct
v = 03
& = 0.03
ELBN K T T N T N NN NN N N G N N
Andesite bedrock - assume piles are
end bearing in this layer
NOTES

Vs Shear-wave velocity =J 9‘4,,, , where G is the high-strain value of '
shear modulus = 50% of the low-strain G value in Figure 4.1.
The parameter v, is mass density.

& Soil damping ratio (assumed).

xyz Coordinate system in this figure is oriented differently from
the one in Figure 4.1.
In Novak's model, the z coordinate axis is positive downward.

Figure 5.1



5.1.2 Preparation of DYNA3 Input

The input file for Novak’s DYNA3 computer program to estimate the foundation
stiffnesses at Point 0 in Figure 5.1 is provided in Table 5.1. Most of the inputs are easily
understood after readihg the comment statements to the right of each line of input data.
However, several lines require additional clarification. The line reading
"CONSTANTS = 0., 0., 4.0," is explained in the comment as "x, y, z of Cg." For dynamic
analysis, Novak’s program compﬁtes the stiffness matrix at the center-of-gravity (Cg) of
the foundation or pile cap. For the calculation of the stiffness matrix only, the location
of the center-of-gravity of the pile cap is not important, and therefore this line in the
program is used to specify the location where the stiffness is to be computed. The
z value is the height above the bottom of the pile cap to the desired point (in this case,

Point 0). The value is 4.0 and the sign is positive.

Further into the same "CONSTANTS = " data, there appears the number, 0.05,
which is explained in the comment as "RADIATION DAMPING IN THE PILE.
Values of 0.05 are typically assumed, but the effect of this parameter on the computed

stiffness is small.

The number following the 0.05 RADIATION DAMPING IN PILE number is the
value 3.00, which is the EFFECTIVE SHEAR AREA COEFFICIENT. In the DYNA3
user guide, Novak provides values of this parameter for circular and rectangular pile
cross sections. For flexible pile foundations (which are the ones mostly encountered in
practice, including the example problems in this manual), the stiffness calculation is not
sensitive to this parameter. In this ekample, the coefficient was estimated as A/A,,

where A is the cross-sectional area of the H pile (26.1 in%), and A, = t.d is the area of
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PIER1FMT.IN
10-16-1992

04342-
Coldwater Pier 1 Novak input f
Page

TITLE=COLDWATER CREEK PIER 1 [ PILES + EMBEDMENT ] (k, ft, s]

MATRIX
GRAVITY=32.2
FOUNDATION=PILE
RECTANGULAR=13.5,45.0
MASS=0,0,0,0,0,0,0

LAYERS=2
PINNED=15
1 -4.50 -=20.
2 -0.25 =20.
3 4.50 -20.
4 -4.50 -10.
5 -0.25 -10.
6 4.50 -10.
7 -4.50 0.
8 -0.25 0.
9 4.50 0.
10 -4.50 10.
11 -0.25 10.
12 4.50 10.
13 -4.50 20.
14 -0.25 20.
15 4.50 20.

CONSTANTS=0.,0.,4.0,
28.,.089,0.,

0.3,0.05,

3.00, 4.2E06
ELEMENT
1 22.0 0.58 0.61 0.18
2 6.0 0.58 0.61 0.18

END-BEARING
NO-INTERACTION

BATTERED
1 XZ -20.56

2 Xz -20.56

3 X2 20.56

4 Xz =-20.56

5 X2z =-20.56

6 XZ  20.56

7 Xz -20.56

8 Xz -20.56

9 XZ 20.56

10 XZ =-20.56

11 Xz =-20.56

12 Xz 20.56

13 Xz -20.56

14 XZ -20.56

15 XZ  20.56
SOIL
CONSTANTS

1 502. .115 0.3 0.03 |
2 1486. .140 0.3 0.03
BELOW

4632. .150 .3 0.03 |

SPECIFY MATRIX OUTPUT OF STIFFNESS AND DAMPING

g9

FOUNDATION TYPE

PILE CAP DIMENSIONS

MASS PROPERTIES OF FOUNDATION, NO EFFECT ON STIFFN
# OF SOIL LAYERS IN WHICH PILES ARE EMBEDDED

PILE HEAD CONDITION AND # OF PILES

PILE #, X AND Y COORDINATE OF PILE HEAD

X, ¥, 2 OF Cg
PILE LENGTH, PILE WEIGHT/UNIT LENGTH, STATIC LOAD

POISSON’S RATIO, RADIATION DAMPING IN PILE
EFFECTIVE SHEAR AREA COEFFICIENT, Epile

0.016 0.044 0.060

LAYER THICKNESS, X RADIUS, Y RADIUS, AREA,
0.016 0.044 0.060

END-BEARING/FLOATING SWITCH

NEGLECT INTERACTION

BATTER DESCRIPTION

PILE #, DIRECTION OF BATTER, ANGLE OF BATTER

Ix, Iy,

SOIL PARAMETERS : Vs, GAMMA, NU, DAMPING

SOIL PROPERTIES BELOW PILE TIP

Table 5.1



04342-073

PIER1FMT.IN
Coldwater Pier 1 Novak input file

10-16-1992
Page 2.

EMBEDDED=2 | # OF LAYERS OVERLYING CAP

1 1. 502. .115 0.3 0.03 LOWEST LAYER : THICXNESS, Vs, GAMMA, NU, DAMPING

2 3. 559. .125 0.3 0.03 NEXT LAYER : THICKNESS, Vs, GAMMA, NU, DAMPING

LOAD=HARMONIC | LOAD IDENTIFIER : SINE WAVE

CONSTANTS | DEFINES MINIMAL LOAD, DOES NOT AFFECT STIFFNESS PROPERTIES

NONQUADRATIC

0.001 0.001 0.001 0.0 10. 0.0 O0. O. O.

RUN | BEGIN EXECUTION

Table 5.1 (cont.)



the web (8.5 in®) where most of the shear stress is located when the applied loading is
" normal to the face of the flange. Thus, the coefficient is 26.1/8.5 = 3. For loading in
the other direction, the coefficient was estimated as 1.4. However, because the
coefficient is not important for flexible piles, a value of 3.0 was selected for both

directions.

In the next two lines, the value of 0.58 for X RADIUS is one-half of the H-pile
flange width in ft; the value of 0.61 for Y RADIUS is one-half of the depth of the H-pile

section in ft. In the same two lines, J is the polar moment of inertia in ft*.

The first three numbers (0.001) of the last data line in the input file refer to the
beginning frequency, ending frequency, and frequency increment in rad/sec. Recall that
the Task 1 report recommended the computation of static stiffnesses instead of dynamic
stiffnesses. Because the DYNA3 program does not compute static stiffnesses, dynamic
stiffnesses computed by the program at an extremely low frequency (0.001 rad/sec) are

equivalent to static stiffnesses.

5.1.3 DYNA3 Output

The output file from the DYNA3 program is listed in Table 5.2. The stiffnesses are
in units of kips and ft. The values of CROSS-STIFFNESS (YZ PLANE) and CROSS-
STIFFNESS (XZ PLANE) refer to Ky, and K,,, respectively.
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khkkhkkkhkhkhkhhhhhkhkhkhkhhhhkhkhkhkhkhkkhkkhhhkhkkhkkhkkhkkkkkkkkk

* *
* DYNAS3 SIMULATION *
* *
* RUN DATE - 1992/10/16 *
* TIME - 15:54:11 *
* REVISION - 1991/07/30 *
* : *

khkkkhkhkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkkkhkhkkkhkkkkhhkhkkhkhkkhkkdhhkkix

COLDWATER CREEK PIER 1 [ PILES + EMBEDMENT ] [k ft s]

RESULTS
*kkkkkk

FREQUENCY - .0010
khkkhkhkk :

STIFFNESS CONSTANTS (K)
kkkhkhkkkkhkhhhhhkhkhkhhhkhk

HORIZONTAL TRANSLATION (X) ... 1.51128E+05

HORIZONTAL TRANSLATION (Y) ... 1.04428E+05
VERTICAL TRANSLATION (Z) ..... 5.33056E+05
ROTATION ABOUT (X) ccceeeen «e. 1.11843E+08

ROTATION ABOUT (¥) .eeeeeee... 1.08986E+07
TORSION ABOUT (Z) eeeeeeeeeee. 4.37764E+07
CROSS-STIFFNESS (YZ PLANE) .... 3.84868E+05
CROSS-STIFFNESS (XZ PLANE) .... -5.71670E+0S

DAMPING CONSTANTS (C)
kkkhkhkhkhhhkhkhhhhhkhkhkhkhk

HORIZONTAL TRANSLATION (X) ... 5.71625E+06
HORIZONTAL TRANSLATION (Y) ... 3.35145E+06
VERTICAL TRANSLATION (2) ..... 2.30259E+07
ROTATION ABOUT (X) .ccceeeeen . 4.76598E+09
ROTATION ABOUT " (Y) cccececcens 4.40973E+08
TORSION ABOUT (2Z) eeececeeans . 1.55510E+09
CROSS-DAMPING (YZ PLANE) ..... 1.24179E+07

CROSS-DAMPING (XZ PLANE) ..... -2.18771E+07

Table 5.2



52  ABUTMENT WALL STIFFNESS

The Task 1 report noted that the abutment-wall stiffness could be computed using
Novak’s method for a footing on an elastic half space whose properties are those of the
backfill soil. However, the FHWA approach for retaining walls (Section 4.3) is slightly
preferred over the Novak method. The stiffness matrix obtained using the FHWA

method was presented in Section 4.4.
5.3 TOTAL PIER 1 STIFFNESS MATRIX

The total abutment stiffness matrix is [K|] = [K] + [K], where [K] is the

"pile + footing side" stiffness matrix, and K, is the abutment wall stiffness matrix. From

Table 5.2 of Section 5.1.3,

[KpfS] =

1.51E8 0
0 1.04E8
0 0
0 3.85E8
-5.72E8 0
0 0

The units are 1b and ft.

Because the coordinate system in Figure 4.1 is different from the Novak coordinate
system (Figure 5.1), elements of [K,] from Section 4.4 were rearranged to be consistent

with the coordinate system in Figure 5.1. Thus,

004 \REPURTS\WSDOTH. v

0
0
5.33E8
0 _
0
0

0
3.85E8
0
1.12E11
0

0

-5.72E8
0

0

0
1.09E10
0

0
0
0
0
0
4.38E10




[ s20E7 0 0 0 274E8 0
0 0 0 0 0 0
0 0 0 0 0 0
(K] = 0 0 0 0 0 0
274E8 0 0 0 295E9 0
0 0 0 0 0 o |
Therefore,
2.08E8 0 0 0 846ES 0
0 L04ES 0 385E8 0 0
0 0 S33E8 0 0 0
(K] = 0 3.85E8 0 LI2E11 0 0
846E8 0 0 0 139E10 0
0 0 0 0 0 438E10

Note that [K,] is the stiffness matrix at Point 0 for the global coordinate system defined

in Figure 5.1.

6.0 PIER 2 (FOOTING) STIFFNESS CALCULATION - FHWA METHOD
6.1 MODEL AND ASSUMPTIONS

Pier 2 of the Coldwater Creek bridge consists of two columns, each supported by a
square concrete footing, 18 ft x 18 ft x 4 ft-2 in thick, embedded in the Andesite

bedrock. The NE footing is embedded 3 ft in the bedrock, while the SW footing is
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completely buried, as shown in Figure 6.1. Also shown in the figure are the elastic
properties of the bedrock (G = 200,000 ksf, v = 0.3). .Usually, foundations on bedrock
are considered fixed against translations and rotations. However, for this example, the
foundation stiffnesses will be computed using the method presented in Section 4.2 with

one small modification.
The modification is made to the definition of D in the FHWA method to account for
surface or partially embedded footings (rather than fully embedded footings, which the

FHWA method assumes in all cases). Herein, D is defined as the embedment depth,

which must be < footing thickness for all applications. The footing dimensions are:
length = 2L = width = 2B = 18 ft

The embedment of the NE footing is:
Dy = 3 ft

The embedment of the SW footing is:
Dgy = 4 ft-2in = 4.17 ft

Because the bedrock extends to great depths with presumably no change in elastic

properties, the effective depth, h, need not be computed in this case.

Because Z > 0.2, G is reduced by 50% to 100,000 ksf.
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Eqn. (4.27 and 4.28):

o _po _ 8GR .
Kex = Kﬁy = m since Rx = Ry
8(100,000 ks)(10.3 /) _ (1,000 Ib
31 - 0.3) 1k

4.16 x 10" lb-ft

Values of ¢, and 8, for L/B = 1 and D/R = 3/10.2 = 0.29 (NE footing) and
D/R = 4.17/10.2 = 0.41 (SW footing) were read from Figures 4.12 and 4.13, and are
summarized in Table 6.1 below®. Also listed in the table are the values of K and the
final stiffnesses (K;) computed for both footings. The stiffnesses, K, pertain to the top

of the footing (Point 0) for the coordinate system shown in Figure 6.1.

“For square footings, D/R = D/R = D/Ry = D/R,; therefore, use D/R value to computer B;.
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Soil Model for FHWA Stiffness
Calculation of Footings at Pier 2

x 4—(?

0 ¥4

@ .
EL 2491 A\NZANNVANNZA NE Footing N\VANN
EL 2488

0

. v

SW Footing 41ft-2in =417 ft

EL 2479 , .

Adesite Bedrock: G
v
Y

200,000 ksf
0.3
150 pct

NOTE

G is low strain shear modulus.

Figure 6.1



TABLE 6.1
CALCULATION OF PIER 2 FOOTING STIFFNESSES

B, K,
K?° a NE SW NE SW

Footing Footing Footing Footing
K (x 10° Ib/ft) 4.80 1.02 1.42 1.55 6.95 7.59
K(x 10° Ib/ft)  4.80 1.02 1.42 1.55 6.95 7.59
K,(x 10° Ib/ft) 5.83 1.03 1.15 1.20 6.91 721
K, ( x 10" Ib-ft) 4.16 1.05 1.44 1.63 6.29 7.12
K, ( x 10" Ib-ft) 4.16 1.05 1.44 1.63 6.29 7.12
K, ( x 10" Ib-ft) 5.83 1.05 1.92 2.19 11.8 13.4

The table shows that the stiffnesses associated with the fully embedded footing
(SW footing) are about 5-15% greater than those for the partially embedded footing
(NE footing). Because each footing is square, the horizontal translational stiffnesses of
a particular footing, K, and K, are equal, and the rotational stiffnesses, K,, and K,, ,

are also equal.
7.0 PIER 2 (FOOTING) STIFFNESS CALCULATION - NOVAK METHOD
7.1  SOIL MODEL
The description of the Pier 2 footings was given in Section 6.0; the footing-soil

(bedrock) system was shown in Figure 6.1. The soil (bedrock) parameters and footing

model for the Novak stiffness calculation are shown in Figure 7.1. The value of V; was
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Soil Model for Novak Stiffness Calculation

of Footings at Pier 2

4ft-2in =417 ft

0 Z
o 3
Layer 1 SW Footing
\
18 ft
Half-Space

Soil Properties for Layer 1 and Half-Space are the same.

Vs = 4,633 fps v =03
¥ = 150 pcf £ = 0.03
117 ft 0
L ' . “ .

Layer 1 A NE Footing v 4 ft - 2in
Half-Space 18 ft

Vg = 4,633 fps v =03

‘Y = 150 pc' & = 0.03

NOTE

V,=J%,, where: G = 10%psf = 50% of value in

Figure 6.1, and y, = mass density.

417 ft

Figure 7.1



computed from the high strain shear modulus, G = 100,000 ksf. The damping ratio for

the soil was assumed to be { = 0.03.
72 PREPARATION OF DYNA3 INPUT

The DYNAZ3 input files for the SW and NE footings at Pier 2 are listed in Tables 7.1
and 7.2, respectively. The inputs are self explanatory after reading the discussion of
inputs for the Pier 1 stiffness calculation (Section 5.1.2). Note that the line,
"CONSTANTS = 0., 0., 4.17," in both tables defines the location of the point (Point 0

in Figure 7.1) where the stiffnesses are computed’.
7.3 DYNA3 OUTPUT

The DYNAD3 output files for the SW and NE footings are listed in Tables 7.3 and 7.4,
respectively. As with the Pier 1 example (Section 5.1.3), the values of CROSS-
STIFFNESS (YZ PLANE) and CROSS-STIFFNESS (XZ PLANE) refer to K, and

K.y, » respectively.

SNovak’s program can include the overburden soil directly above the top of a buried footing. However,
consistent with the FHWA approach, this overburden is ignored, and the cmbedment is dcfined as the
thickness of the footing.
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PIER2B_F.IN ' 04342-¢(
10-16-1992 Coldwater Pier 2 SW Footing Novak input fj

Page
TITLE=COLDWATER CREEK OVERCROSSING PIER 2 SW FOOTING [k ft s]
MATRIX SPECIFY MATRIX OUTPUT OF STIFFNESS AND DAMPING
GRAVITY=32.2 g
FOUNDATION=HALF-SPACE FOUNDATION TYPE
RECTANGULAR=18.,18. FOOTING DIMENSIONS
MASS=0,0,0,0,0,0,0 MASS PROPERTIES OF FOUNDATION, NO EFFECT ON STIFFNI
CONSTANTS=0.,0.,4.17 X, ¥, Z OF Cg - :
SOIL ' -
CONSTANTS=1 " | # OF SOIL LAYERS

1 4.17 4632. .150 0.3 0.03 | SOIL PARAMETERS FOR LAYER 1: LAYER THICKNESS, Vs
GAMMA, NU, DAMPING

BELOW
4632. .150 0.3 0.03 | SOIL PROPERTIES BELOW FOOTING

LOAD=HARMONIC ,

CONSTANTS | DEFINES MINIMAL LOAD, DOES NOT AFFECT STIFFNESS PROPERTIES
NONQUADRATIC

0.001 0.001 0.001 0. 0. 0. 0. O. O.

RUN

Table 7.1



PIER2A_F.IN 04342-073

10-16-1992 Coldwater Pier 2 NE Footing Novak input file
: Page 1.

TITLE=COLDWATER CREEK OVERCROSSING PIER 2 NE FOOTING [k ft s]

MATRIX SPECIFY MATRIX OUTPUT OF STIFFNESS AND DAMPING

GRAVITY=32.2 g

FOUNDATION=HALF-SPACE FOUNDATION TYPE

RECTANGULAR=18.,18. FOOTING DIMENSIONS

MASS=0,0,0,0,0,0,0 MASS PROPERTIES OF FOUNDATION, NO EFFECT ON STIFFNESS

CONSTANTS=0.,0.,4.17 X, ¥, 2 OF Cg

SOIL

CONSTANTS=1 l # OF SOIL LAYERS

1 3. 4632. .150 0.3 0.03 | SOIL PARAMETERS FOR LAYER 1: LAYER THICKNESS, Vs,
GAMMA, NU, DAMPING

BELOW
4632. .150 0.3 0.03 | SOIL PROPERTIES BELOW FOOTING

LOAD=HARMONIC

CONSTANTS | DEFINES MINIMAL LOAD, DOES NOT AFFECT STIFFNESS PROPERTIES
NONQUADRATIC B ) ’ ’

0.001 0.001 0.001 0. O. O. O. O. Q.

RUN

Table 7.2



hkhkhkkhhkhhkhhhhhhkhkhhhkkhkhhkhhkkkhhkhkhkhkhkkhkhkhhkhkhkhkkkkkx

DYNAS3 SIMULATION

*

*

*

* RUN DATE - 1992/10/16
* TIME - 15:41:22
* REVISION - 1991/07/30
*
*

& do & Je d K K Fe g K do K ke d K Kk Kk k Kk k kK ke Kk k ok ok ok Kk kkkkkkkkkkdkkk

*
*
*
*
*
*
*
*

COLDWATER CREEK OVERCROSSING PIER 2 SW FOOTING [k ft

RESULTS
hkkdkkkk

FREQUENCY - .0010
hhkkhkkhhk

STIFFNESS CONSTANTS (K)
hhkkhkhkhkhkhkhkhhhhhkkkhkhkkhkkkk

HORIZONTAL TRANSLATION (X) ... 6.21016E+06
HORIZONTAL TRANSLATION (Y) ... 6.21016E+06
VERTICAL TRANSLATION (2) ..... 6.46740E+06
ROTATION ABOUT (X) .ccceceee.. 6.42372E+08
ROTATION ABOUT (Y) ¢cccceeeee. 6.42372E+08
TORSION ABOUT (Z) <cccceeeeeee 1.13069E+09
CROSS-STIFFNESS (YZ PLANE) .... 2.29072E+07
CROSS-STIFFNESS (XZ PLANE) .... =2.29072E+07

DAMPING CONSTANTS (C)
khkkkkhkhkkhkhkhkkkhhhhdhk

HORIZONTAL TRANSLATION (X) ... 1.86322E+08

HORIZONTAL TRANSLATION (Y) ... 1.86322E+08
VERTICAL TRANSLATION (Z) ..... 1.94042E+08
ROTATION ABOUT (X) ecceceeee.. 1.92713E+10
ROTATION ABOUT (Y) .ccceeeee.. 1.92713E+10
TORSION ABOUT (Z) .cecccceeee. 3.39208E+10
CROSS-DAMPING (YZ PLANE) ..... 6.87267E+08

CROSS-DAMPING (XZ PLANE) ..... -6.87267E+08

Table 7.3



kkkhkhkhkhkhkhkkhkkhkhkhhkhkhkhhhhhkkhkhkhkhhhkhkhkhhkkkhkkkhkhkkhkkkkkk

* *
* DYNA3 SIMULATION %
%* *
* RUN DATE - 1992/10/16 *
* TIME - 15:41:14 *
* REVISION - 1991/07/30 *
%* ) %*
* %k Kk k% % % % k% dede J d J de K K d d de de d d ke K K K K K ke K ke Kk de gk ke ok de Kk ok k ok kdk

COLDWATER CREEK OVERCROSSING PIER 2 NE FOOTING [k.fﬁ s]

FREQUENCY - .0010
khkkkkkkikk

STIFFNESS CONSTANTS (K)
kkhkhkhkhkhhhhhkhkhhhhhkkhkkk

HORIZONTAL TRANSLATION (X) ...
HORIZONTAL TRANSLATION (Y) ...
VERTICAL TRANSLATION (2) .....
ROTATION ABOUT (X) evceecceces
ROTATION ABOUT (Y) <cceccccons
TORSION ABOUT (Z) evececececes
CROSS-STIFFNESS (YZ PLANE) ....
CROSS-STIFFNESS (XZ PLANE) ....

DAMPING CONSTANTS (C)
hhkhkhhkhkhhkhhhhhkhkhkhkhkhhkk

HORIZONTAL TRANSLATION (X) ...

HORIZONTAL TRANSLATION (Y) ...
VERTICAL TRANSLATION (Z) ...-..
ROTATION ABOUT (X) eeeeecccess
ROTATION ABOUT (Y¥) eeeseccocns
TORSION ABOUT (2) <cccceccccss
CROSS-DAMPING (YZ PLANE) .....
CROSS-DAMPING (XZ PLANE) .....

RESULTS
hkkkkhk

5.80791E+06
5.80791E+06
6.28016E+06
6.03417E+08
6.03417E+08
9.75605E+08
2.26719E+07

-2.26719E+07

1.74252E+08
1.74252E+08
1.88422E+08
1.81027E+10
1.81027E+10
2.92681E+10
6.80206E+08

-6.80206E+08

Table 7.4



8.0 PIER 3 AND PIER 4 FOUNDATION STIFFNESSES

The FHWA and Novak methods were applied to Pier 3 and Pier 4. Because these
pier foundations are similar to the Pier 1 and Pier 2 foundations, only the final results
of the stiffness calculations are presented in Section 8.1 (Pier 3) and Section 8.2 (Pier
4). The stiffnesses are computed at the same point on the Pier 4 abutment (i.e., top of
pile cap) and intermediate Pier 3 footing (i.e., top of footing) as in the Piers 1 and 2

stiffness calculations.

8.1 PIER 3 FOUNDATION STIFFNESSES

8.1.1 FHWA Method

The final Pier 3 foundation stiffnesses are summarized in Table 8.1 below. The
coordinate system is defined as shown in Figure 6.1 for Pier 2. Both Pier 3 footings are
17.33 ft x 17.33 ft x 4.0 ft, and thus are slightly smaller than the Pier 2 footings. The Pier
3 footings are completely embedded in Andesite bedrock, the same material supporting
the Pier 2 footings. Because the embedments ratio is identical for both Pier 3 footings,

the stiffnesses are the same for both footings as shown in Table 8.1.
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TABLE 8.1
PIER 3 FOOTING STIFFNESSES - FHWA METHOD

NE Footing SW Footing
K, (x 10’ Ib/ft) 728 7.28
K, (x 10’ Ib/ft) 7.28 7.28
K, (x 10° Ib/ft) 6.91 6.91
K,, (x 10" 1b-ft) 6.83 6.83
K,, (x 10" Ib-fr) 6.83 6.83
K,, (x 10" 1b-ft) 12.8 12.8

8.1.2 Novak Method

The DYNA3 output files for the SW and NE footings are listed in Tables 8.2 and 8.3,

respectively. The coordinate system is defined as shown in Figure 7.1.

8.2 PIER 4 FOUNDATION STIFFNESSES

8.2.1 FHWA Method

The final Pier 4 foundation stiffness matrix is:

256E8  -5.84E7 0 0 0 -3.90E98
.S84E7 6.00ES 0 0o 0 -1.91E8
0 0 121E8 -137E8 -2.85E6 0
(K] = 0 0 137E8 136E11 117E10 0
0 0 2.85E6 117E10 6.38E10 0
3.90E§ -1.91E8 0 0 0 147E10
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kkkkhkhhkhhkhhkhhkhkhhkhkhkhkhkhhkhkhkkhkhkhkhhkhkhhkhkhkhhhhddhkdddkdkkdkk

DYNAS3 SIMULATION

TIME - 15:41:48
1991/07/30

%

*

*

* RUN DATE 1992/10/16
*

* REVISION

* .

*

khkkkhkhkhkhkhkhkhkhkhkhkdkkhkhkhkhkhkhkhhkhkkhkdkhkhkdkdkdkdhkdkkkdkdkdkkkkkkk

*
*
*
*
*
*
*
*

COLDWATER CREEK OVERCROSSING PIER 3 SW FOOTING [k ft

RESULTS
khkkkkkk
FREQUENCY -~ .0010
khkkkkhkkkk
STIFFNESS CONSTANTS (K)
kkhkkhkkhkhkhkhkhkhkkhkhkhkkkhkhkkk
HORIZONTAL TRANSLATION (X) ... 5.97392E+06
HORIZONTAL TRANSLATION (Y) ... 5.97392E+06
VERTICAL TRANSLATION (Z) ..... 6.22430E+06
ROTATION ABOUT (X) «vveceeeee.. 5.72197E+08
ROTATION ABOUT (Y) «vveeeveee.. 5.72197E+08

TORSION ABOUT (Z2) ¢ccccceeee.. 1.00726E+09
CROSS-STIFFNESS (YZ PLANE) .... 2.11453E+07
CROSS-STIFFNESS (X2 PLANE) .... =2.11453E+07

DAMPING CONSTANTS (C)
khkkhkkhkkhkhkhkhkhkkhkdhhkkkkkk

HORIZONTAL TRANSLATION (X) ... 1.79234E+08
HORIZONTAL TRANSIATION (Y) ... 1.79234E+08
VERTICAL TRANSLATION (Z) ..... 1.86748E+08
ROTATION ABOUT (X) +eeveeee... 1.71661E+10
ROTATION ABOUT (Y) «eveeee.... 1.71661E+10
TORSION ABOUT (2Z) <eeeveeeee.. 3.02177E+10
CROSS-DAMPING (YZ PLANE) ..... 6.34403E+08
CROSS-DAMPING (XZ PLANE) ..... —-6.34403E+08

Table 8.2



kkkkkhkhhkhkhkhkhhhhhhhhkhhkhhhhhkhkhkhkhhhhhhhhkhhhkhkhkkhhrhhk

*
* DYNAS33 SIMULATION
* .
* RUN DATE - 1992/10/16

* TIME - 15:41:39

* REVISION - 1991/07/30

*

% % * % %k % %

khkkkkhkhkhkhhkhhkhkhkhhhhkhhhhkhhkhhkhkhdhdkddddkdhdkddkdkdkdkkkkkk

COLDWATER CREEK OVERCROSSING PIER 3 NE FOOTING [k ft s]

FREQUENCY - .0010
kkdkkhkkhdhk

STIFFNESS CONSTANTS (K)
d %k ke kK K de ke K ke de ko K kK de Kk ke k kK Kk

HORIZONTAL TRANSLATION (X) ...
HORIZONTAL TRANSLATION (Y) ...
VERTICAL TRANSLATION (Z) .....
ROTATION ABOUT (X) eecececenc..
ROTATION ABOUT (Y) eevevecennn
TORSION ABOUT (2Z) evceeeecennn
CROSS-STIFFNESS (YZ PLANE) ....
CROSS-STIFFNESS (XZ PLANE) ....

DAMPING CONSTANTS (C)
hkhkkhkhkkdhdkdhkddkdkkhkhkkk
HORIZONTAL TRANSLATION (X) ...
HORIZONTAL TRANSLATION (Y) ...
VERTICAL TRANSLATION (2Z) .....
ROTATION ABOUT (X) eveeeeucen.
ROTATION ABOUT (Y) eveveveen..
TORSION ABOUT (Z) eveeeeecenn.
CROSS-DAMPING (YZ PLANE) .....
CROSS-DAMPING (XZ PLANE) .....

RESULTS
kkkhkdkk

5.97392E+06
5.97392E+06
6.22430E+06
5.72197E+08
5.72197E+08
1.00726E+09
2.11453E+07

-2.11453E+07

1.79234E+08
1.79234E+08
1.86748E+08
1.71661E+10
1.71661E+10
3.02177E+10
6.34403E+08

-6.34403E+08

Table 8.3



The units are 1b and ft. The coordinate system is defined as shown in Figure 8.1 with
the origin at Point 0. Note that this global system is the same as the one for Pier 1 in
Figure 4.1, although Pier 4 in Figure 8.1 is approximately a mirror image of Pier 1 in

Figure 4.1.5

The computation of [K|] = [K,] + [K{] + [K,] was straightforward; however, the
computation of [K,] requires some explanation because the backfill behind the abutment
wall consists of 2 soil layers (Figure 8.1). Because the FHWA method for computing

[K,] assumes a single layer, homogeneous backfill, the 2-layered system in Figure 8.1 was

converted to an equivalent single layer by calculating an average Youngs modulus FS

over the height of the wall using the general formula:
. n
Es = Z hi Esi
i=1 i

where: H; is the thickness of layer i bearing against the wall; Eg is the Youngs modulus

M=

[t}

h,.] @.1)
1

for layer, i; and h, = H, , the height of the wall.

1

ICE

l

SPiers 1 and 4 would be exact mirror images of each other in Figures 4.1 and 8.1 if the abutment wall
heights and the soil profiles were identical at both piers.
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Backfill Soil Properties
at Pier 4 Abutment

Ny <5~ EL 2543
G = 2400 ksf
Coordinate Systems v =03
Novak FHWA 15 #t ' EL 2534
0 v G = 1800 ksf

y
y «é
x“? x z i v =03
V4

NOTES
. G Low strain shear modulus

E  Youngs Modulus = 2G(1+v)

Figure 8.1



Referring to Figure 8.1,

h, =9 ft
h, = 6 ft
E, = 6,240 ksf (low strain)

E, = 4,680 ksf (low strain)

Substituting these values into Eqn. (8.1) yielded 72: = 5,616 ksf. This value was

reduced by 50% to obtain the high strain value. This high strain value (2,808 ksf) was

used to compute [K,].

8.2.2 Novak Method

The final Pier 4 foundation stiffness matrix is:

195E8 0 0 0 8S5TE8 0
0 1.01E8 0 385E8 0 0
| 0 0 S.06E8 0 0 0
(K = 0 3.85E8 0 1.06E11 0 0
8STE8 0 0 0 137E10 0

o 0 0 0 0 3.99E10 |

The units are Ib and ft. The coordinate system is shown in Figure 8.1 with the origin
at Point 0. Relative to the entire bridge, this coordinate system is oriented the same as

the coordinate system in Figure 5.1 for Pier 1.
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9.0 APPLICATION TO SEISAB-I BRIDGE ANALYSIS

This example illustrates the use of SEISAB-I in conducting a response spectrum B

dynamic analysis of the Coldwater Creek Bridge, to illustrate the application of
methods presented in this report. The designer is assumed to have a working
knowledge of SEISAB-I. The SEISABPC version of SEISAB-I with program updates
through 1.3.3 was used for all analysis in this report.

The bridge is described in Section 1.0. In the example, Pier 1 abutment, Pier 2, Pier 3
and Pier 4 abutment are modeled in SEISAB-I analysis as Bent 2, 3, 4 and 5,
respectively. The structure model is illustrated in Figure 9.1.

9.1 BENT 2 MODEL

In order to apply support stiffness [K] at the footing level and to model a free
superstructure connection, it is necessary to model each abutment as a single column
bent. The column section properties are calculated to model the abutment seat at each
location. Since abutment items are required by SEISAB they are included but assigned

zero stiffness.

The 5.25 inch gap and elastomeric bumper resisting longitudinal load at each
abutment is idealized as an elastic bearing element located at the top of the bent
column. The bearihg longitudinal shear stiffness KFIF1 is determined by trial to output
the longitudinal shear force required to provide longitudinal displacement of the bearing
compatible with the actual inelastic condition. The bearing displacement is determined
as the product of the longitudinal shear force (Column Top Longitudinal Shear, LC 3)
and the input stiffness KFIF1.
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The foundation stiffness matrix [K,] given in Section 4.4.2 is in the GPILE coordinate

system. The units are Ib and ft.

K =

—

2.57E8 5.68E7 0
5.85E8 0
1.17E8
symmetrical

0
0

~1.22E8

1.34E11

0
0
2.55E6

-1.14E10
6.25E10

-3.85E8
1.86E8
0
0
0
1.41E10

Converting to the SEISAB-I coordinate system by reversing signs on X and Z
values and changing from Ib to kip units, the SEISAB-I input stiffness matrix for model

Bent 2 is:

[KseisaBl =

2.27E5 -5.68E7 0
-5.68E7 5.85E5 0
1.17E5
~ symmetrical

9.2 BENT 3 MODEL

0

0
-1.22E5
1.34E8

0
0

-2.55E3

1.14E7
6.25E7

-3.85E5
-1.86ES
0
0
0
1.14E7

Base isolation bearings supporting each girder at the bridge piers are combined and

modeled as bearing elements positioned at the top of each bent column. SEISAB-I

allows only column top bearing locations. The bent cap, positioned above the bearing

in the model, is represented as a "Special Cap" and, therefore, displaces with the

superstructure. Beam elements are added between columns near the top of each bent to

model the actual column restraint provided by the pier cap.
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In order to model equal column lengths at a given bent, a SEISAB-I requirement,
section properties for each column are modified to yield actual column stiffnesses while
maintaining one average length. Each foundation stiffness matrix [Kf] must be
converted to the SEISAB-I coordinate system and transformed in position vertically to
the center of the model footing. Figure 9.2 shows relative locations of column

footings.

The foundation stiffness matrix [Kf] for Bent 3 Col 1 (Pier 2 NE Footing) is given
in Table 6.1 and designated below as [Keywal The stiffness matrix is first converted

from FHWA coordinate system to SEISAB-I coordinate system using method given in

Appendix C-1.
6.95E9 0 0 0 0 0
6.95E9 0 0 0 0
[KeHwaAl = 6.91E9 0 0 0
symmetrical 6.29E11 0 0
6.29E11 0
= 11.8E11
6.95E9 0 ] ] (] 0
6.91E9 0 0 0 0
Kseisagl = 6.95E9 0 0 0
symmetrical 6.29E11 0 0
11.8E11 0
[ 6.29E11

The stiffnesses are calculated at the top of each actual footing and, therefore, must
be transformed in position vertically to the center of the modeled column footings. The
rigid body transformation derivation is included in Appendix C-3. The resulting
transformed stiffness matrix is now developed for h = 6.7 ft.
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[Kseisasl =

6.95E9

0
6.91E9

0
6.95E9

0 -6.7(6.95E9)
6.7(6.91E9) 0
0 0
(6.7)26.91E9 0
+6.29E11
(6.7)%6.95E9
+11.8E11

o O O ©

0

6.29E11

After converting from Ib to kip units, the SEISAB-I input stiffness matrix for

Model Bent 3 Column 1 is:

[Ksgisasl =

6.95E6

0
6.91E6

0
0
6.95E6

0 -4.66E7
4.63E7 0
0 0
9.39E8 0
1.49E9

6.29E8

Similarly, the model transformed stiffness matrix for Bent 3 Column 2 is

developed.

(KFHWAI =

[Kseisasl =

7.59E9

symmetrical

7.59E9

symmetrical

0
7.59E9

0
7.21E9

0
7.21E9

7.59E9
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0 0
0o 0

7.12E11 0

7.12E11
0 0
0 0
0 0

7.12E11 0

13.4E11

o O o o

0
13.4E11

o O O o

0
7.12E11



Transform restraint to mid-depth of Ftg h = hy = - 2.4 ft.

[Kseisasl =

MID-DEPTH
FOOTING

7.59E9 0 0 0 2.4(7.59)E9
7.21E9 0 2.4(7.21)E9 0
7.59E9 0 0
symmetrical (2.4)27.21 E9 0
+7.12E11
(2.4)27.59E9
+13.4E11

o O o o

0

7.12E11

After converting from b to kip units, the SEISAB-I input stiffness matrix for
Model Bent 3 Column 2 is:

7.59E6 0 0 0 1.82E7
7.21E6 0 -1.73E7 0
[KsgisaBl = 7.59E6 0 0
MID-DEPTH symmetrical 7.54E8 0
FOOTING 1.38E9
9.3 BENT 4 MODEL

o O O o

7.12E8

Following are the SEISAB-I input stiffness matrices for Model Bent 4 foundations.

[KseisaBl =
MID-DEPTH

FOOTING

Bent 4 Column 1
7.28E6 0 0 0 1.02E7
6.91E6 0 -9.67E6 0
7.28E6 0 0
symmetrical 1.35E7 0
1.29E9
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Bent 4 Column 2

I
7.28E6 0 0 0 -3.93E7 0
6.91E6 0 3.73E7 0 0
[KsgisaBl = 7.28E6 0 0 0
MID-DEPTH symmetrical 8.85E8 0 0
FOOTING 1.49E9 0
| 6.29E8

9.4 BENT 5 MODEL

The SEISAB-I input stiffness matrix for Model Bent 5 foundation is developed using
methods described for Model Bent 2.

2.58E5 -5.84E4 0 0 0 -3.90ES

6.01E5 0 0 0 -1.91E5
[KsgisaBl = 1.22E5 -1.37E5 -2.85E3 0
symmetrical 1.39E8 1.17E7 0
6.00E7 0

| 1.48E7

9.5 LOAD MODEL

The RESPONSE SPECTRUM must be input using the SEISAB ARBITRARY CURVE
option in order to include the effect of damping of base isolation bearings. The
isolation modes are the first 2 primary modes. The response spectrum used in this
example was supplied by WSDOT. Spectrum modification discussed in Task 1 Report,
Section 6.2 is not required because the total length of the bridge is greater than 250 ft.
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9.6 DISCUSSION OF THE INPUT FILE

The default units used in this example are kips, feet, seconds and radians.

The abutment-to-superstructure connections are specified as FIXED. To release the
abutments and transfer all abutment forces to the dummy replacement bent, all
abutment foundation spring values are set to zero in the FOUNDATION block.

The bent-to-superstructure connections are specified as FIXED by default.

All column tops are specified as FREE in order to activate BEARING ELEMENTS

located at the top of each column.

COLUMN TOP JOINT SIZE is specified to provide a rigid element from the top of
each model column (superstructure centroid) to the top of each actual column so that

true column stiffness is represented.
9.7 DISCUSSION OF THE OUTPUT FILE

Several iterative runs with varying BEARING KFIF1 stiffnesses were required to
match the model displacement of bearing elements at Bent 2 and Bent 5 to the
nonlinear displacement of the actual gap and bumper. Results of each run were

checked to:

1. Ascertain that the specified number of modes was found. .
2. Confirm that output displacement matches that used to estimate KFIF1.
3. Ascertain that the period of the first longitudinal and transverse modes fall

within the isolated region of the response spectrum.
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