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1.0 Introduction

This report documents the updating and enhancements of the TOPCAT program
made in the Spring, 1998. Based on the research schedule determined in the last meeting

with sponsors, three major tasks have been finished this semester.

The three tasks are:

e coding an analysis module handling shallow water wave kinematics into TOPCAT,
by application of cnoidal wave theory;

e introducing the effects of spatially distributed load on large-scale structures, by
consideration of the variation of horizontal velocity and wave surface elevation with
respect to distance and time, etc., phase angles;

e building a model doing the comprehensive sensitivity study of reliability analysis, by

application of first-order-second-moment reliability approximation.

The following chapters detail the formulation, coding, and discussion of these
tasks. Chapter 2 talks about the theoretical basis, realization and validity of cnoidal wave
module in TOPCAT. It also gives some calculation examples and extreme cases as
calibration. Chapter 3 deals with a simplified model reflecting the effects of spatially
distributed wave loading on large-scale offshore structures. The basic assumptions and
approaches are discussed. A calculation example is also given. As a part of this effort, a
new platform configuration - multi multi-leg platform is also studied. Chapter 4
documents the analysis model created to analyze the dependence of structure safety index
on the user-defined input parameters such as biases and COV’s. A case demonstration is
also attached. Chapter 5 is a brief description about the basic approach being adopted to
solve the problem of diagonal loading on offshore structures. Chapter 6 is conclusion and

future project development plan. Besides these documents, the source codes of the



program modules created and extensively modified during this phase are attached as an

appendix.



2.0 Shallow Water Wave Kinematics:
Application of Cnoidal Wave Theory in TOPCAT

The previous version TOPCAT has no calculation module dealing with shallow
water kinematics, which is considerably different from that predicted by Stokes V deep
water wave theory. For some platforms in the shallow water region, the calculated
loading is not quite correct. And for some cases, for example, a water depth less than 30
feet, the current Stokes V module in TOPCAT just simply can not converge during
iteration. It produces results which obviously are not reasonable such as very large free

surface elevations.

This chapter summarizes the recent development of an new wave kinematics
analysis module which has been added to TOPCAT. This module calculates shallow
water wave kinematics based on the second order approximation of nonlinear cnoidal

wave theory.
2.1 General

The present TOPCAT version uses Stokes V theory to calculate the wave
kinematics. This is good for deep water, for some transitory range between deep and
shallow water and even for some other water depths depending on the wave
characteristics. However, this kind of low order Stokes finite amplitude wave theory
becomes inadequate in very shallow water. This is because many coefficients of the
higher order terms “blow up”: they become excessive relative to the lowest order terms,
so that they can not be neglected in the governing motion equations. The basic
assumptions for Stokes wave theory are no longer satisfied. For high waves with longer

wave lengths, nonlinear wave theories should be used in the shallow water range.



Nonlinear periodic wave theories suitable for shallow water have been developed since

the last century. Among them, a fundamental one is cnoidal wave theory.
2.2 Cnoidal Wave Theory

The cnoidal wave theory was first developed by Korteweg and de Vries(1895).
The wave profile is developed in terms of Jacobian elliptic function “enu”, and this 1s
source of the name “cnoidal” came from. Like Stokes theory, the governing fluid motion
equation in cnoidal theory can be solved to different order approximations. The solution
of this theory has two special limit cases. The cnoidal wave theory spans the range from

sinusoidal or Airy theory in deep water to solitary wave theory in shallow water.

The definition of the wave characteristics are shown in Figure 2.1.

A high-order cnoidal wave theory

Vo
X y pe— fj 7
tv “Yf L
—X—MMX
AYAYAYA Y AYAYARA YA YA Y\ Y . YN YA Y

Figure 2.1 Wave charactenistics definition for cnoidal waves



In Figure 2.1, 7 is the free surface elevation, A is the wave length(or L). mis the

still water level( or water depth d), H is the wave height, and h is the trough water depth.

¢ is the celerity.

The cnoidal theory has been developed to higher order approximations. Besides
Korteweg and de Vries’s model, other presentations of the first order approximation were
made by Kulegan and Patterson(1940), Keller(1948) and Laitone(1961). Laitone(1961)
and Chappelear(1962) have developed respectively second and third order approximation
to cnoidal wave theory. Fenton(1979) developed a cnoidal wave theory which is capable
of extension to any desired order approximation. However, as to engineering application,
Fenton commented: there is absolutely no need to extend the solution higher than 5th
order approximation, and second order approximation will give results good enough

(Fenton, 1979).

23 Formulation of Cnoidal Wave Theory in TOPCAT

Based on the theoretical results of the cnoidal wave theory, the second order
approximation is used to calculate the shallow water wave kinematics in TOPCAT. There
is an assumption here, the celerity, horizontal, particle velocity and wave period are
affected by this assumption. The assumption depends on what kind of celerity definition
we use. Stokes first definition (zero mean horizontal velocity) and Stokes second
definition ( zero mean horizontal momentum) have different calculation formulae. In
TOPCAT, the Stokes first definition (zero mean horizontal velocity) of celerity was

chosen because it is usually applied in engineering practice.

The Jacobian elliptic function modulus « forms the fundamental parameter in
terms of which the solution is expressed. x has a value that ranges from zero to unity.

And the shallow water waves usually have a K approaching unity. One thing should be




noted: “approaching” means very close to 1, saying .999. Near unity, K is a very sensitive
parameter for cnoidal waves. A small variation in k, for example 0.999 to 0.9999 will
results in a completely different wave profiles. We can see this in the cnoidal wave

profiles demonstrated in Figure 2.3

Functions of k used here are: K(x) is the complete elliptic integral of the first

kind, E(x) is the complete elliptic integral of the second kind.

E(i) = f’z 1— k? sin® xdx

2 i
K(k) = | ———e—dx

Ji-k%sin® x

The variation with distance x along the wave propagating direction and the time t
of the different variables of interest are realized through the Jacobian elliptic function
argument ¢. q = K(kx ~wt)/ = K6/n. v is the ratio of E(x)/K(k), and Kr=1-. Also,
the Ursell number U=HL¥d"” and its first approximation U1=16k’K?/3 reflects the relative
magnitudes of the parameters H/L and d/L, which expresses the relative water depth and

has an important influence on wave shape and kinematics in shallow water,

Once the environmental characteristics, such as wave period T , wave height H
and water depth d are determined, the Jacobian elliptic function modulus x is also
determined if the wave is in shallow water and the cnoidal theory is applicable. An
iteration procedure can solve the value of k. The formulae used in the cnoidal wave

calculation module are as follows:

Trough Depth, h ”g“ =1-gh, —¢’h,



Surface elevation, 7 g =g{cn’q~h,)— s{%cnzqﬁ —cn'q) + hz]

Wave celerity, ¢ e = 1+ 8C, +E°C, + 0{8”]

Ted

Wave length, L

Qlt“
ﬁi%:

{1 el +0[s ]}

Wave Period, T d2 __ 3= : (1+€C1+8-02) Mk[gs]
gT?  16K°K° 1-gl,

Horizontal particle velocity, u
2z
—Ju——d = a(cnzq - h;)+ g’ {(f, +fen’q - cn4q) - -%(%) [K’2+2(2K2 ~ I)c:nzq - 3K20n4q]} + 0[83]
g

Vertical particle velocity, w
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Horizontal particle acceleration, du/ét
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Vertical particle acceleration, dw/ &t
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where

H
g=—

d

K8 K
Q=2 =2 (ks - ot)

¢, =(2-k*=3y)/ 2’
¢, = {-5y(15y +19¢* - 38) - 18" ~ 88K} /120x"
1 = {12y +5¢* =10} / 8/’

£ = {(6y + 117 —16)+ k™ (9K = 10)} / 12k
Y f

1

f, = {2y +7x* —-6} / 4x*

The Jacobian elliptic function cnq and cngdngsnq can be expressed by a Fourier

series in 9:

en’q =Y A, cos(nd)

=0

cngdngsng = —gz nA  sin(nd)

nel

where the Fourier coefficients A, can be determined by:

2 n
zzn,(mz] ...................... nzl
e GG = o

A =

where = exp[-nK(x VK{x)]



Figure 2.2 shows the behaviors of complete elliptic integrals and the Ursell
number with respect to the Jacobian elliptic function modulus «. Figure 2.3 demonstrates

the free surface profiles of the cnoidal waves for different k values.
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Figure 2.2 E(x), K(x) and U as functions of k

2.4 Validity of the Cnoidal Wave Theory

It is important to know which of the various water wave theories to apply to
particular problem, where the wave characteristics and water depth are specified. In order
to address these problems, the validity of the various theories must be known. This

validity is composed of two parts: the mathematical validity and the physical validity.

The mathematical validity is the validity of any given wave theory to satisfy the
mathematically posed boundary value problem. For example, all the theories in use

satisfy the bottorn boundary condition exactly, however, the cnoidal and solitary wave



theories only approximately satisfy the Laplace equation within the fluid. All of the

theories only satisfy the dynamic free surface boundary approximately.

1.0
0.9
0.8 \
0.7 \
0.6
a»
T osH>"
a 4
- Y
0.4 41 .a -“
— A ~
0.3“6‘3 5 " N\ \\ RN
SANANAN
0.2 l\ A A SN \":'\
T ST
0.1 \ \\_‘ - \s\\ 3y

0 0.05 6.10 G.15 0.20 0.25 0.30 0.35 0.40 0.45 6.30

X
L
Figure 2.3  Free surface profile of the cnoidal waves

The second aspect, physical validity refers to how well the prediction of the
various theories agrees with actual measurements. This part of the validity has been

difficult to obtain due to the problem of wave tank design and measurement requirements

in field.

Dean(1970) examined the analytical validity of many wave theories. Figure 2.4
shows the results of the comparison of the theories. We can see that cnoidal wave theory

best fits the dynamic free surface boundary conditions in most range in shallow water.

10
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Figure 2.4 Comparison of wave theories to best fit free surface boundary condition

Mention shall also be made here of the Ursell number. It is very useful in
assessing the relative importance of nonlinear shallow wave theories. Ursell number will
take large values for high waves in shallow water. The application of the complete
Kortewege-de Vries equation is appropriate when the Ursell number is of order unity or is

moderately large. In general, following conclusions are valid.

2
Ursell number ; UR = Ehéw, where H is wave height; L is wave length; h is

water depth.
If UR<<1 (at most 26), stokes theory applicable. { intermediate and deep water)

If UR<<I, no permanent wave form.

If UR = order of 1, or moderately large, cnoidal wave theory applicable ( shallow

water).

1



The arguments above form the basis for a check-up mechanism in TOPCAT to
automatically chose which theory, Stokes V or cnoidal, shall be used for a specific
problem. Meanwhile, for the sake of comparison, there are options left for users to judge
which one is better. Users can force the execution of Stokes wave theory by choose the

options in input menu.
2.5  Calculation Examples

A Visual Basic module was developed to perform the calculation of shallow water
wave kinematics using cnoidal wave theory. The algorithm applied the formulae

described before. The main subroutine 1s concise.

Several examples were calculated to check the accuracy of the module. With an
input of wave height H = 8ft, wave period T = 15sec, water depth d = 25ft. The cnoidal
module gave the following results: Jacobian elliptic function modulus x = 0.99743;
horizontal velocity at sea bottom u(0) = 5.22ft/sec; trough water depth h = 23.18ft;
horizontal velocity at wave crest u(H+h) = 8.62ft/sec. The above results duplicate the

results Sarpkaya presented(Sarpkaya, 1980). The accuracy requirement is satisfied.

Other examples are parametric study of the two limit cases of cnoidal wave
theory, The value of k changes between 0 and 1. When « approaches 0, cnoidal wave
theory will converge to Airy wave theory. The wave height and wave period is small
relative to water depth. As k approaches 1, cnoidal wave theory converges to solitary
wave theory. The wave period becomes infinite, and the wave is skewed thoroughly
above the still water level. It shall be emphasized that the elliptic integral of the first kind
K(x) approaches infinity as k approaches 1. This asymptotic procedure is not very fast,
for example, K(0.999999) = 7.9228, K(0.9999999999) = 44.9815. We can see an

interesting phenomenon that for a x value very very close to unity, the K value is far from

12



infinity. This means that care should be taken with respect to the convergence speed of
the K function. This has been addressed numerically by the cnoidal module. However, the
present algorithm is not very efficient, the calculation speed is not fast. Effort is being
given to speed up the execution speed. Both limit cases have been realized by the cnoidal
wave calculation module. Given very small wave height and relatively small wave period,
the module will yields a k very close to 0. And the wave profile is identical with that of
Airy theory. Given that a very large wave period is input, the module will get a x very
close to 1. The wave profile is the same as that of solitary wave theory. This is another
proof of the validity of the cnoidal module. For example, with an input of H = 5ft, T =
300000sec, d = 25ft, the cnoidal module gives a value of k, x = 0.999999999, the
horizontal velocities at sea bottom, at the middle of depth and wave crest are respectively:
w(0) =4.721ft/sec, u(H/2+h/2)=5.026ft/sec and u(H+h)=5.945ft/sec; while the exact
solitary formulae give a x=1 and the horizontal velocities: u(0)=4.82ft/sec,

u(H/2+h/2)=5.13ft/sec and u(H-+h)=6.05ft/sec. The results are quite comparable.

13



3.0 Effects of Spatially Distributed Wave Loading

This document addresses a simplified analysis model that can reflects the spatially

distributed wave and current loads on offshore structures examined by TOPCAT.

3.1 General

The previous version TOPCAT has a module calculating the environment loads
on offshore structures, including wave and current loads. The wave kinematics is
evaluated using Stokes V theory. All the structure elements are modeled as equivalent
vertical cylinders that are assumed to be put at the wave crest. For the inclined members,
the effective vertical projected area is determined by multiplying the product of member
length and diameter by the cube of the cosine of its angle with the horizontal. It is
considered to be conservative. Considering the phase difference between the maximum
drag and inertia force components and the relatively small dimensions of a typical jacket-
type platform with respect to wave lengths and heights in an extreme condition, at the
time the drag forces acting on the platform reach a maximum value the inertia forces are
relatively small; hence, only the drag force component of Morison equation is estimated.

Thus the maximum force acting on the portions of structure below the wave crest is

evaluated by:
1 ;
F= 5 C,pAujy|

Where, u is the total water particle velocity profile under the wave crest, which
combines the wave and current effects, the current blockage and directional spreading are

also recognized in w.

14



The current simplified model is demonstrated in Figure 3.1.

COffshaore structure

Wave crest Equivalent cylinders
Simplifying procedure Wave
—- crest
...............
Main legs . Velocity profile at
Diagonal braces wave crest
Sea floor

Figure 3.1 Simplified load model in TOPCAT current version: transforming

offshore structures to equivalent vertical cylinders at wave crest

However, some offshore structures have relatively large dimensions. The
algorithm described above may cause excessively conservative results. The reason is
obvious. For a large offshore structure, only part of it is at the wave crest, while the rest
parts of the structure are located at the positions where the surface elevation is smaller
than that of wave crest. As a result, the projected area is smaller and the water particle

velocities may be much smaller than those at the wave crest.

To reflect this kind of wave and current load distribution with respect to the
spatial variation along the wave hitting the structure, a simplified model has been
developed to modify the wave and current kinematics calculation in TOPCAT. The
spatial effects are counted in by calculating the change of elevation and phases in wave

motion equations.

15



3.2  Basic approach of the new simplified model

The basic approach in this module is illustrated in Figure 3.2, Instead of
“collapsing” all the structure elements to the effective cylinders at the wave crest, the new
model takes the structure as several groups of cylinders along the wave propagating
direction. The number of the groups is determined by the structure geometric
characteristics. This is an input lefi to the users for multi multi-leg jacket structures. For
standard platforms, this is determined automatically. It is assumed that the maximum
force occurs when the center line of the structure is at the wave crest. The typical storm
wave length in deep water is > 1000ft, and the typical storm wave length in shallow water
is >300ft. Considering these facts, an offshore structure is unlikely to span over more
than one wave length. So the new model puts the structure on one design wave, the
structure center line is at the wave crest, as shown in Figure 3.2. The locations of groups

of effective cylinders are determined automatically according to structure geometry.

For example, given the structure in Figure 3,2, there are three groups of cylinders.
The locations coincide with the locations of the main structure legs. The wave crest is at
the center legs. The inclined braced between main legs are transformed to effective
vertical cylinders to the nearest group, using the existing area-projecting mechanism in
TOPCAT. Then we have three groups of cylinders spanning over one wave, the real wave

and current loads have a spatial distribution on these cylinders.

This spatial distribution of loads is recognized by the variation in phase angle.
The phase angle for a water wave is given by 6 = kx - ot. To simplify the problem, we
can assume that wave crest occurs at x=0 and t=0. So the distance from the structure
center line, x, reflects the wave profile variation along a wave length. It controls the wave

and current kinematics and the water surface elevation as well.

16



Offshore structure . .
Wave crest Velocity profile at

Wave crest
Main legs
amn ieg Diagonal braces
" Sea floor
Equivalent cylind W
quivalent cyincers ave Velocity profile Simplifying

crest
at wave crest procedure

Velocity profiles
reflecting the spatial
variations

Surface
elevation

Sea floor

»

I e
Distance x l Diistance x determines the phase angle

Center line of structure
Figure 3.2 The modified simplifying procedure: reflecting the spatial distribution of

loads by considering variation of phase angle and water surface elevation

TOPCAT has two modules calculating deep water and shallow water kinematics,
using Stokes V and Cnoidal wave theories respectively. Modifications are made to these

modules to the calculation of the variation of surface elevation and horizontal velocities

with respect to variation in phases.
For Stokes V theory:

5
Surface elevation, 1 kn = .1, cos(nd)

=l
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5
Horizontal particle velocity, u: L= > n¢, cosh(nks) sin(nf)
c

Bl

For Cnoidal wave theory(second order Approximation):
Surface elevation, 1: —E =¢g(en’g—h,) - az[% cn’q(l—cn’q) + hz}

Horizontal particle velocity, u:

2
—u\/g——&; - s(cnzq - h,) + az{(ﬁ +f,en’g — cn‘q) - Zz—z[%) [K'2~%~2(2K2 - 1)cn2q - 31(30!}4(;]} + 0[8’]
Ké K
Where, q = L ~(kx - wt}.
T %
Once the distance from center line is known, the phases(for ¢) can be
determined. Substitutes the phase value into the formulae above, the surface elevation and

the particle velocity profile can be figured out. Then, applying Morison equation to

calculate the total force:

N
I Co
FLota] = ZECdPAnun%um

n=i

Where, N is the number of groups of effective cylinders, A’ is the modified
projected area, u” is the modified horizontal velocity, considering the spatial variation of

wave profile along wave length.
Or, we can also express the formulae is another way:

F

spatial-distributed

F{:mm . CB . CQ
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Where, Forese is the force obtained from the previous formulation. Ce and C,are
the modification factor due to phase correction and surface elevation correction. Cp is a
function of change of phase angle at the location of the main platform legs. It reflects the
change in the water particle velocities. It is evaluated numerically by a subroutine added
to the program. C,, is a function of the change of free surface clevation and the equivalent
projected cylinder areas. It is also evaluated numerically by an algorithm coded in the

load spatial effect module.

3.3 Case Study

A case study of the load spatial effect module was conducted. The example

platform is SP62. This is a 8-leg regular platform. The main inputs are as followings:

Environmental: water depth d =340 ft
wave height H=80ft
wave period T=135s
surge height s =3 ft

Structural: 8-leg; 6 jacketbays; 2 deck bays

BS: bottom width bwl =122 ft
top width twl=511ft

EO: bottom width bw2 =202 ft
top width tw2 =131 1t
middle width mw =45 ft

The analysis results produced by the load spatial effect module is summarized in

Table 3.1.

19



It can be seen that the mean load on platform SP62 is notable. The load on each
jacket bay decreases by a percentage of 10-20%. For the EO case, the storm wave length
is determined by Stokes V module, which is around 977 feet. Then the phase angle
difference in EO direction is around 60 degree. At the center legs, the phase angles are 30
degree ahead or behind the wave crest. The surface elevations above SWL(still water
depth) at center legs(wave crest) and side legs are 45.7 feet and 36.2 feet respectively,
while the horizontal velocities are 21.1 ft/s and 18.0 ft/s. From these results, we can
conclude that the change in velocity is the major contribution to the load spatial effect.

The variation in surface elevation is not a big deal in changing the loading pattern.

Table 3.1 Load Spatial Effect for SP62 platform

Loading spatial effect: comparison with results without considering spatial effect
Jacket Bay Broad Side Loading{kips) End On Loading{kips)
Bay # Without Effect | With Effect ¢  Ratio Without Effect | With Effect Ratio

1 3344 2772 1.2061 3247 2757 1.4778
2 4529 3870 1.1702 4493 3904 1.1509
3 5421 4685 1.15714 5506 4839 1.1379
4 8021 5250 4.147 6203 5488 1.1303
5 8473 5671 1.1415 6752 6003 1.1248
6 6922 6093 1.1361 7271 8492 1.1201

Considering the fact that SP62 is not a very large structure, this decrease is not
very small. For larger structures, such as multi multi-leg jacket platforms, more obvious
load spatial effects is expected. However, one thing should be mentioned. The above
arguments are based on the assumption that the loading on the platform is drag dominated
and the inertial component is negligible. For some special large structures, such as multi

multi-leg jacket platforms, which may span over an entire wave length, this assumption

20




may not be true. The inertial component may not be neglected. This special case is still

being checked.

21



4.0 Sensitivity Analysis of Reliability

The structure reliability analysis is the “heart” of TOPCAT. The objectives of this
analysis are to identify the potential failure modes and weak-links of the structure and to
estimate bounds on the probability of system failure by taking into account the biases and
ancertainties associated with loadings and capacities. This is demonstrated by the values
of safety indices for the structure components of the platforms: deck bay, jacket bay and
pile foundation. The statistical properties of safety indices are derived considering the
uncertainties associated with environmental conditions, structure conditions, kinematics,
structure component capacity estimation and force calculation procedures. The basic
approach of the reliability analysis has been documented in the ULSLEA
reports(Mortazavi, 1996 and Stear, 1996, 1997)

4.1 General

Besides the evaluation of safety indices in a reliability analysis, it is often of
interest to know the sensitivity of the failure probability or the safety indices to the
variations of statistical parameters of the random variables involved in the problem. The
parameters, denoted by p, may include parameters in the distributions of the basic
variables and deterministic parameters in the limit state functions. As for our case, the
reliability sensitivity study in TOPCAT only deal with the dependence of safety index
B on the user-defined statistical parameters p. The parameters in the limit state functions
are taken as fixed and are not considered. In the current TOPCAT version, p 18 a vector
consisting of biases and coefficients of variation(COV) in loading and capacity

estimation. The major parameters are.

Bias: wjbias - bias of wave force on jacket

wdbias - bias of wave force on deck

22



eqbias - bias of earthquake loading

behias -

merbias -

perlbias -

jtbias
jcbias
gabias
pubias
COV: wijcov
wdcov

eqeov

beccov -

mercov -

perlcov -

jtcov

Jtcov

qacov -

bias of estimation of ultimate capacity of main diagonal braces
bias of critical moment of deck portal

bias of local buckling axial loading of deck portal

biag of estimation of joint capacity(tension)

bias of estimation joint capacity(compression)

bias of axial capacity of pile foundation

bias of lateral capacity of pile foundation

COV wave force on jacket

COV of wave force on deck

COV of earthquake loading

COV of estimation of ultimate capacity of main diagonal braces
COV of critical moment of deck portal

COV of local buckling axial loading of deck portal

COV of estimation of joint capacity(tension)

COV of estimation of joint capacity(compression)

COV of axial capacity of pile foundation

pucov - COV of lateral capacity of pile foundation

Above, biases take care of the calculation method uncertainties(TYPE 1) while

COV takes care of the natural uncertainties (TYPE I).

To do a reliability and sensitivity analysis, the basic random variables Z are

transformed into independent and standardized normal variables U:

Z(p)y=T"'(U,p)
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T is the transformation from z-space to u-space. By this way, the possible
dependence of the distribution of Z on the elements in p is explicitly expressed. The

failure set in the u-space is F(p):
F(p) = {ulg(u,p) <0}

This is the standard reliability analysis approach that TOPCAT follows. Now we
are interested in the dependence of P on the parameters p. The reliability index, expressed

as a function of p 1s Br(p):
Bx(p) = -@'[P(E(p)]

The reliability index is computed at p=po, po is the parameter set used in the
reliability analysis. The sensitivity of reliability index with respect to changes in
parameter values is expressed by the partial derivatives: Pz (p,)/ dp,. This is called
the sensitivity vector. These partial derivatives can be computed by numerical
differentiation, as we will do in some of the sensitivity vector calculations in TOPCAT.
But there are more efficient methods which do not require a repeated computation of the
reliability index. Following is one of them due to (Hohenbicher,1984). It includes a
useful set of asymptotic results for the partial derivatives. The asymptotic results have

been found to provide very good approximations.

First, Breitung (1984) showed the asymptotic results, which in terms of the safety

index and Pg are,

Bg(Pa)"’ﬁ(P@)» as S(pe)_)w
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B(p,) is the first-order reliability index. The result are asymptotic in the sense that the

product of B and the main curvatures of the failure surface at the working points is fixed

as P approaches infinity. In the same asymptotic sense Hohenbichler (1984) has shown:

%ﬁg(pa)méi—iﬁ(po), as B(p,)—> 0

We know, the first-order safety index is:
B(p,) =|u’|=(uTu")*

Vg(u',p,)

2202 = 3 Vg(u',p,) -
Wg(“,Pel g(u.p,)

where u” = -B(p,)

So, for a distribution parameter p;, the component in the sensitivity vector with

respect to it follows:

& 1 o . 1 o .
_Wﬁ(pa)mwuq*_u =“quT(zapo)
op, B op, p op,

where z=T'(u’,p,).

Unfortunately, the transformation T in our case is extremely complicated, which
is very difficult to express in a close form formulation. We divided the reliability
sensitivity analysis into several levels. At each level, the transformation is relatively
simple so that most components in the sensitivity vector can be handled analytically.
Following this approach, with some assistance of numerical analysis, the sensitivity
vectors for each structure component are derived with respect to the user-defined biases

and COV'’s.
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4.2  Structure Component Reliability Sensitivity Analysis

4.2.1 Sensitivity Vector Formulation

The reliability analysis in TOPCAT was based on a first order second moment
(FOSM) approach. The platform is divided into structure components such as deck bay,
jacket bay and foundation. Each component is evaluated for its safety index separately.
Using the FOSM formulation for capacity R and loading S, and assuming log-normally

distributed R and S, the safety margin and safety index are defined for each component:

M=hR~InS

Hy
O u

=

where, - hm and G'i,,zl"(f‘*‘V;)”"“[”(]+V§)“2l"(1+pMVaVs)
v PRTEY Y

B is a function of the sets of parameters p; such as biases and COV’s described
before. To derive the sensitivity vectors, the partial derivatives of B with respect to pi ,

chain rule is applied:

B _ g 0B F
op, i OF, dp,

where F; is the interim function connecting f to p;.

To facilitate the evaluation process, a hierarchical system is introduced to evaluate

the partial derivatives level by level. The top level is safety index §, while the bottom
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level is the uncertainty parameters. At each level, the asymptotic approach mention
before is used to calculate the partial derivative components in the sensitivity vector
which can be expressed in a closed form transformation T. For those components which
have no close form T, such as wave loading, which includes numerical integration, the
partial derivatives are evaluated numerically. Figure 4.1 shows such a hierarchical

system for a platform structure component.

Level 1

Safetv Index 33 )
v ¥

Components in capacity: Components in loading
Partial derivatives of § Partial derivatives of
with respect to pg and Vg Level 2 |ywieh respect to ys and Vs.

SN [\

Calculating sensitivity vectors, analytically and numerically

\ T

Bias in capacity ] JCOYV in capacity Bias in loading COVin
estimation: estimation: estimation: capacity
bebias, jthias, becov, jteov, Level 3 wjlas, wdbias estimation:
jebias, gqbias, jccov, qeov, eqbias wjcov, wdcov,
pubias pucov eqeov

Figure 4.1 Hierarchical system to evaluate partial derivatives in sensitivity vectors

Based on this approach, the sensitivity vector can be express as:

Vo = V5V, 0, Y

sensititvity

where, {fﬁ is the first level sensitivity analysis for a structure component. The

evaluation at the first leve2 is almost the same for all structure components:
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— 55 —— - 1 !
ap’g 6&(1‘1’&
op 1

Vo= Ous | _ Subs

VB - op - V& CTHy —GMZ
v, | |1+V] o,
.2!_3... Vs ‘GMz ~Huy
_avsd L 1+V32 GM3 .

For level 3, the evaluation procedure is quite complicated and depends largely on
the different formulations of capacities and loadings of different components. Following
is a discussion about the derivation of sensitivity vector of loading and capacity for each

structure component.

4,2.2 Sensitivity Vector of Loading

The sensitivity of B to wave loading uncertainties is straightforward and almost
the same for every structure components. But it’s evaluation process needs numerical
methods. As stated in the ULSLEA reports, the variation in loading comes from the
variation in wave force. The wind force uncertainty has little contribution and is

neglected. The wave loading is formulated as :

S.=K.K.H

Where, Sy, is the total integrated hydrodynamic drag force acting on a surface
piercing vertical cylinder. K, is a numerical integration that integrates the velocities along
the cylinder and is a function of wave steepness and the wave theory used to estimate the
velocities. K, is a force coefficient and a function of mass density of water p, diameter

of the cylinder D, and drag coefficient Cz. The mean forces acting on the elements are
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integrated and the shear force at each component level is calculated. These integrated
shear forces define the means of the load variables Sp for deck, Sy for each jacket bay,

and the base shear Sy for the foundation bay. The coefficient of variation of the wave load

is given as:

VS=JI}}<,+V},+(2VH)1

The sensitivity vector for loading can be easily derived:

op,
S : EARMY
B, 1| Pk 8v,, Y
\-[u - a}.tk‘ - t"l'k,p'}{; and {}V - % = "Yi__
S TN R T TR T LoV v,
5}J,H [V 8VS 4VH
o, Vel L Ve
..ab5 i

Where, p and V are mean value and COV of the random variables.

However, the function K, and Ky are not close-form. They are numerical
integration process in TOPCAT. The loading uncertainty parameters such as wjcov and
wdcov are deeply embedded in the loading estimation procedure and in the reliability
analysis module. So the sensitivity vectors have to be numerically evaluated also. Using
the chain rule, we can get the sensitivity vectors of loading with respect to wave force

COV as follows. The partial derivatives in the equations are calculated numerically.

A, av ] Wjcov
= | &Wdbias o )cov 1] v,
Vo= o, and V= ()J Wd cov
¢Wjbias oW d cov J
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4.2.3 Jacket Bay Reliability Sensitivity Analysis

Shear capacity in a given jacket bay is assumed to be reached when the vertical
diagonal braces or their joints are no longer capable of resisting the lateral load acting on
the jacket bay. Tensile and compressive capacity of the diagonal braces, the associated
joint capacities, and the batter component of axial forces in the legs due to overtuming
moment are included to estimate the jacket bay shear capacity. The reliability analysis 18

taken for only the low bound capacity of the jacket bay.

To estimate the lateral capacity of a given jacket bay, it is assumed that
interconnecting horizontal brace elements are rigid. Thus, the lower-bound capacity of the
n'® jacket bay Ry » which is associated with the first member failure in that bay, can be

given as:

R.=S6.K+F,

where F; is the sum of batter components of axial pile and leg forces in the given

bay and 5 - m_%&z s the lateral drift of the n™ jacket bay at the onset of first member

MLTF

failure. K; are deterministic factors accounting for geometry and relative member stiffness
(ot K; = horizontal shear force of brace element i at the onset of first brace or joint failure
within the given bay). Assuming that there is no correlation between the capacity of the
MLTF member and lateral shear in the jacket legs, the variance of the lower-bound

capacity of the n™ jacket bay can be given as:
p

2
cijﬁ(z Kz) oo+ By o,
i
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where o= Tonere s Bg; denotes the bias associated with the batter component of axial

* KML?F
leg forces F. And

M wl’
Pu= 5 -
_f Y A
{ I
8 A, n05e | o] ”I!
1+2——--~m~—32,'6J81cos—£— |
sing 5\ 2 /

Thus the variance of the compression capacity of a brace can be given by

N ( l 2 )
Cn=C ;;, PO A 0'..,
SAq

Based on this capacity formulation, the sensitivity analysis is conducted. The

mean capacity and the capacity COV are functions of biases and COV’s defined by users.

The sensitivity vectors can be expressed as:

oy, 1[G o, |
Opy, éc. Gy, “He,
Vo= ag;p _ zi:pki and v - aVRm = M
wo, | Oy, 1 VR, do . Ty, M,
511;‘ 8VR‘i- BFL ) GFL2
L aB:-*L ] GR,' 'px,.

Keep the sensitivity analysis going to the lower levels, we get more sensitivity

vectors:
5}1;‘ Pn,M'.LTF
T = Sbcbias | _ bebias K, o
e ay’&. 1 _(__ By 1 ]
aWijbias | | Kyre \ 84, Wibias/,
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S ] Wijcov ]
il 1 v,
dW]cov He - 0 OTle " Wd cov
oo V.
v =| O0Wdcov |
LEY bo E
ihi cov load - ———t-
agiy tas dwijbias
E ou
: cov load - ———
L owdbias 1| dwdbias
! Pu,MLTFZ -becov ]
- oo ] I
2
dbe cov LR
g (SAG) 1w, wjcov
V - aWj cov = KML"{F ) GP«,ML‘FF‘
e ac‘gh }2 1 . b b
awjblas (SAD ) . (W_] COV) SR W] 148
60&'_ Cpparr Ko
| ¢hebias bceov: Pu,ML‘fF
] K e - bebias ]

Note that the batter component of leg forces F is included in the jacket capacity,
but it depends on the wave loading, so it's mean value and standard deviation are

functions of the wave loading biases and COV’s. te. W, = F(wdbias, wjbias). Fisa

numerical integration. So, again, we encounter a non-close-form transformation, the

partial derivatives in the sensitivity vector vV, = need to be numerically

evaluated.
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4.2.4 Deck Bay Reliability Sensitivity Analysis

As to the deck capacity, two kinds of decks are formulated: unbraced deck portal
and braced deck bay. For the braced deck bay, the capacity formulation is just the same as
the jacket bay. So the sensitivity analysis follows the same as that of jacket bay described

above.

For an unbraced deck portal, a mechanism in the deck leg bay would form when
plastic hinges are developed at the top and bottom of all of the deck legs. Using this
failure mode as a virtual displacement, virtual work principle can be utilized to estimate

the deck leg shear resistance Ry

R, :MLI—(‘?" Mu’QA)

d

where M. Ld(£;+é—)
M“—cos(me/“\=G
M. 2 P

The moment capacity of the legs M., and the local buckling capacity P.. are
treated as random variables. Assuming perfect correlation between M., and P the

variance of deck legs capacity can be given as:

s [ORaY | o | ORa : {2rg \ [ 2Ra
Ohi =G| T YO T + 2 0ur Ornl — | |
EMer P Mo/ \OPex

6 IMcr 6 P crl

with respect to critical moment and buckling capacities M., and Py, evaluated at the
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mean values Ui and tper Based on these formulation, the sensitivity vectors can be

derived as:
- o -
Oty

op
\75,, 5;15 where op - Va Z.MP'M ~20M . 1

op o, 1+V, Sy g,
oo,

op

av,

L 5 .

[

As stated before, in the first level sensitivity vectors, the components in load {f“s

and ?VS are numerically evaluated.

The capacity of unbraced deck portal is mainly determined by deck section

eome and structure members’ characteristics. The mean value capacity is
Y My,

assumed unbiased in the previous TOPCAT version. And the COV’s of Mcr and P,y are
assumed to be fixed at 10%. In the new version, these fixed values are changed into user-
defined parameters. The input menu for biases and uncertainties are modified. Also, in
the input menu, the capacity bias and COV for caisson are added. The standard deviation

C,, I8 assumed to be determined by variations in moment capacity M and local

buckling capacity Pen. The sensitivity vector of o, is evaluated by:

Oty 2n oM, Q. oA
T = M _bias| | L, oM bias L, oM bias
e | By | 2n M, Q oA

3P bias | | L, GPbias L, OP,Dbias
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___\_??_“:mw He, (E&L)i Gy +(.§§L)(§§i}c%
&M _ cov O, | M, 2% SRG)
do
aP z;v }'l'Ra (aRd )2 ‘Gpd w{m(@i)(?gd )UMH
v = ,,fﬂ = GR: aPCﬂ aMcr Gpc{i
™ Ok v Oy,
oM _bias TYeC aM _bias
ol v Bk,
- OP bias | i B 8P_bias ;
M M
where, = %
oM bias M bias
e Q//
A M _Sin(Z _?{L).E..;i
OMI* — 2 Pcr] 2 pcrl
OP_ bias P_bias’®
oA lw(_i‘ﬁ. + Wl__) oM,

oM _bias L, 6EI C, OM,bias

_M._.__aA —-_1.~ EQW_F.}_)M_LM“
oP_bias L, GEI C, OP,bias

And the partial derivatives ;&d and g& are numerically evaluated.
C

o <l

4.2.4 Foundation Reliability Sensitivity Analysis

Two basic types of failure mode in the foundation are considered: lateral and
axial. The lateral failure mode of the piles is similar to that of the deck legs. In addition to
moment resistance of the piles, the lateral support provided by foundation soils and the
batter shear component of the piles are considered. The lateral and axial capacity
equations for piles in sand and clay are given in the ULSLEA report. These formulations
are used to calculate the best estimate capacities. Considering the uncertainties in soil and
pile material properties, the uncertainties associated with foundation capacities can also

be estimated. However, due to lack of data regarding modeling uncertainties, the total
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uncertainties associated with axial and lateral pile capacities are used in the current
TOPCAT, which implicitly include the uncertainties associated with soil and pile
parameters and capacity modeling. Obviously, it is a raw reliability model. The

uncertainty associated with the batter component of the pile force is added to the total

capacity uncertainty for vertically driven piles.

Based on the capacity and loading formulation of pile foundation. The sensitivity

vectors are derived. For a laterally loaded pile,
f"l‘R = pubia’S : HEPL; + FL‘fouﬁdasion
where, FL foundation 18 the batter force component in the foundation.

The sensitivity at different levels are as follows:

a;.I,R He —Hy
dpubias pubias
i} = ap’g = 6}1 E
| dwdbias dwdbias
Oty Ok,
| Owjbias | | dwjbias

The later two terms is V ., are evaluated numerically in the same way as the of

jacket bay.
Ol GAA
The loading sensitivity vector V,_ = owdbias | g . | Owdbias i
s 5T Yy v,
owdjias Bwdjias

numerically evaluated.

At last the capacity COV sensitivity vector is:
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v [ Bu, ,pucovVH, o, ) |
ool I SO U
v du, Mg ccovioad o, )
av, Au, M -covload O )
T = 8wjbia,s _ dwijbias Colly 2 ”az
Ve OV, pucov-u,
dpucov [, G,
jy_L.. Cp Mg . @VS
5"3%00"’ >V, oWdbias
5w'ci)v Os Hrn AL
LOWICV L L WV, OWjbias
Oy Ot

is evaluated in the same way as described before.

where, — -
Owdbias  Owdjias

For the axially loaded pile (both tension and compression), the sensitivity analysis

procedure just follows the same approach as that of laterally loaded pile.

4.3 Case Study

An example platform is analyzed to verify the reliability sensitivity module.
Again, SP62 is taken as such an example. The total sensitivity vectors of safety index

with respect to biases and COV'’s are summarized in Table 4.1.

From the results, we can conclude that the safety index is the most sensitive to
biases of capacity and loading, especially to the strength bias and jacket wave force bias.
The components of the sensitivity vectors with respect to these biases are close to 1,
which is a relatively large value, means that the magnitude in change of B is almost equal

to the change in bias. For COV’s, B is less sensitive.
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Table 4.1  Sensitivity vectors of safety index for SP62

Reliability Sensitivity Vectors of Safety Indexes with respect o Biases and COV's l
Jacket Bay
Bay # Broad Side | Bebias Wiibias Wibias Bcoov Wdcov Wicov
1 0.8831 -0.0278 -Q.9417 -0.3207 0.6511 .65
2 0.82¢2 | -0.0194 | 09392 | -0.1545 | O.1132 0.1132
3 (.8048 -0.0182 -5.9393 -0.1628 0.0362 0.0362
4 0.7502 | -0.0142 | -0.9218 | -0.2297 | 0.0461 0.0461
5 07078 -0.0129 -0.8032 0.1125 0.053 0.053
8 07472 | -0.0126 | -0.9307 ; -0.3504 | -0.0581 | -0.0581
Say # End On Bebias Wdbias Wibias Becov Wdcov Wicov
1 0.8735 -0.0234 -0.9586 -(1.4354 0.049 0.048
2 0.8747 -0.0165 -0.873 -6.1865 0.1269 0.1269
3 0.8456 -0.0132 -0.9718 -0.2996 0.1204 0.1204
4 0.5198 -0.0115 -0.8592 -0.1879 0.1243 0.1243
5 0.7832 -0.5104 -0.9481 -0.281 01101 0.1101
6 0.748 -0.0096 -0.941 .4273 0.0856 0.0856
Deck Bay
Neck Portal | Dmerbias | Dperibias | Wdbias Wibias Dmcreov | Dpericov | Wdcov Wicov
Broad Side 0.8795 0.0789 -0.0832 | -0.7734 -(.2821% -0.0289 -0.1633 -0.1633
End On £.9801 0.0783 -0.07G3 -0.8169 -0.2874 -0.0295 -0.1789 -0.1788%
Foundation
Broad Side Pubias Wadhias Wibias Pucov Wagcov Wicov
Lateral 0.6674 -0.6094 -0.7874 | -0.1858 g -0.0585
Axial{COM) 0.8698 50149 | -0.7408 | -0.5128 0.1526 0.1526
Axial{TEN) 0.8698 -0.0232 -1.151 -0.6366 0.0494 0.0484
End On Publas Wdbias Wibias Pucov Wdcov Wicov
Laterat 0.6538 -0.0083 | -0.8483 | -0.2313 g -0.0279
Axial{COM) 0.8688 -0.0118 | 07422 -.529 0.138 0.139
Axigi(TEN) {.8698 -0.0185 -1.1951 -0.6623 0.028 0.028

These results have some important implication for engineering practice. These

sensitivity vectors provide users very useful information. They help users identity which
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input parameters are more important than others, lead users’ attention to the

determination of values of these inpat parameters, thus help avoid wrong input.

These vectors can even help understand the change tendency of safety index. For
example, increasing strength bias can be taken as equal to increasing structure strength,
and increasing loading bias can be equivalent to increasing storm condition. By this way,
these vectors can tell users how much the structure should be strengthened to get a
required safety level. Or, they can tell users how much more loading can be imposed on

the structure before it is endangered.
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5.0  Diagonal Loading on Offshore Structures

Present TOPCAT is mainly a 2-D analysis tool. It only calculates BS and EO
loading and capacity characteristics. This is a study of two idealized cases, which
obviously are not realistic. However, offshore structures in field subject to loads from
different directions. One effort suggested by sponsors is the extend the 2-D TOPCATto a
3-D analysis tool. The first step to take in this research direction is the study of diagonal

loading on offshore structures.

This problem has be formulated by MTMG in UC Berkeley. Following is a brief
description of the basic approach to the problem. The analysis process can be divided into

two major step:

e Decomposition and superposition at the global level;
e Detailed loading and structure analysis at local level, no superposition and

decomposition are allowed at this level;

The decomposition and superposition procedures at global level are demonstrated
in Figure 5.1. It is assumed the diagonal loading pass through the geometry center of the
platform, thus no global torque is introduced. This assumption also require that the spatial
effects is not considered, this is because that torque will be created if spatial effects are
considered. Of course, all these effects can be counted in. But at this time, we only

consider the idealized no-torsion situation. The detailed study of torsion will be left for

the next phase.
In Figure 5.1, the diagonal force is decomposed into BS and EO components,
which are resisted by BS and EO frames respectively. Then, at the global level, the

analysis of BS and EO capacities can follow exact the same approach applied in the
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current TOPCAT, but with two exceptions. One is that the batter components of leg

forces will be completely different. The other is the change of the load patterns for pile

foundation.

Offangle -

BS Diagonal braces:
capacity
formulation

EQ component maodified

Diagonal

force BS component

Batter component
of leg forces
superposed

Force Decomposition

/*\

IBS component |

BS frames EQ frames
BS Loadi .
cacing EC loading
e m—-
+
Superposition
Batter component Leg force Batter component

Leg force

Figure 5.1 Diagonal loading: decomposition and superposition
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Both problems can be solved by superposition of leg forces obtained from BS and
EQ analysis. The change in batter forces is considered to be the most important
contribution to the change of the loading and capacities caused by the diagonal offangle.
After the new BS and EO capacities are determined, they are compared with the BS and
EO components of loading. As the platform usually has different BS and EO capacity, the
offangle determines which frame, BS or EQ, will have the first diagonal brace failure.

Then this lower capacity is the structure’s capacity resisting the diagonal loading.

As to the local level, Figure 5.2 is a cartoon showing the main concems in the

loading and capacity formulation.

Local horizontal
PP SESES———. =
drag force

Assumed uniformly
distributed local drag
force, component
vertical to brace, w

e Main diagonal

brace in EQ frame

EO direction

Wave Direction

\ Angle 8

Offangle o et

BS direction

Figure 5.2 Diagonal wave force and diagonal brace capacity at local level

The effects of the diagonal offangle at local level are mainly reflected in the
equivalent cylinder diameter of the braces and the ultimate capacity of braces. The first
effect will also have its influence at the global level. The total diagonal loading largely
depends on the value of offangle a. For example, for a diagonal brace in EO frame. The

variation of the equivalent diameter D, can be formulated as:
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a=0 degree, EO loading: D, =D-Sin’®
=90 degree, BS loading: D, =D/Sin’0

any o, diagonal loading: D,, = D(sin’ a + Cos’a, -Sin*0)/Sin6

As to the ultimate capacity P, we already know that it is formulated as:

_ M. W[
Pu" \ \ SAn
& A NN Y Sy
’ !ﬁkzwsmﬂjg 18‘ (:035 J

sine 2

The uniformly distributed vertical loading, W, in the formula is a function of the

offangle too. So the capacity Py ‘s also a function of the offangle. This is the second order

offect on the total structure capacity formulation of the diagonal wave loading.

Above are the basic approaches being applied in the development of the diagonal

joading analysis module. The program coding is still under way.
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6.0  Conclusion and Future Developments

Following the schedule set in last project meeting, MTMG in UC Berkeley
finished three tasks in the TOPCAT project in Spring, 1998. These tasks are:

o shallow water wave kinematics: cnoidal wave theory;
e spatially distributed wave loading on large structures;

« reliability sensitivity analysis;

This report summarizes the theory basis, problem formulation and problem
solving strategies developed during working on these tasks. The program modules
performing the analysis have been developed and integrated into TOPCAT. Case-study
results show good agreements with expectation. More extensive verification of the
validity of these modules is expected to be performed by new students in MTMG group.

The users participation and help in this verification will be highly appreciated.

This report also documents the basic approach of the diagonal loading analysis.
This approach is a part of the effort to extend the 2-D TOPCAT model to a more
advanced 3-D analysis tool. This will lead to the global torsion analysis and “optimal”
platform layouts. This is the main objective of the next phase of TOPCAT project.
Besides this effort, another thrust will be put on the development of an simplified
module that analyzes the platform deck element. This includes both the truss deck in Gulf

of Mexico and the box girder deck of platforms in North Sea.

Meanwhile, based on the work finished this semester, some small modifications
are expected. These may include the possibility of introducing the inertial force term to
make the load spatial effects more reasonable; the upgrading of iteration algorithm in

cnoidal wave kinematics module to improve the calculation efficiency; the updating of
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formulation of multi 4-leg jacket platforms so that it can handle multi multi-leg jacket

platform; integration of a small module that can do the analysis of long-term reliability.
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Appendix

Modules Created or Extensively Modified
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Module2

This Module contains one procedure, Macro3.

Last Modified by: Zhachui Jin
ony: May 22,1998

Drim senvi(2, 30, 4)
Sub reliability(}

This procedure computcs means and standard deviations for component capacities
and loads according to MVFOSM approximation methods. These means and standard
deviations are used to explicitly solve for the reliability indices of each componert.

Created by: Merhdad Mortazavi
Created on: 1/22/96

Last Modified on:  5/22/97

Last Modified by:  Zhaohui Jin
om 5/22/98
The algorithm calculating the sensitivity vector of retiability analysis
is integrated in this sub and other modules: medule 3, module 4, nodule 5

" Last Modified by: James Stear
' and moduie 7

' Begin by computing safety indices for deck and jacket bays
For } = 0 To nbay

* Find coefficients of variation for deck and jacket bay capacities
' Note: Mer COV is assumed to be 0.1, and Perl COV is assumed o be 0.1

Ifj = 0 And deckbaybraces = True Then
sigmacapi, j) = {sigmaalpha(i, 1)~ 2 * sumksq(i, 1)+ (covioad(i, 1) * 2 * tegthi, 1) " D) ~0.5
Elselfj = 0 And deckbaybraces = False Then
Ifnleg < 5 Then
'$555358
prdpmerl =2 * nleg / bayh(0} * Cos(Pi/ 2 * qdeck / nleg / fy / dla(1))
prdpperl = 2 * dimer(1) * qdeck / (bayh(0) * fy ~ 2 * dla(1) » 2) * Sin(Pi * qdeck / nleg/ 2/ fy / dia(1)
sigmacap(i, j) = dmercov * dimer(1}* prdpmer] + dpericov * {fy * dia(1) * prdppork
psmeav = dlmer(1) * prdpmerl
pspeov = fy * dia(1) * dperibias * prdpperl
‘psmbias = dmercov * p
*9.1 should be changed to a cov in input: dmercov, dperlcov
sigmacap(L, j) = {((0.1 * dimer(13)* 2 * nleg / bayh(0) * Cos(P1/2 * qdeck / nleg / fy/ dla(1))) ~ 2 + (0.1 * fy * dia(1) * (2 * dimer(1) * qdeck / (bay
h(0) * £y 72 * dla(t) * 2) * Sin(Pt * qdeck / nleg /2 fy / dla(1))) # 2 + 2% (0.1 * dimer(1)) 2 % nieg / bayh(0) * (Cos(P1/ 2 * qdeck / nleg / fy / dla(1))) * (0.1
* gy * dia(1)) * (2 * dimer(1}* qdeck / (bayh(0) * £y ~ 2 * dia(13 " 2) * Sin(P * gdeck / nleg / 2/ fy / a1 ) ~9.5
Else
prdpmert =2 * 4/ bayh(0} * Cos(Pi/ 2 * qdeck / nleg / fy / dla(1)}
prdppert =2 * dimer(1) * qdeck / (bayh(9) * fy * 2 * dla(1) " 2) * Sin(Pi * qdeck /nleg /2 /1y / dla(1})
. sigmacap(i, §) = (0.1 * dlmer(1)) ¥ 2 * 4/ bayh(0) * Cos(Pi/ 2 * qdeck / nleg / £y / Ia(12)) A7+ ((01 * fy * dla(1)) * (2 * dimer(1) * gdeck / (bayh(0
y# fy ~ 2 * dia(1) "~ 2) * Sin(Pi * gdeck / nleg /2 / fy/ dla(1)))) * 2 + 2% (0.1 * dimer(l); *2 % 4/ bayh(0) * (Cos(Pi / 2 * qdeck / nkeg / fy / dla(1))) * (0.1 * fy *
dla1y) * (2 * dimor(l) * qdeck / (bayh(0) * fy " 2 * dia(l) " 2) * Sin(Pi * adeck  nleg/ 27y dla(1) ~ 0.5
prdpmer2 = 2 * (nleg - 43/ bayh(G) * Cos(Pi/ 2 * qdeck / nleg / fy / dta(2))
prdpper2 = 2 * dlmer(2) * qdeck / (bayh(Q) * fy ~ 2 ¥ dla(2) * 2) * Sia(Pi * qdeck /nleg/ 2/ fy / dla(2))
sigmacap(i, j) = (prdpmerl * drncreav * dismer(1) + prdppert * dperlcov * fy * dla(1)) + (prdpmer2 * dnwrcov * dimer(2) + prdpper2 * dpericov * fy * d

la(2)}
' sigmacap(i, j) = sigmacap(i, j + ({01 * dlimicr(2)) * 2 * (nleg - 4}/ bayh(0) * Cos(Pi / 2 * qdeck/ nleg / fy / dla(2))) ~ 2 + (0.1 * fy * dla(2)) * (2 * dim
cr(2) * qdeck / (bayh{Gy * fy ~ 2 * dla(2) " 2)* Sim(Pi * qdeck / nleg/ 2/ fy /dla@) "2+ 27 (0.1 * dimer{2)) * 2 * {nleg - 43 / bay(0) * (Cos(Pi/ 2 * qdeck /
nleg / fy / dlal2)) * (0.1 * fredla(2)3*(2* dimer(2) * gdeck / (bayh(0y ¥ fy ~ 2 dia(2) " 2} * Sin(Pi * qdeck /nleg 72/ fy/ dla2pp " 0.3
psmeov = prdpmert * dimer(1) + prdpmer2 * dlmer(2)
pspoov = prdpper] * fy * dia(1) + prdpper2 * fy * dla(2)
End if
Ekselfj = 1 And pltype = 7 Or pltype = 8 Then
€OV of caisson braces or guywires is assumed 1o be 30%
' The COV and bias of caisson capacity are added to the uncertainty input dialogshest
sigmacap(i, ) = tbeap(s, ) * caissoncapoov
Else
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sigmacap(i, ) = (sigmaalpha(i, ) ° 2 * sumksq(i, j) + (coviaad(i, H * 2 *legih(i, )} " 1) " 0.5
End If
coveapdi, i) = sigmacapdi, j) / Tocap(i, }

' Now compute beta

I meanioad(i, j = 0 Then meanload(i, j) = 0.01
meanmarg(i, i) = Applicatioﬂ.in(Applicatim.Max((lbcap{i, 1) meantoad(3, i), 0.001)* ({1 + covioad(i, )~ 2) 7 (1 + coveapii, ) 1)} 0.5)
sigmamarg(i, j) = {Application.La{l + covcap(i, £ 2) + Application.Ln(l + covioad(i, D20 0.3
if sigmamargf(i, ) = 0 Then
beta(i,j} =0
Else
beta(i, j} = meanmarg(L, j) / sigmamarg(i, )
' $35555%
* sensilivity vector w.rd beta, 1 - meancap, 2 - meanload,
*3. COV capacity, 4 - COV load,
senvb(i, j, 1= 1 / theap(i, i)/ sigmamarg(i, [
senvb(i, §, 2) = -1 / meanload(i. j) / sigmamarg(i, i)
senvbd(i, j, 33 = coveap(, j3 / (1 + coveap(i, ) 2) * (-meanmarg(i, j) - sigmamarg(i, )} " 7}/ sigmamarg(i, )}~ 3
senvii, §, 4) = covioad(i, j) /(1 + covioad(i, ) ~ 2} * (sigmamarg(i, ) " 2 - meanmarg(i, j)} / sigmamarg(i, [} * 3
‘senys vector of COVload
If (coviead(i, i) - wicov) < 0.00001 Then
pvswdeoy = 0
pyswicov = 1
Else
pvswdcov = wdcov / covioad(, i}
pswjcov = wjcov / covicad(i, J)
End If

(>0 And pitype <7)Or =90 And deckbaybraces = "True") Then jackt bay or braced deck bay sensitivity

'sens vector of meancap : pmrpmaipha=sumki, pmrpmiegf=1
wens vector of meanload: ploadwdbias(l), ploadwibias(1j}

‘sens vector of COVeap
prsigmaalpha = sumksa(i, 3 * sigmaalphadi, j}/ sigmacap(i, } / Ibeap(i, i}
pvrsigmalegth = covlead(i, h * legfh(i, j) / sigmacapdi, j} / tbeapli, J)

* sens vector of sigmaalpha

psabecov = dbpu(i, j, mbtfE(, j3) " 2 * becov/ stgmaputt, ) / dokid, J, mItfEG, 1)

psawjeov = {dbix(i, j, mitf¥(i, 1)/ £) ~ 2 * dbw(j, mitfH(i, i) © 2 * wieov/ dbkidd, j, mitf#(i, j3) / sigmapedl, 1)

psabebias = beeov * dbpui, j, MG, j3)/ bebias / dbki(i, f, mitfE(i, i1

psawjbias = (dblx(i, j, mitf(, )/ 8) ~ 2 * dbw(G, mitf#(, 1)) " 2 * wicov " 2/ dbkidi, §, mitf(i, )} / sigmapu(i, §) / wibias

* sens vector of sigmalegfh

pstwdbias = covioad(i, j3 * pithwdbias(i,
pstwibias = covioad(i, j} * pithwibias{i, 1)
If (covioadd, j) - wjcov) < 0.00061 Then

pstwdeov = 0
pslwicov = legfhi, i)
Else

pstwdcov = fegfh(i. i) * wdcov / covioad(i, |}
pstwjoov = legfh(i. ) * wicov / covivad(i, )
End If

otal sens vector

‘sens vector w.r.t bebias

rhsensvii, j, 1) = senvb(i, §, 1) * sumksg(lL 3703 mitfalphafi, [}/ bebias + senvib(i, §, 3) * pvrsigmaalpha * psabebias

‘seng vector wrt wdbias

shsensv(i, j, 2} = senvb(i, j, 1) * plfhwdbias(s, j3 + senvb(i, j, 2) * ploadwdbias(i) + senvb(i, j, 37 * pvrsigmalegfh * pslwdbias

‘sens vector wrt wibias

fosensvii, j, 3) = senvb(i, j, 13 * pifhwibias(i, )+ senvb(i, . 2) * ploadwjbias(i, j + senvbii, j, 3) * (pvrsigmalegfh * psbwibias + pvrsigmaalpha * psawib
ias}

‘seny vector wrt booov

rhsensv(i, }, 43 = senvb(i.j, 3) * pursigmaalpha * psabotov

‘sens vector wrt wdcov

rhsensv(i, J, 51 =senvb(i, }, 33 ” pvrsigmalegfh * pstwdcov + senvb(i, §, 4) * pvswdcov

‘sens vector wit wicov

thsensv(i, j, 6) = senvb(i, , 33 * (pvrsigmalegth * pshajoov + pvrsigmaalpha ¥ psawjoov) + senvh(i, ], 4) * pvswicov
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Elselfj = 0 And deckbaybraces = Flase Then ' deck portal sensitivity
Yt dmcrbias
rheenev(i, 0, 1) = senvb{i, }, 1} * prddmerbias{i) + senvb{i, j, 3} * {~1 * coveap(i, 03/ Tocap(i, 0 * prddmerbias(i)
“wrt dperibias
rhsensv(i, 0, 2) = senvi{i, j, 1) * prddperibias(i} + senvi(i, , 33 % (-1 * coveap(i, )/ Ibeap(i, O)) * prddperibias(i}
‘wrt wdbias
rhsensw(i, 0, 3) = senvB(i, . 2) * ploadwdbias(i}
Ywrt wibias
rhsensvii, 0, 4) = senvhbii, 3, 2) * ploadwibias(i, 0}

‘wri dmcreov
rhsensv(i, 0, $) = senvbi(i j, 3}/ Ibcap(i, 0} * psmeov
art dpcrleov
rbsensv(i, 0, 6) = seavt(i, j, 3}/ ibeap(i, 0 * pspoov
St widcov
rbsensv(i, 0, 7) = senvii, j, 4) * pvswdcov
‘wirt wicov
rhsensv(i, 0, 8) = senvb(j, j, 4) ¥ pvswjoov
Else ‘caisson jacket bay semsitivity

‘caisson jacket cap bias
rbsensvii, j, 13 = senvb(i, j, 1) * tbeap(i, 1)/ caissoncaphias
‘wibias

rbsensu(i, j, 2) = senvb(i, j, 2) * ploadwdbias(i)
sbserssu(,J, 3) = senvb(i, j, 2) ¥ ploadwibiasti.J)

‘caisson cap cov

rhsensvii, j, 43 = senvb(i, j, 3}

rhsensv(i, }, 5 = senvii, j, 4) * pvswdcov
rhsensv(i, i, 6) = senvb(, }, 4) * pvswicov

End If

EndIf
Next ]

Now compute foundation safety indices
First find coefficient of variation for horizosntal capacity

covifeap(i) = {(pucov * pilchorzcap} " 2 + (coviead(i, phay} * 2 * legfh(i, nbay + IN " 2) " 0.3/ foap(i}
covafcap(i} = qeov

If meantoad(i, nhay + 1) = 0 Then meanload(i, nbay + 1) = 0.01
meanmarg(i, nbay + 1} = Application. Ln{ Application. Max({feap(i} / meanload(i, nbay + 1)), 0.001) * (1 + covicad(i, nbay} ~ 237 (1 + covifeap(i) ~ 20 " 0.5)
sigmamarg(i, nbay + 1} = {Application.La(l + covifeap(i) © 2) + Application.En(1 + covload(i, nbay)} ~ 223 7 0.5

Now compute foundation horizontal beta

If sigmamarg(i, nbay + 1) = 0 Then
beta(i, nhay + 1)=0
Forj=1To6
rbsensv(i, nbay + 1, 3= 0
Next }

Else
betali, nbay + 1} = meanmarg(i, nbay + 1)/ sigmamarg(l, nbay + 1)

" sensitivity vector w.r.t beta, | - meancap, 2 - meanload,
'3 . COV capacity, 4 - COV load,

senvb(i, nbay + 1, 1= 1/ feap(l) / sigmamarg(i. nbay + i3]
senvib(i, nbay + 1, 2)=«F/ weanload(i, nbay + 1)/ sigmamarg(i, nbay + 1)
senvb(i, nbay + 1, 3) = covifeap(i)/ (1 + covifoapdi) ~ 2) * (-1 * meanmarg(i, nbay + 13- sigrmamarg(i, nbay + 1} % 2) / sigmamarg(i, nbay + 1) 7 3
senvb(i, nbay + 1, 4) = covload(i, nbay} /(1 + covicad(i, nbay) ~ 2} * (sigmamarg(i, nbay + 1) ” 2 - meanmarg(i, nbay + 1))/ sigmamarg(i, nbay + 1) " 3

If verticalface = True Then

bafter = 1
Else

hatter = 2
End if

plfcappubias = pilehorzeap / pubias
pifcapwdbias = batter * piflwdbias(i, nbay + 1}
plfcapwijbias = batter * plfhwibias(t, nbay + 1)
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‘sigmapilehorzeapu = pilehorzeap * pucov
sigmalifh = batter * legfh{i, nbay + 1) * covioad(i, nbay)

i (covioasd(i, ) - wjcov) < 0.00001 Then

putwdeov = 0
pstwicov = legfh(, nbay + 1)
Else

pshwdcov = legfh(i, nbay + 1) * wdcov / covioad{i, nbay}
pslwjcov = legfhi(i, nbay + I) * wjcov / covload(i, nbay}
End If

pvrpucov = {pilehorzcap) * 2 * pucov / feap(i) " 2/ covifcapi)
pyrwdcov = sigmalfh * pslwdeov / feap(i) ~ 27 covifeap(i}
pvrwjeov = sigmalfh * pslwjcov / feap(i) " 2/ covifeap(i)

pvrpubias = 1 / foap(i) ~ 2 / covifeap(i) ® pucov * pilehorzeap ~ 2 / pubias - 1 / feap(i) * covifeap(i) * pifeappubias
pvrwdbias = 1/ (feap(i) * 2 * covifeap()) * sigmalfh * plfhwdbias(i, nbay + 1}~ 1/ feapdi) * covifcap(i) * plfcapwdbias
pvrwibias = 1/ (feap(i) "2 * covifeap(iy} * sigmalfh * pifhwibias(i, sbay + 13- 1 / feap(i) * covifcap(i} * plicapwjbias

‘total sense vector

rhsensv(i, nbay + 1, 13 = senvb(i, nbay + 1, 1) * plfcappubias + senvb{i, nbay + 1,3} * pvrpubias

thsensv(i, nbay + [, 2) = senvh(i, nbay + 1, ) * plfcapwdbias + senvb(i, nbay + 1, 3 * purwdbias + senvb(i, nbay + 1, 2) ¥ ploaciwdbias({)
thsensvii, nbay + 1, 3) = senvb(i, nbay + 1, 1} ¥ plfcapwibias + senvi(i, nbay + 1,3} * pvrwibias + senvii, nbay + 1, 2) * ploadwibias(i, nbay + )

rhsensv(i, nhay + 1, 4 = senvb(i, nbay + 1, 3} * pvrpucov
rhsensv{i, nbay + 1, 5} = senvb(i, nbay + 1, 3) * pvrwdoov + senvb(i, nbay + 1, 2y * pstwdcov / legfh(i, nbay + 1}
rhsensv(i, nbay + 1, 6) = senvb(i, nbay + I, 3y * pvrwjcov + senvb(i, nbay + 1,23 * pslwjeov / fegfi{i, nbay + 1)

End If

* Now compule betas for axial tension and compression capacities

frsregi) = O Then

meanmargacf{i) = 0
Else

meanmargacfi) = Application. La{rsre(i) * ((1 + covicad(i, nbay}~ 2) 7 (1 + covaftap(i) " 2)) " 0.5)
End If

Ifrset{i) = 0 Then
meanmargatf{i) =0
Else
meanmargatf{i) = Application La(rsrt{i) * ((} + covioad(i, nbav) ~ 2}/ (1 + covafeap(i) ~ 2y " 0.5}
End If
sigmamargaf(i} = (Application.Ln(l + covaleap(i) "~ 23 + Application.La{l + covtoad(i, nbay) " 2)) 0.3
If sigmamargaf{i) = 0 Then
betaacfli) =0
betaatfi) =0
Else
betaac{i} = meanmargaci(i) / sigmamargafli)
betaatfli) = meanmargatf{i) / sigmamargafi)
End If

‘sensitivity ; foundation axial

*wet ysr, compression—29, tension-—30

senvh(i, 29, 1y = 1/ tsre(i)/ sigmamargaf{i)

senvb{i, 30, Iy =1/ st} / sigmamargaf(t)

*wrt capacity COV

senvb(i, 29, 2) = covafeap(i} / {1 + covafeap(i} " 2) * (-1 * meanmargactli) - sigmamargaf{i) ~ 2}/ sigmamargaf{i} * 3

senvi(i, 30, 2) = covafcap(i}/ (} + covafeap(i) # 2) *{-1 * meanmargatfi) - sigmamargafli} ~ 2}/ sigmamargaf{iy ~ 3

wit load COV

senvb(i, 29, 3y = covload(i, nbay) /(1 + covioad(i, nbayy 23 *{-1* meanmargack(i) + sigmamargaf{i) ~ 23/ sigmamargaf{i} * 3
senvh(i, 30, 3) = covioad(i, nbay}/ (1 + covioad(i, nbay) " 2) * (-1 * meanmargatfli) + sigmamuargaf{i} ~ 23/ sigmarargaf{i) ~ 3

If (covioad(i, nbay} - wjcov) < {.0000G1 Then

pvswdeov = O
pvswjcov = 1
Else

puswiooy = wdcov / covioad(i, nbay)
pYEWjEOV = Wjtov / covlcad(i, nbay)
End If

Yotal sense vector: wrt gbias
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rhsensv(i, 29, 1} = senvb(i, 29, 1}/ pileloadcompi} * avpilecapcomp(i) / qbias
rbsensw(i, 30, 1) = senvib(i, 30, 1}/ pileloadtens(i) * avpilecaptens(i) / gbias

wrt wadlias

rhsensv(i, 29, 2) = seavii, 29, L) *(-1 ¢ rerc{i)) / piletoadcomp(i) * pileacwdbias(i}
shsensv(i, 30, 2) = senvb(i, 30, 1) * (-1 * rsrt{i)}/ pileloadtens(i) * pileatwdbias(i)
‘wrt wibias

thsensv(i, 29, 3) = senvhb(i, 29, 1) * (-1 *rsre(i))/ pileloadcomp(i) * pileacwibias(i}
rhsensvii, 30, 3) = senvb(i, 30, 1) * (-1 * rsrt(i)) / pileloadtens(i) * pileatwjbias(i)

Yt geov

rhsensv(i, 29, 4) = senvb(i, 29, 2}

rhsensv(i, 30, 4) = senvb(i, 30, 2j

rbsensvii, 29, ) = senvb{i, 29, 3) ¥ pvswdcov
rhsensv(i, 30, §) = senvb(i, 30, 3) * pvswdcov
rheensv(i, 29, 6) = seavb(i, 29, 3} * [VEWCOV
rhsensv(i, 30, 6 = senvixi, 30, 3} * pvswicov

Next t

End Sub

e prprdobed [=T'(734\,#¢rL=‘+,-k;"r||;~+f‘r‘+"?++‘?‘4"‘"|}::wz;:}:»:r;ew1|<.+‘§‘.:\:| L E s o 2
Sub tableout(}

7

' Echo of input information, data stored on Sheat]

Worksheets("Sheet3").Cefls(10, 5} = "ULSLEA"

“Worksheets("Sheet3").Ceils(1 1, 5} = "Ultimate Limsit State Limit Equilibrium Asalysis”
Worksheets("Sheet3").Cells(15, 5) = “Printed Data"

' Gilobal parameters of structure

*

Worksheets("Sheet3™1.Cells(1, 1} = "GLOBAL PARAMETERS OF PLATFORM”
Waorksheets(“Sheet3").Cells(3, 1} = "Session Name"
Worksheets("Sheat3").Cells(3, 1) = “Platform Type"
Worksheets{“Sheet3").Cells(6, 1) = "Number of Decks”

Worksheets("Sheet3").Cells(3, 4) = Warksheets("Sheet2™).Celis(2, 13}
If phtype = 1 Then

Worksheets("Sheet3").Cells(5, 4) = "4-leg Jacket"
Elself pltype = 2 Then

Worksheets("Sheet3").Cells($, 4) = "6-leg Jacket”
Elseif pltype = 3 Then

Worksheets("Sheet3").Ceils(3, 4) = "8-leg Jacket”
Elself pltype = 4 Then

Worksheets("Sheet3™).Cells(5, 4) = "12-leg Jacket”
Elself pltype = § Then

Worksheets("Sheat3").Cells(5, 4) = "Tripod Jacket”
Elself pitype = 6 Then

Worksheets("Sheet3"}.Cells(3, 4) = "Multi 4-leg Jacket"
Flself pitype = 7 Then

Worksheets("Sheet3"3.Cells(5, 4) = "Caisson {Braced)”
Else

Worksheets(“Sheet3").Cells(5, 4} = "Caisson {Guved)"
End i

Worksheets(*Sheet3").Cells(6, 4} = ndeck
If pitype > 6 Then

Worksteets("Sheet3™).Cells(7, 1) = “Water Depth ()"

Worksheets{"Sheet3"}. Celts(7, 4) = wdep

Worksheets("Sheet3").Cells(9, 1) = “PLATFORM GEOM ETRY"
Worksheets("Sheet3").Cells(11, 1) = “Tyistance hetween caisson and pile (1"
Waorksheets{*Sheet3"1.Cells{12, 1) = "Diistance from mudline to support point ()"
Worksheets(“Sheet3™).Cells(13, 1} = "Distance from support point to deck ()"

Worksheets("Sheet3"1.Cells( 11, 5) = bow(1}
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Worksheets(*Sheet3™). Cells(12, §) = bayh(1)
Worksheets{"Sheet3*3.Cells(13, 5) = bayh(0)

Hpltype =7 Then

Worksheets("Sheet3").Cells(18, 1) = “BRACE SUPPORT"
Worksheets(*Sheet3").Cells{17, 1) = "D (in)"
Worksheets("Sheet3").Cells(18, 1) = "t (in)"
Worksheets{"Sheet3") Cells(19, 1} = “Pu (kips)"

Worksheets{"Sheet3*).Cells(21, 1) = "Connection Area (in"2}"
Worksheets{"Sheet3").Celis(22, 1} = "Connection Capacity kipsy
Worksheets("Sheet3").Cells(23, 1) = "Connection SCF*

Worksheets("Sheet3").Cells(17, 3) = dbd(1, 1, 1)
Worksheets(*Sheet3").Cells(18, 3) = db(1, 1, 1)
Worksheets("Sheet3").Cells( 19, 3) = Application Round(dbpu(1, 1, 13, 0)

Ifdbtype(l, I, 1)=2Then
Worksheets("Shee13").Cells(19, 5) = "(compression)”
Else
Worksheets("Sheet3").Celis(19, 3} = "(tension)”
EndIf

Worksheets("Sheet3").Celis(21, 4) = jehd(1)
Worksheets{"Sheet3").Cells(22, 4 = Application. Round(jehd{ 13 * jyield(1), 0}

bump = 3
Elss

Worksheets("Sheet3”).Celis(15, 1) = "WIRE SUPPORT"
Worksheets("Sheet3*).Celis(17, 13 = "D (in}"
Worksheets("Sheet3™).Cells( 18, 13 = "Pre-Tension (kips)"
Worksheets("Sheet3™).Cells( 19, 1) = “Pu (kips)"

Worksheets("Sheet3").Cells(2 L, 1) = "Connection Area {ia"2y"
Worksheets{"Sheet3").Cells(22, 1) = "Connection Capacity (kips)”
Worksheets{"Sheat3").Cells(23, 1) = "Connection SCF”

Workshests("Sheet3").Cells(17, 4) = dbd(1, 1, 1)
Worksheets("Sheet3").Celis(1 8, 4} = pretension
Worksheets("Sheet3™).Celis(19, 4) = App]ication.Ronué{dbfyspeciﬁc(1, 1) *(dbd(3, 1, )/ 2} 2% Pi- pretension, 0)

Worksheets("Sheet3").Cells(21, 4) = jehd(1}
Worksheets("Sheet3").Cells(22, 4) = Application. Round(jehd(1) * jyield(1), 0}

bump =3
End If
Else

Worksheets("Sheet3").Cells(7, 1} = "Number of Jackel Bays”
Worksheets({"Sheet3*).Cells(8, 1) = “Water Depth 630

Worksheets("Sheet3").Cells(7, 4) = nbay
Worksheets("Sheet3").Cells(8, 4) = wdep

Worksheets("Sheet3").Cells{10, 1} = “SPECIAL CHARACTERISTICS”
bump =0
If deckbaybraces = True Then

Worksheets("Sheet3").Cells(12, 1) =" Bracing in Deck Bay"

bump = bump + |
End If
If verticalface = True Then
If pitype = § Then
verttext = "Leg"
Eise
verttext = "Face"
End If

Workshees("Sheet3").Celis(12 + bunzp, Iy ="V ertical ¥ & verttext

Page 6



Module2

bump = bump + 1
End If
If pgrout = True Then
Worksheets("Sheet3").Cells(12 + bump, 13="  Pile-Leg Annulus is Grouted"
bump = bump + |
End If
¥ skirt = True Then
Worksheets("Sheet3").Cells(12 + bump, 1) =" Skirt Piles”
bump = bump + 1
End If
Ifbump = 0 Then
Worksheets{*Sheet3").Cellg(12, 1) =" None"
bump = 2
Else
bumyp = bump + 1
End If

Waorksheets("Sheet3").Cells(12 + bump, 1} = “PLATFORM GEOMETRY"
Worksheets("Sheet3").Cells(14 + bump, 1} = "RBroadside Frames Top Width (/)"
Waorksheets("Sheet3").Celis(15 + bump, 1) = "Broadside Frames Base Width (fi)"
Worksheets("Sheet3").Cells{16 + bump, 1) = “End-On Frames Top Widih ()"
Worksheets("Sheet3").Cells(17 + bump, 1} = "End-On Fraines Rase Width (fy*

Worksheets{"Sheet3").Cells{14 + bump, 5) = tow(1}
Worksheets("Sheet3").Cells(15 + bump, 3) = bew(})
Worlsheets("Sheet3").Cellis( 6 + bump, 3) = wew(2)
Worksheets("Sheet3").Celis(17 + bump, ) = bew(2)

1f pltype > | And pltype < § Then
Worksheets("Sheet3").Celis(18 + bump, 1) = “"End-On Frames Center Section Width (ft)"
Worksheets("Sheet3").Cells(18 + bump, 5) = msw
bump = bump + |

End If

*

' Structural Layout

Worksheets("Sheet3").Cells{19 + bump, 1) = “STRUCTURAL LAYOUT"

Waorksheets("Sheet3").Cells(22 + bump, 3} = "Height ()"

Waorksheets("Sheet3*).Cells(21 + bump, 4) = "Diagonals”

Worksheets("Sheet3").Celis(21 + bump, 5) = "Diagonals”

Worksheets("Sheet3).Cells(21 + bump, 6) = “Horizontals”

Worksheets({"Sheet3").Cells(21 + bump, 7) = "Comer”

Worksheets{"Sheet3").Cells(21 + bump, §) = "Comer”

Worksheets{"Sheet3*).Cells{22 + bump, T} = "Legs D (in)"

Worksheets("Sheet3"1.Cells(22 + bump, 8} = “legs t (in)"

If pleype > 1 And pltype < 5 Then
Worksheets{"Sheet3").Cells(21 + bump, 9) = "Center”
Waorksheets(“Sheet3").Cells{21 + bump, 10) = "Center”
Worksheets{"Sheet3™).Cells(22 + bump, 9 = "Legs D ()"
Worksheets("Sheet3*).Cells(22 + bumnp, 10) = "Legst (in)"
Worksheets("Sheet3"1.Cells(21 + bump, 11} = "Appurt.”
Worksheets("Sheet3").Celis(21 + bump, 12} = “Marine"
Worksheets("Sheet3").Cells(22 + bump, 11) = "Sum Dy
Worksheats("Sheet3").Cells(22 + bump, 12) = *Growth (in)”

Else
Waorksheets("Sheet3").Cells(21 + bump, 9) = "Appurt.”
Waorksheets("Sheet3™).Cetls(21 + bump, 10} = "Marine”
Workshests("Sheet3"}.Cells(22 + bump, 9} = "Sum Dy
Waorksheets("Sheet3").Celis(22 + bump, 10} = "Growth ("

End If

Worksheets{"Sheetd").Cells(22 + bump, 4} = “BS Frames”

Waorksheets("Sheet3").Cells22 + bump, 5) = "EQ Frames”

Worksheets("Sheet3").Cells(22 + bump, 6} = "Bay Floor™

Fori= 1 Tonbay + i
Hi=1 Then
Worksheets{"Sheet3").Cells(22 + bump + 1, 1) = “Deck Bay"
Worksheets("Sheat3").Cells(22 -+ bump + &, 73 = did(1)
Worksheets("Sheet3"1.Cells{22 + bump + §, 8) = dii(1}
If deckbaybraces = True Then
Worksheets{"Sheet3").Cells(22 + bump + i, 43 = ndb(1, nbay + 1)
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Worksheots("Sheet3"). Celis(22 + bump + 1, 53} = ndb(2, nbay + 1)
End If
Else
Worksheets{"Sheet3").Cells(22 + bump + i, 1} = "Jacket Bay " &1i-1
Worksheets{"Sheet3").Cells{22 + bump + i, 4} = a1, i - 1)
Worksheets{"Sheet3").Cells{22 + bump + 1, 5)=ndb{2,i- 1)
Worksheets("Sheet3").Celis(22 + bump + 1, 7) = jI&1,i- 1}
Worksheets{"Sheet3").Cells(22 + bump + §, ) = jli{1,i- 1}
End If
Worksheets{"Sheet3").Cells(22 + bump + . 3) =bayh(i - 1)
Worksheets("Sheet3").Cells(22 + bump + i, 6) = nhb(i)
Hpltype > | And pltype < 5 Then
Ifi=1 Then
Worksheets({"Sheet3").Cells(22 + bump + 1, 9) = did(2}
Worksheets({"Sheet3%).Cells(22 + bump + i, 10) = dI(2)
Worksheets("Sheet3"1.Cells(22 + bump + i, 11} = dequapp(i- 1}
Worksheets{"Sheet3").Cells(22 + bump + i, 12) = mg(i - 1}
Else
Worksheets("Sheet3”1.Cells(22 + bump + 1, 9) = jld(2,1- 1}
Worksheets("Sheet3"™).Cells(22 + bump + i, 10) = jit(2, i« 1}
Worksheets("Sheet3").Celis(22 + bump + i, 11} = dequapp{i - 1)
Worksheets("Sheet3™).Celis(22 + bump + 1, 12) =mg(i - 1}
End If
Else
Worksheets("Sheet3").Cells{22 + bump + i, 9) = dequapp(i - 1}
Worksheets{"Sheet3").Cells(72 + bump + i, 10} = mg{i - 1}
End If
Nexti

bunp = bump + nbay = 3
End If ' ends large structural input block

Worksheets{"Sheet3").Cells(22 + bump, 1} = "PLATFORM DECKS"
Worksheets("Sheet3").Cells(24 + bump, 3} = "Bottom”
Worksheets("Sheet3").Celis(24 + bumgp, 4) = "Top"
Worksheets("Sheet3").Celis(24 + bump, 3) = “Broadside"
Waorksheets{"Sheet3").Celis(24 + bump, 6) = "End-On"
Worksheets{"Sheet3").Celis(24 + bumyp, 7) = "Weight"
Waorksheets("Sheet3").Cells(25 + bump, 3) = "Elev. ()"
Worksheets("Sheet3"3 Celis(25 + bump, 4) = "Elev. ()"
Worksheets{"Sheet3*).Cells(23 + bump. 5) = "Width (ft)"
Worksheets("Sheet3").Cells(25 + bump, 6) = “Width (/)"
Worksheets("Sheat3").Cells(25 + bump, 7) = "(kips)"

Fori=1 To ndeck

Worksheets("Sheet3").Cefis(25 + bump + i, 1) ="Deck " & |

Worksheets("Sheet3"}.Cells(25 + bump + 1, 3) = uk(i}

Waorksheets("Sheet3").Cells(25 + bump + i, 4) = ok{i)

Worksheets{"Sheet3").Cells(25 + bump + i, 53 = deckw(l, i}

Worksheets("Sheet3"1.Cells(23 + bump + & 6} = deckw(2, i}

Worksheets("Sheet3").Cells(25 + bump + i, 7) = Werkbooks(2).Sheets{1).Cells(821 +1* 7, &}
Next i

bump = bump + ndeck + 2

' Boatlanding projected areas

Worksheets("Sheet3").Cells{25 + bump, 1} = "BOAT-LANDINGS”
Worksheets("Sheet3").Cells(27 + bump, 1} = "Projected Area, End-On ("2}
Worksheets("Sheet3").Cells(28 + bump, 1} = "Projected Ares, Broadside {f°2)"
Worksheets{"Sheet3").Cells(29 + bump, 1) = "Total Weight (Kips}"
Worksheets("Shest3"). Cells(Z7 + bump, 5} = boatl(2}
Worksheets("Sheet3™).Cells(28 + bump, 5 = boatl{1}
Worksheets("Sheet3").Cells{29 + bump, 5} = boatlw

bump = burp + 1
' Conductors

v

Worksheets{"Sheet3"1.Cells(30 + bump, 1} = "CONDUCTORS”
Worksheets{"Sheet3"}.Celis(32 + bump, 1} = "Total Number”
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Worksheets{"Sheat3"1.Cells{33 + bump, 1) = "D {iny"
Worksheets{"Sheet3"}.Cells(34 + bump, 13 = "Penetration ()"
Worksheets{“Sheet3").Cells(35 + bump, 1) = "Fixity Above Mudline ()"
Worksheets(*Sheet3").Cells{36 + bump, 1} = "Weight (kips / f1)"
Worksheets("Sheet3").Cells(37 + bump, 1} = "Plastic Moment (kip-f1)"
Worksheets("Sheet11.Cells(38 + bump, 1) = “Morment of Inertia (f74)"
Worksheets("Sheetd").Cetls(39 + bump, 1} = "Group Strength Reduction {%)"
Worksheets("Sheet3").Cells(40 + bump, 1) = "Group Stiffhess Reduction {%)"

Worksheets("Sheet3™).Cells(32 + bump, 4) = numconductors
Worksheets("Sheet3").Celis(33 + bump, 4} = diaconductors
Worksheets("Sheet3™).Celis(34 + bump, 4) = penconductors
Worksheets("Sheet3*).Cells(35 + bump, 4) = conductorfix
Worksheets("Steet3*).Celis(36 + bump, 4) = weonductors * 1000
Worksheets("Sheet3”).Cells(37 + bump, 4) = mpeonductors
Worksheets("Sheet3").Cells(38 + bump, 4) = Iconducters
Worksheets("Sheet3").Cells{39 + bump, 4) = groupstr
Worksheets("Sheet3").Cells{40 + buinp, 4) = groupstiff

bumyp = bump + 12

' Platfonn tonnage estimate.

+

Worksheets("Sheet3").Ceils(30 + bump, 1) = "PLATFORM TONNAGE ESTIMATE"
Worksheets{"Sheet3").Celis(32 + bump, 1) = “Deck Section”
Worksheets("Sheet3").Celis(33 + bump, 1) = "Jacket”

Worksheets("Sheet3").Cells(34 + bump, [) = "Pies”

Worksheets("Sheet3").Celis(36 + bump, 1) = "TOTAL"

Worksheets("Sheet3").Cells(32 + bump, 3} = Application. Round(decklegsw + gdeck, 0) & " kips"
Worksheets("Sheet3™).Cells(33 + bup, 3} = Apptication Round{jacketw, 0 & " kips”
Worksheets("Sheet3").Cells(34 + bump, 3} = Application. Round{pilew, 03 & kips"
Worksheets("Sheet3").Cells{36 + bump, 3} = Application. Round(steelw + qdeck, 0) &~ kips™

* Global Material Parameters

Worksheets{"Sheet3"}.Cells(38 + bump, 1)= "GLOBAL MATERIAL PARAMETERS"
Worksheets("Sheet3™).Cells(40 + burnp, 1) = “Steel Yield Stress (ksi}"
Worksheets("Sheet3™).Cails(41 + bump, 1) = "Elastic Modulus ksiy”
Worksheets("Sheet3").Celis(42 + bump, 1) = "Brace Effective Length Factor, kK"
Worksheets{"Sheet3").Celis(43 + bump, 1) = "Brace Post-Buckling Strength Factor”

Worksheets{"Sheet3"),Cells(40 + bump, 5) = fy
Worksheets{"Sheet3").Cells{4t +bump, $}=¢
Worksheets(“Sheet3").Cells(42 + bump, 5) = kbuck
Waorksheets("Sheetd").Cells(43 + bump, 5) = bres

i}

' Biases and Uncertainfies

*

Worksheets("Sheet3™).Cells(45 + bump, 1) = "BIASES AND UNCERTAINTIES"
Worksheets("Sheet3™).Cells(47 + bump, 1} = “Structeral:”
Worksheets"Sheet3™).Cells(49 + bump, 4) = "Bias”
Worksheets{"Sheet3").Cells(49 + bump, 53 = "COV*

Worksheets("Sheet3*1.Cells(50 + bump, 1) = "Main Diagonal Strength”
Worksheets("Sheet3").Celis(51 + bump, 1) = "Tubular Joint Strength”
Worksheets("Sheet3").Cells(52 + bump, 1} = "Pile Axial Capacity”
Worksheets{“Sheet3").Cells(53 + bump, 1) = "Pile Lateral Capacity”
Worksheets("Sheet3").Cells(54 + bump, 1) = "Pile Axial Stiffess”
Worksheets("Sheet3").Cells(55 + bump, 1) = "Pile Lateral Siiffness”

Worksheets("Sheet3").Cells(30 + bump, 4) = bebias
Worksheets("Sheet3").Cells(5} + bump, 4} = jibiag
Worksheets("Sheet3"}.Cells(32 + bump, 4) = gbias
Worksheets(“Sheet3").Cells(53 + bump, 4) = pubias
Worksheets(*Shezt3"1.Cells(54 + bump, 4) = axialkbias
Worksheets("Shest3").Cells{5$ + bump, 4) = horizkbias
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Worksheets{"Sheet3™), Cells(30 + bump, 5} = beoov
Worksheets("Sheet3").Celis(31 + bump, 5) = jicov
Worksheets("Sheet3").Cells(52 + bump, 3} = qeov
Worksheets{"Sheet3").Cells{53 + bump, 5} = pucev
Worksheets("Sheet3").Cells(54 + bump, 5) = axialkcov
Worksheets("Sheet3").Cells(55 + bump, 5} = honizkcov

Worksheets("Sheet3™).Cells(57 + bump, 1) = *Load”
Worksheets("Sheet3").Cells(59 + bump, 4) = "Biag"
Worksheots("Sheet3 "1 Cellsés9 + bump, 5) = "COV*

Worksheets("Sheet3").Cells{60 + bump, 1} = "Wave-in-Deck Force”

Worksheets{"Sheet3").Cells{61 + bump, 1} = "Wave Force on Jacks!”

Module2

Waorksheets({"Shest3").Cell(62 + bump, 1) = "Earthquake Spectral Acceleration”

Worksheets("Sheet3").Cells(60 + bump, 4) = wdbias
Worksheets{"Sheet3").Cells{61 + bump, 4) = wjbias
Worksheets("Sheet3").Cells{62 + bump, 4} = egbias

Worksheets("Sheet3").Cells(60 + bump, 3} = wdcov
Worksheets{"Sheet3").Cells{6] + bump, 5} = wjcov
Worksheets{"Sheet3").Cells(62 + bump, 5} = eqeov

Ifpitype <7 Then

]
*
¥
4

Member parameters and other information

Main diagonals

Worksheets{"Sheet6").Cells(], 4) = "LOCAL PARAMETERS”
Worksheets{"Sheet6").Cells(2, 4) = "Broadside Main Diagonals”
Worksheets("Sheet7").Cells{1, 4) = "LOCAL PARAMETERS”
Worksheets("Sheet7").Cells{2, 4) = "End-On Main Diagonals”

If deckbaybraces = True Then nbay = nbay + 1

Fori=1Tol

Ifi =1 Then
whichsheet = "Sheet6”
Else
whichsheet = "SheetT"
End If
sumdiag =0
Forj = 1 To nbay
If deckbaybraces = True And j = nbay Then
Worksheets(whichsheet).Cells(5 + sumdiag, 1) = "Deck Bay"
Else

Worksheets(whichsheet).Cells(3 + sumdiag, 1} = "Jacket Bay "

End if

Worksheets(whichsheet).Cells{(6 + sumdiag, 1} = "Brace #"
Worksheets(whichsheet). Cells(6 + sumdiag, 2} = "D (in)"
Worksheets(whichsheet).Cells(6 + sumdiag, 3) = "t (in)"
Workshests(whichsheet).Cells(3 + sumdiag, 4) = "Bay"
Waorksheets(whichsheet).Cells(5 + sumdiag, 5}~ "Load"
Worksheets{whichsheet).Cells(5 + sumdiag, 6) = "Bracing”
Worksheets(whichsheet}. Cell(5 + sumdiag, 7) = "Joint i
Worksheets(whichsheet).Cells(5 + sumdiag, 8) = "Joint j”
Worksheets{whichsheet). Cells(5 + sumdiag, 10) = "Dent”
Worksheets(whichsheet).Cells(§ + sumdiag, 11} = "Out-of-"
Waorksheets(whichsheet).Cells(5 + sumdiag, 12) = "Pu"
Worksheets(whichsheet).Cells{6 + sumdiag, 4) = "Pesition”
Worksheets{whichsheet).Cells{6 + sumdiag, 5} = "Type"
Worksheets{whichsheet). Cellsl6 + sumdiag, 6} = "Pattern”
Worksheets(whichsheet).Cells(6 + sumdiag, 7) = "Type #"
Worksheets(whichsheet).Cells(6 + sumdiag, 8) = "Type #"
Workshests{whichsheet).Cells(6 + sumdiag, 9} = "Condition”
Worksheets(whichsheet).Cells(6 + sumdisg, 10} = "Depth (in)"

Worksheets(whichsheet).Cells(6 + sumndiag, 11) = "Straight (in)"

Worksheets(whichsheet).Celis{é + sumdiag, 12) = "(kips}”
Fork = 1 To ndb(i. j}
Worksheets{whichsheet). Ceils(6 + k + sumdiag, 1y =k

&j

Worksheets{whichsheet). Cells(6 + k + sumdiag, 2) = dbd(i, ;. K}
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Worksheets(whichsheet).Ceils(6 + k + sumdiag, 3} = dbi( ), k)
If dbpos(i, §, k) = 1 Then

Waorksheats{whichsheet}.Cells(6 + k + sumndiag, 4) = "left”
Etself dbposii, j. k) = 2 Then

Workshests{whichsheet).Cells(6 + k + sumdiag, 4) = "center”
Else

Worksheets{whichsheet).Celis(6 + k + sumdiag, 4) = "right"
End If
I dbtype(i, . k) = 1 Then

Worksheets(whichsheet).Cells(6 + k + sumdiag, 5} = "tens.”
Else

Worksheets(whichsheet) Cells(6 + k + sumdiag, 5 = “comp.”
End if
If dbeonfli, j, k) =1 Then

Waorksheets(whichsheet). Cells(6 + k + sumdiag, 6) = "8"
ElseIf dbconf(t, §, k) = 2 Then

Worksheets(whichsheet).Cells(6 + k + sumdiag, 6) = "K (V)"

Elself dbeoniti, j, ky = 3 Then

Worksheets(whichsheet).Cells(6 + k + sumdiag, 6) = "X"
Else

Workshests(whichsheet). Cells(6 + k + sumdiag, 6) ="K (A)"
End If

Worksheets{whichsheet).Cells(6 + k + sumdiag, 7) = dbjointi(i, j, k)
Worksheets(whichsheet). Cells(6 + k + sumdiag, 8) = dbjointj(i, j, k)
H dbeond(i, j, k) = 1 Then
Worksheets(whichsheet).Cells(6 + k + sumdiag, 9} = "intact”
Eiself dbeond(i, j, k) = 2 Then
Worksheets{whichshest).Cells{6 + k + sumdiag, 9) = "damaged”
Else
Waorksheets(whichsheet). Cells(6 + k + sumdiag, 9) = "grouted”
End If
Worksheets(whichsheet}.Cetis(6 + k + sumdiag, 10) = ddep(i. j, k)
Worksheets{whichsheet).Celis(6 + k + sumdiag, 11) = oes(i, J, k}
Worksheets{whichsheet).Celis(6 + k + sumdiag, 12} = Application Round(dbpu(i, j, k3. 0)
Nexik
sumdiag = sumdiag + 4 + adb(t, j)
Next )
Nexti

If deckbaybraces = True Then nbay = nbay - |

' Horizontal braces
Worksheets{"Sheet§").Cells(1, 3) = "LOCAL PARAMETERS"
Worksheets("Sheet8").Cells(2, 3) = "Horizontal Braces”
sumhorz =0
Fori=1Tonbay+ 1
Worksheets("Sheet8").Ceils(5 + sumhorz, 2) = "Horizontal Frame " & i
if nhb¢i} = 0 Then
Worksheets("Sheet8").Cells{6 + surmhorz, 1} = "No Braces"
Else
Worksheets("Sheet8™).Cells(6 + sumhorz, 1) = "Brace #"
Worksheets("Sheet8").Cells(6 + sumhorz, 2) = "D (in)"
Worksheets("Sheet®").Ceiis(6 + swmhorz, 3} = "t (in}"
Worksheets("Sheet8*}.Cetls(6 + sumhorz, 4) = "L (f)"
Worksheets("Sheet8).Cells(6 + sumhorz, 5} = "Angle w/BS"
For j = 1 To shb{i)
Worksheets("Sheet8"}.Cells(6 + | + sumhorz, 1} =}
Worksheets{"Sheet8").Cells(6 + | + sumhorz, 2) = hbd(i, j}
Worksheets{"Sheet8"}.Cells{6 + | + sumhorz, 3} = hba(i, j)
Worksheets("Sheet&").Cells( + ] + sumhorz, 4 = hbl(i, 1}
Worksheets("Sheet8“).Cells{6 + j + sumhorz, 3j = hbang(i, j)
Next j
End If
gumborz = sumhorz + 4 + nhb(i
Nexti

* Tubular joints
Worksheets("Sheetd"). Cells({, 3) = "LOCAL PARAMETERS”

Worksheets{"Sheet9").Ceils(2, 3) = "Tubular Joints”
Worksheats("Steet9").Cells(6, 1) = "Joint #"
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Worksheets{"Sheet9").Cells(8, 2) = "Type"
Werksheuts({"Sheet?").Cells(6, 3} = "Grouted?"
Worksheets(*Sheet9").Cella( 5, 43 = "Chord”
Worksheets{”Sheetd").Cells(5, 5y = "Chord"
Worksheets{"Sheet9").Cells(5, 6) = "Branch”
Worksheets(*Sheet?").Celis(5, 7) = "Capin K"
Worksheets("Sheet9™).Celis(5, 8) = "Angle"
Worksheets("Sheet9").Celly(5, 9) = "+Pu"
Waorksheets("Sheet9}.Cetis(5, 13) = "-Pu”
Worksheets("Sheet9").Cells(6, 4) = "D {in)"
Worksheets("Sheet9").Cells(6, 53 = "t {in)"
Worksheets("Sheet9").Cells(6, 6) = "D (in}"
Worksheets{"Sheet®").Cells(6, 7} = "(in)"
Worksheets{"Sheet9”).Cells(6, 8) = "(degrees)"
Worksheets("Sheet%").Cells(6, 9) = "(kips}"
Worksheets{"Sheet9™).Cells(6, 10) = "(kips)"
For i= 1 To njoird
Worksheets("Sheetd" L. Cells(6 + i, 1} =1
H jtypeli)= I Then
Worksheets("Sheet9" ). Cells(6 + i, 2} = "K"
Elself jtype(i) = 2 Then
Worksheets("Sheetd").Celis(6 +1, ) = "Y"
Else
Worksheets("Sheat?").Cells(6 + i, 2) = "XN"
End If
if jgrout(i) = True Then
Worksheets("Sheet9*).Cells(6 + 1, 3) = "yes"
Else
Worksheets("Sheet9").Cells{6 + 1, 3) = "no”
End If
Worksheets("Shee19™).Celis(6 + i, 4) = jchd(i)
Worksheets("Sheet9").Cells(6 + £, 5) = jeht(T)
Worksheets("Sheet9" 1. Cells(6 + i, 6} = jbrd(i)
Worksheets("Sheet9"}.Cells(6 + &, 7} = jgap(i)
Workshezts{"Sheet9").Cells(6 + i, B) = jang(i}
Worksheets("Sheet9™).Cells(6 + i, 9} = Application. Round(jput{i), )
Worksheets("Sheet9™).Cells(6 + i, 10) = Apptication Round(ipuc(i), 0)
Nexti

'E‘.nd If * end local parameters block

: Soil properties

Worksheets("Sheet13").Celis(1, 1} = "FOUNDATION"

Worksheets{"Sheet 13").Cells(3, 1) = "SOIL PROPERTIES”
Worksheets("Sheet}3").Cells($, 1} = "Number of Soil Layers: " & nsoillayer
bump2 =

Fori =1 To nsoiltayer

bump? =bump2 + 5 *{i- 1)

If stype(i) = | Then
Worksheets("Sheet 3").Cells(7 + bump2, 1) = "Layer " & i & ™: Sand”
Worksheets("Sheet13").Cells(9 + bump2, 1} =" Effective Angle of Intemal Friction (degrees)y”
Worksheets("Sheeti3™).Cells(10 + bump?2, 1) =" Submaerged Unit Weight of Sail (ibs / 173}
Worksheets("Sheet £3").Cells(9 + bump2, &) = sphi()
Worksheets("Sheet ! 3*).Cells(10 + bump?, 83 = Application. Round{gammas{i) * 1000, 0)

Else
Worksheets("Sheet13").Cells(7 + bump2, 1} = "Layer " & i & *: Clay"
Worksheets{"Sheet13").Cells(9 + bump?, 13 =" Undrained Shear Strength, Mudline (kip 7 872y
Worksheets{"Sheet137).Cells{10 + bump2, [)="  Undrained Shear Strength, Pile Tips (kip / R72)"
Worksheets("Sheet13").Cells{11 + bump2, 1) = Submerged Unit Weight of Seil {bs 7 ft"3)"
Worksheets("Sheet 13*).Cells(S + bump2, 6} = sul(i}
Worksheets("Sheet 137).Cells{ 10 + bumpZ, 6) = su2{i}
Worksheets{"Sheet13").Cells(11 + bump2, 6) = Application. Round(gammas(i) * 1009, 1))
bump? = bump2 + 1

End If

Next i
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bump2 = bumpl + 2

Worksheets("Sheet13%).Celis(10 + bump2, 1) = "Scour Depth ()"
Worksheets("Sheet 13").Cells(10 + bump2, 6) = scour

' Foundation piles
Worksheets("Sheet13").Cells(12 + bump2, 1) = "PILES"
If pltype > 6 Then
Worksheets("Sheet13°).Cells{ 14 + bump?, 1} = "Caisson™
Else

Worksheets{"Sheet 13").Cells{ 14 + bump?, 1) = "Main Piles: Corner™
End If

Worksheets("Sheet 13*1.Cells(16 + bump2, 1} = D {in)*
Worksheets("Sheet 13*).Cells(17 + bump2, 1) =" ()"
Worksheets("Sheet13").Cells(I18 + bumpZ, 1}="  L{ft)"
Worksheets("Sheet137).Cells(19 + bump2, 1} =" Plugged?

Worksheets("Sheet13").Celis(16 + bump, 3) = piled(1}
Worksheets("Sheet13™).Cells(17 + bump2, 3) = pilet(1)
Worksheets("Sheet137).Celis(18 + bump2, 3) = pili()

Worksheets("Sheet 1 3™).Cells(16 + bump?2, $) = "Lateral Capacity (kips)”
Worksheets("Sheet13").Cells(17 + bump?, 5) = "Axial Capacity, Tension {kips}"
Worksheets("Sheet13").Cells(18 + bump2, 5) = "Axial Capacity, Compression {kips)”
Worksheets(“Sheat 13*).Cells{ 16 + bump2, 9) = Application. Round{piiecaplai(1}, 0)
Waorksheets{"Sheet13").Cells{17 + bump2, 9) = Application. Round(pilecaptens{1), €)
Worksheets("Sheet13").Cells{ 18 + bump2, 9) = Application. Round(pilecapeomp(1). 0)

Worksheets("Sheet 13").Cells(19 + bump?, 5} = "Lateral Pilchead Stiffhess (kips / in}"
Worksheets{"Sheet13%).Cells(20 + bump2, 5) = "Axial Pilchead Stiffness (kips / in)”
Waorksheets({"Sheet13").Cells(19 + bump2, 9} = Application Round{pileheadkx(t) /12, 0)
Worksheets("Sheet 13%).Cells(20 + bump2, 9) = Application. Round{pileheadkz(1}/ 12,0}

If plug{1} = True Then

Worksheets("Sheet 13").Cells{19 -+ bump2, 3) = "yes"
Else

Worksheets("Sheet 13"}, Cells{ 19 + bump2, 3) = "no”
End If

If {pltype > 1 And plype < 53 Or pltype > 6 Then

1€ pltype > 6 Then

Worksheets("Sheet137).Cells(21 + bumpl, 1} = "Pile”
Else

Worksheets{"Sheet13").Cells(21 + bump2, 1) = "Main Piles: Center™
End If
Worksheets("Sheet13").Cells{23 + bump2, 1) =" D {in}"
Worksheets("Sheet13").Cells(24 + bump2, 1} =" 1 (in)"
Worksheets("Sheet137).Calls(25 + bump2, 1} =" L)
Worksheets("Sheet13").Cells{26 + bump2, 1) =" Plugged®”

Worksheets("Sheet13").Cells(23 + bump2, 3) = piled(2)
Worksheets{"Sheet13*).Cells(24 + bump2, 3} = pilew(Z)
Worksheets("Shest137).Cells(25 + bump2, 3) = pilel(2)

Worksheats{Sheet13").Cefls(23 + bumpZ, 5} = “Lateral Capacity {Kips)”
Worksheets{"Sheat13").Cells(24 + bump2, 5) = "Axial Capacity, Tension (kips)”
Worksheets("Sheet 137).Ceils(25 + bump2, 5) = "Axiai Capacity, Compression (Kips)"
Worksheets(*Sheet137).Cells(23 + bump2, 9) = Application. Round{pi lecaplat{2), )
Worksheets("Sheet [37).Cells(24 + bump2, 9} = Application. Round{pilecaptens(2), 0
Worksheets("Sheet13").Cells(25 + bump2, 93 = Application Round{pilecapcomp(2), 0J

Worksheets("Sheet13").Cells{26 + bumpZ, ) = "Lateral Pilehead StifTness (kips / iny"
Waorksheets("Sheet13").Cells(27 + bumpZ, 3) = “Axial Pilchead Stiffuess (kips / in}"
Waorksheets{"Sheet] 3%).Cells(26 + bump2, 9) = Application Round{pileheadkx(2)/ 12, §)
Worksheets{"Sheet13").Cells{27 + bump2, 9) = Application Round{pileheadkz(2}/ 12, iy

If plugf2) = True Then
Worksheets{ " Sheet137).Cells(26 + bump?, 3) = "yes”
Else

Page 13



Module2

Worksheets("Sheet13").Cells(26 + bump2, 3} = "no"
End If

burnp? = bump2 + 7
End If

I skirt = True Then

Workshests("Sheet13).Cells(21 + bump2, 1} = "Skirt Piles"
Worksheets("Sheet13"1.Cells{23 + bump2, 13} =" D {in)"
Worksheets("Sheat13").Cells(24 + bump2, 1=" ()"
Worksheets("Sheet137).Ceils(25 + bumpZ, 1)=" L&Y
Worksheets{"Sheet 13").Cells(26 + bump2, 1)="  Plugged?

Worlsheets("Sheet 13").Cells(23 + bump?, 3} = piled{3)
Worksheets("Sheet]13%).Cells(24 + bump2, 3) = pilet(3)
Worksheets(*Sheet13%3,Cells(25 + bump2, 3) = pilel(3)

Waorksheets("Sheet13").Cells(23 + bump2, 5) = "Lateral Capacity (kips)”
Worksheets{"Sheet13").Cells(24 + bump2, 5) = “Axial Capacily, Tension (kips)”
Worksheets{"Sheet 1 3").Cells(25 + bump?2, 5) = “Axial Capacity, Compression (kips)”
Worksheets("Sheet}3").Cells(23 + bumpZ, 9) = Application. Round(pdecaplai(3}, 0)
Worksheets("Sheet1 3").Cells(24 + bump2, 9) = Application. Round{pilecaptens(3), 0)
Worksheets{"Sheet137).Cells(25 + bump2, 9) = Application. Round(pilecapeomp(3), 8}

Worksheets("Sheet 3").Cells{26 + bump2. 3) = "Lateral Pilchead Stiffness (kips / in)”
Worksheets{"Sheet 1 3").Cells(27 + bump2, 5) = "Axial Pilehead Stiffness (kips / in)"
Worksheets{"Sheet 1 37).Cells(26 + bump?2, 9) = Application.Reund{pileheadkx(3) 7 12, )
Waorksheets("Sheeti3").Cells{27 + bump2, 9) = Application Round{pileheadkz(3}/ 12, ()

If plug(3) = True Then
Workshests("Sheet13").Celis(26 + bump?, 3} = "yes"
Else
Worlsheets{"Sheet 13", Ceils(26 + bump2, 3} = "no"
End If

bump2 = bump2 + 7
End If

bump2 = bumpl + 1
Worksheets{"Sheet13").Cells{21 + bump2, 1) = "NOTE: Pile Self-Weight Has Been Deducted From Axial Capacities”
bump2 = bump + 2

If skirt = True Then

Worksheets("Sheet13").Cells{21 + bump2, ) = "Numbers of Skirt Piles”
Worksheets("Sheet13").Cells(22 + bump2, 1) =" At Comers”
Worksheets("Sheet13").Cells{23 + bump2. 1) =" In End-On Frames”
Worksheets("Sheet13").Cells(24 + bump2, 1) =" In Broadside Frames"

Workshests("Sheet 13").Cells(22 + bump2, 4) = nskintcomner
Workshests("Sheet13"3.Cells{23 + bump2, 4) = nskirteo
Worksheets("Sheet13").Cells(24 + bump2, 4) = nskirnbs

bump? = bump2 + 5

End If

¥

' Include conductor data

[

If diaconductors > O Then

Worksheets("Sheet137).Cells(21 + bump2, 1} = "Conduciors”
Worksheets("Sheet13").Cells(23 + bump2, 1) =" Number”
Worksheets(“Sheet13").Cells(24 + bumpZ, 1) ="  D{in}y"
Worksheets("Sheet137).Celis(25 » bump2, 1) =" w (tba/ty"
Worksheets{"Sheet13").Cell(26 + bump2, 1) =" L)
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Workshests("Sheet13").Cells{23 + bump?2, 3} = numconductors
Worksheets("Sheet137).Cells{24 + bump2, 3} = diaconductors
Worksheets("Sheet 13).Celis(25 + bump2, 3} = weonductors * 1060
Worksheets("Sheet 13*).Celis(26 + bump2, 3} = penconductors

Worksheets{"Sheet137).Celis(23 + bump2, 5} = "Lateral Capacity (kips)"

Worksheets{"Sheet13").Celis(24 + bump2, 5} = "Group Strength Factor”

Worksheets("Sheet13*).Celis(25 + bump2, 3) = "Total Conductor Capacity (kips)”
Worksheets{"Sheet13").Celis(23 + bump2, 9} = Application, Round{conductorcap, 0)
Worksheets(“Sheet13").Cells(24 + bump2, 9) = groupstr

Worksheets("Sheet 13*).Cells(25 + bump2, 9) = Application. Round{numconductors * conductorcap * groupstr, 1))

Worksheets("Sheet 13*).Cells(26 + bump2, 5} = "Lateral Stiffness (kips 7 in)"
Worksheets("Sheet13*).Cells(27 + bump2, 5) = *Group Stiffiess Factor”
Worksheets(“Sheet13%).Cells(26 + bump?, 9) = Application.Round{conductorstiff / 12, 0}
Worksheets{"Sheet13").Cells(27 + bump2, 9} = groupstiff

bump2 = bumpZ + 8

If includeconductors = True Then
Worksheets("Sheet13").Cells(21 + bump2, 1} = "NOTE: Conductor Strength And Stiffness Have Been Included In Analysis”
Worksheets("Sheet137).Cells(22 + bump2, 1} =" Conductor Framiing Should Be Checked to Ensure Sufficient Strength Exists to Transfer Load"
bump2 =bump2 + 3

Else
Worksheets{"Sheet13").Cells(21 + bump2, 1) = "NGTE: Conductor Strength And Stiffness Have Not Been Included In Analysis”
bump? = bump2 + 2

End If

End If

' Include mat and mudline element data
If pltype < 7 Then
Worksheets("Sheet13").Celis(21 +~ bump2, 1} = "Mud Mats and Mudline Braces”
Worksheets("Sheet13").Cells(23 + bump2, 1} = "Contact Areas (°2)"
Worksheeis("Sheet 1 3").Ceils(25 + bumip2, 13 =" Mudline Braces (total area)”
Worksheets{"Sheet13").Cells(26 + bump2, 1} =" Comer Mud Mats (exch mat)"
Worksheets"Sheet137).Cells(25 + bump2, 5 = Application Round(mudlinebraceA, 0)
Worksheets("Sheet13").Cells(26 + bump2, 3} = comermat
if nfeg > 4 Then
Worksheets("Sheet137).Cells(27 + bump2, 1) =" Center Mud Mats {each mat}"
Worksheets("Sheet137).Cells(27 + bumpl, 3) = centermat
bump? = bump2 + 1
End If
Worksheets("Sheet1 3").Cells(29 + bump2, 3) = "Bearing"
Worksheots("Sheet 3").Cells{29 + bumpZ, 4) = "Sliding”
Worksheets("Sheet13").Cells(30 + bump2, 1) = "Strength Factor™
Worksheets{"Shee113").Cells(31 + bump2, 1) = "Stiffness Factor”
Worksheets("Sheet 13").Cells(30 + bump?2, 3) = bearingstr
Warksheets{"Sheet}3").Cells(30 + bump2, 4) = slidingstr
Worksheets("Sheet137).Cells{3! + bump2, 3) = bearingstiff
Worksheets("Sheet13").Cells(3] + bump2, 4) = slidingstiff

Worksheets{"Sheet13).Cells(33 + bump?, 1) = "Contact Surface Loads (kip / t2)"
Worksheets{"Sheet137).Cells{35 + bump, 1) ="  Max Bearing”
Waorksheets("Sheet13").Cells(36 + bump2, 1) ="  Max Sliding”
Waorksheets("Sheet13"}).Cells{35 + bump?2, 4) = Application. Round(bearingstress, 2)
Worksheets("Steet 137).Cells{36 + bump2, 4) = Application Round(slidingstress, 1}

bump? = bumpl + 17
If mudmats = True Then
Worksheets("Sheet13").Cells(21 + bumpZ, 1) = "Mats And Mudiine Braces, And Elements Supporting These Componens,”
Worksheets("Sheet13").Cells(22 + bump?, 1} = "Should Be Checked To Ensure The Required Surface Loads Can Be Carried.”
bump? = bump2 + 3
End i
End If
Weorksheets{"Shest3").Cells¢ 1, 10} = Worksheets("Sheet2").Cells(2, 13)

Ifpitype > 6 Then
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Worksheets(“Sheet12).Cells( 1, 10) = Worksheets("Sheet2").Cells(2, 13}
Worksheets{"Sheet14").Cells{1, 10) = Worksheets("Sheet2").Cells(2, 13)
Worksheets("Sheet! 3").Cells{1, 10} = Worksheets{"She12").Cells(2, 13)
Else
Fori=5To 14
Worksheets("Sheet™ & i}.Cells(1, 10} = Worksheets("Sheat2"}.Cells(2, 13)
Nexti
End If

' Reliability Sensetivity Analysis Output

Worksheets("Sheet] $7).Cells(l, 1) = “Reliability Sensitiviy Vectors of Safety Indexes with respect 1o Biases and COV's"
Worksheets("Sheet1 5).Cells(3, 1) = "Jacket Bay"

Worksheets("Sheet15").Celis(3, 3) = "Broad Side”

Worksheets{"Sheet157).Celis(3, 9) = "End On"

* jacket bay
Waorksheets("Sheet 1 5™).Cells(4, 1) = "Bay #*

Forj=1 To nbay

Worksheets("Sheet E5™).Cells{4 + j, 1) = ]
Fori=1To2 *1 for Bs and 2 for Eo

Worksheets{"Sheet $").Cells(4, 3 + (i - 1) * 6) = "Bcbias”
Worksheets("Sheeti5").Cells(4, 4 + (i~ 1) * 6)= "Wdbias"
Worksheets("Sheet15™).Cells(4, 5 + (i- 1) * 6) = "Wjbias"
Workshests{"Sheet15™).Cells(4, 6 + (i- |) * 6) = "Becov"
Worksheets("Sheet157).Cells(4, 7+ (i- 1) ¥ 6) = "Wdeov"
Worksheets("Sheet 1 $°).Cells(4, 8 + (i - 1) ¥ 6) = “Wjcov”

ifj =1 And plitype = 7 Or pltype = 8 Then ‘exception of caisson
Worksheets("Sheet15”1.Cells(4, 3 + (i - ) * 6} = "Caissoncapbias”
Worksheets("Sheet157).Cells(4, 6 + (i - 1) * 6) = "Caissoncapcov”
End If

Fork=1Toé
Worksheets("Sheet 1 5").Cells(4 +j,k+ 2+ {i- 1} *6) = Application. Round(rbsensv(i, . k) * 10000, 0y 7 10000
“Worksheets{"Sheet 15").Cells(3 +j, 4+ (i- 1) * 6} = Application Round(rbsensv(i, j, K) * 10000, 0)/ 10000

Nextk
Next i
Next j

Deck

Worksheets{"Sheet15").Cells(6 + nbay, 1} = "Deck Bay"

Fori=1Tol

If deckbaybraces = False Then

Worksheets{"Sheet} 5").Cells{7 + nbay, 1) = "Deck Portal”
Workshests("Sheet1 5").Cells(7 + nbay, 3 + (i - 13 * 8) = "Dmerbias”
Worksheets{"Sheet15").Cells(7 + nbay, 4 + (i - 13 * 8) = "Dporibias™
Worksheets("Sheet15").Cells{7 + nbay, 5+ (i - * ) = "Wdbias"
Worksheeis{"Sheet15").Cells(7 + nbay, 6 + (i- 13 * 8) = "Wjbias"
Worksheets("Sheet 1 5°).Cells(7 + nbay, 7 + (i~ 13* 8) = "Dmercov”
Worksheets{"Sheet]1 5").Cells(7 + nbay, 8 # (i- 1) * 8) = *Pperleov”
Worksheets("Sheet157).Cells(7 + nbay, ¢ + (i - 1) * §) = "Wdcov"
Worksheets("Sheet1$").Cells(7 + nbay, 10 + (i - 1} * &) = "Wicov”

Workshests("Sheet] $").Cells{6 + nbay, 3) = "Broad Side"
Worksheets{"Sheet] $*).Cells(6 + nbay, 11} = "End On”
Fork=1To8§
Worksheets("Sheet] 5").Cells(8 + nbay, k+2 + i - [} * 8} = Application. Round{rbsensv(i, 0, k} * 10060, 0) / 10000

Nextk

Else
Worksheets{"Sheet]15").Cells(7 + nbay, 1) = "Braced Deck Bay”
Worksheets{"Sheet135").Cells(7 + nbay, 3 + (i - 1} * 6) = "Bebias”
Worksheets("Sheet1 57).Celis(7 + nbay, & + (i~ 1) * 6) = "Wdbias"
Worksheets("Sheet 1 57).Cells(7 + nbay, 5 + (i« 1} * 6) = "Wjbias"
Worksheets("Sheet15").Cells(7 + ubay, 6 + (i- 1) * 6) = "Becov”
Worksheets{"Sheet1 5").Cells(7 + nbay, T4 (i-13¥6) = "Wdeov"
Worksheets{"Sheet1 5™, Celis(7 + nbay, 8 + (i - 1} * 6) = "Wjcov"
Worksheets{"Sheet] 5").Celis(6 + nbay, 3} = "Broad Side”
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Worksheets{"Sheet1 5"} Cells(é + nbay, 9 = "End On"
Fork=1To6
Worksheets(“Shect1 57).Cells(8 + nbay, k + 2 + (i - 1) * 6) = Application Round(rbsensv(i, 0, k) * 10000, 0)/ 10000
Nextk
End If
Next i

‘foundation

Worksheets{*Sheet15™).Cells(10 + nbay, 1} = "Foundation”

Worksheets("Sheet1 57).Cells(iG + nbay, 3} = “Broad Side”

Worksheets("Sheet15).Cells(10 + nbay, 9} = "End On"

Worksheets("Sheet15).Celfs(11 + nbay, 1) = "Lateral®

Hateral

Fori=iTo2
Worksheets("Sheet15").Cells(11 + nbay, 3 + (i - 1 * 6) = "Pubias”
Worksheets("Sheet15").Cells(11 + nbay, 4 + (i - 1) * 6) = "Wabias"
Worksheets{"Sheet} 5*).Cells(11 + nbay, 3 + (i~ 1}* 63 = "Wibas"
Worksheats("Sheet} 5").Cells{11 + nbay, 6 + (i- 1} * 6} = “Pucov”
Worksheets("Sheet15").Cells{11 + ubay, 7 + {i-1)* 6} = "Wdcov"
Worksheets("Sheet157).Cells(11 + nbay, 8 + (i~ 1}* 6) = “Wicov"
Fork=1To6

Worksheets("Sheet} 5").Cells{12 + nbay, k + 2 +(i- 1} * 6) = Application. Round(rbsensv(i, nbay + 1, k) * 10000, )/ 10063

Nextk

Nexti

‘axial
Worksheets("Sheet15").Celis(13 + nbay, 1) = "Axial"
Worksheets("Sheet15").Celis(14 + nibay, 1} = "Compression”
Worksheets“Sheet 1 57).Cells(15 + nbay, 1} = "Tension”
Fori=1To?2
Worksheets("Sheet15™).Cells(13 + nbay, 3 + (i - 1)* 6) = "Qbias"
Worksheets{"Sheet15". Celis(13 + nbay, 4 + {i - 1) % 6} = "Wdbias"
Worlsheets{"Sheet 15" Celis(13 + nbay, 5 + (i - 1) * 6 = "Wibias®
Worksheets{"Sheet157).Cells(13 + nbay, 6 + (i - 1} * 63 = "Qeov”
Worksheets("Sheet 1 5%).Cells(13 + nbay, 7+ (- 1) * 6) = "Wdcov"
Worksheets(*Sheet} $).Calls(13 + nbay, § +{i - 1) % 6) = "Wjeov”
Fork=1To#6
Worksheets("Sheet15™).Cells(14 + nbay, k + 2 + (- 1) * 6) = Application. Reund(rbsensv(i, 29, k} * 10000, 4)/ 1000C
Worksheets("Sheet15*).Celis(15 + mbay, k + 2+ (i- 1)} *6) = Application, Round{rbsensv(, 30, k) * 16000, €)/ 10000
Nextk
Next |

'spatial effect in Joading cutput

If (pltype = 1 Or pitype = 5 Or pitype = 7 Or pltype = §) And mtpltype <= I Then
MsgBox "No need to consider loading spatial effcet for small structures”
Elself spatial = True Then
Worksheets("Sheet16").Cells( 1, 1) = “Loading spatial effect: comparison with vesults without considering spatial effect "
Worksheets("Sheet 16™).Cells(3, 1) = "Jacket Bay"
Worksheets("Sheet16").Cells(3, 3) = "Broad Side Londing(kips)"
Worksheets{"Sheet16™).Cells(3, 7) = "End On Loading(kips)”

* jacket bay
Worksheels("Sheet 16™).Cells(4, 1) = "Bay #°

Forj= 1 Tonbay

Worksheets{"Sheet 1671 Cells(4 + §, 1} =4
Fori=1To2 '} for Bs and 2 for Eo

Waorksheets{"Sheet 16").Cells(4, 3 + (i~ 1} * 4) = "Without Effect”
Waorksheets{"Sheet 16").Cells(4, 4 + (i - 1} * 4} = "With Effect”
Worksheets("Sheet167).Cells(4, § + (i - 1) * 4) = "Ratio”
Worksheets("Sheet 16"} Cells(4 + . 3 + i~ 1}* 4) = Appication. Round{meantoad(i, j), 0}
Worksheets{"Shest 16°).Cells(4 + j, 4+ (i- 1) * 43 = Application Round{spmeanload{(i, j3, 0)
Worksheets(U"Sheet 16" Cells(4 +}, 5 # (i- 137 4} = Appiication. Round(10000 * meanload(i, }) 7 spmeantoad(i, j3, 93/ 10600
Next i
Next }
End if
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MODULE §

Created by: Merhdad Mortazavi
Created om: 1/22/96

Last Modified by: James Stear
Last Modified on:  12/2897

Last Modified by:  Zhachui Jin
on: June 8, 1998
This module contains the following macros:

' geomelry

* brace design

' weight

' joint capacity

' tnain diagonals

* jacket capacity

' deck bay

' foundation capacity

' foundation stiffness

' capacity profile

Public foundationkx, foundationktheta(2), kvertical, kthetabend(Z), piletoadcom2}
Public pileloadtens(2), sandpilecaptens(2), sandpilecapcomp(2), claypilecaptens(2)
Public claypilecapcomp(2), Gsoil, nu, axialkbias, herizkbias, comerskirts, designed
Pubtic legeffectivea, axialbias, pretension, jointsoff, dia(2), dii(2), dizp(2), die(Z)
Pubiic dlmp(2), dlem(2, 2), dimcr(2), dim{2), piteheadkx(3), piteheadke(3), lehtemp(2)
Pubiic mudmats, mudlinebraceA, Finoment(2})

L T e o R e o S R

'

Sub geometry() * Begin GEOMETRY

* Check to see if design options are used

+

If DialogSheets("OPTIONS").Check Boxes("prelim”} Value = xtOn Then
prelim = Trug

Else
prelitn = False

End If

If DialogSheets(*OPTIONS).Check Boxes(“includeconductors™}. Vilue = xI0m Then
includeconductors = True

Else
includeconductors = False

End If

If DisfogSheets("OPTIONS™).Check Boxes("designCD"). Value = xIOn Then
designied = True

Else
designed = False

End If

+

If DialogSheets{“O?’l‘IONS“)\Cisecki?mxes(“iszciudemudmat“).V alue = x1On Then
mudrmats = True

Else
muedmats = False
End If
If DialogSheets("OPTIONS").Check Boxes(“pgrout”} Value = xiOn Then
" pgrout = True
‘Else
* pgrout = Faise
'End If
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H Diaiogshcets("Diaiog?o“}.Cheeksoxes{“comerskjns“)_\"aiue = xiOn Then
* copnerskirts = True

‘Else

* cormerskirts = False

End If

+

H DialogSheets("OPTIONS").Check Boxes(“jointsoff"). Value = %x10n Then
jointsoff = True

Else
jointsoff = False

End if

* Assign densities, and initialize structure weights
steelg = 0,49 ' steel density, in kipscu

tho = (L,064 ° water density, in kipsicu ft
groutg = (.13 ' grout density, in kipsicu ft
decklegsw = 0

Jjacketw =0

pilew =0

mudlinebraceA = 1

extrapilecap{1) =0

extrapilecap{2} = 0

' Define gravity constant g {ft/sec”2) and Pi
£=32.174
Pi=3.14159

Assign parameters for special configurations

if pltype = 5 Then

nleg=3

offangle = Application. Acos(bew(1}/ bew(2} / 2)
Else

offangle = Pi/2
End If

If pltype = 7 Or pitype = & Then
nieg =1
did{1) = piled{1}
dlif1) = pilet(1)
pretension = jgap(1)
Fori=1To2
idci, 1) = piled(1)
it 1) = pile(1)
Next i
tew(1) = bew(1)
tew(2) = bew( 1)
bew(Z) = bow(1}

End If

* Now begin definition of structure geometry and member nformation

' Find total structure height, and elevation increments for plotting

htotal = G
For i = 1 To nbay

htotal = bayh(i) + htctal
Next t

=0
elevation{(y = htotal + bayh(0)
Do

efevation(i + 1) = elevation(i) - bayh{i)
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im=it+d
Loop While § <= nbay

elevbar = elevation{0}
interval = efevation(0) / 100

Forj=1To 100

aiev(j) = elevbar

elevbar = elevbar - interval
Next j

' Horizontal bay dimensions
Fori=1Tol
Ifi=2 And verticalface = True Then
alpha(i} = Am{(bew(i) - tow(i}} / htotal}
Else
alpha(i) = Atn{(bew(i) - tow(D)} / 2 / htotal)
End If

Next {
' End-on elevation, subject 1o broadside loads

i=1
Forj =1 To nbay
Ifnleg < 12 Then
Ih(1, 1) = towli)
Ih(i, j + 1) = Ih(i, j3+ 2 * (bayh(j) * Tan(alpha(i}))
thtdi, ) = 161, j)
Else
(i, 1y =tew(i)/ 2
Ih(i. j + 1) = th(3, j) + (bayh(i} * Tan(alpha(i)))
thi(i, j) = 2 * (L, )
Endd If
Next j

' Broadside elevation, subject 10 end-on loads
i=2
Forj= 1 Tonbay
if verticalface = True Then
[f nleg <= 4 Then
Ih(i, 1) = tew(i)
Ih(i, j + Y= i, j) + (bayh(i) * Tan{alpha{i}))
i, 1) = i, 5)
Elself nleg = 6 Then
th{i, 1y=tow(i}/ 2
' In(i,j+1) is for left side onty; right side is equal to tow( 12
Ih(i, j + 1) = th(i, }) + (bayh(j} * Tan(alpha(i})}
fhidi, j) = Ih(i, j) = 1h(i, 1)
Else
R, 1) = (tew(i) - mew) 7 2
* i+ 1) is for left side only; right side is equal to (i 1)
hi, j + 1) = Th(i, ) + (bayh(}) * Tan(alpha(i)))
Ist(d, i3 = thii, j) + msw + 1h(i, 1)
End If
Else
if nfeg <= 4 Then
th(i, 1) = tew(i}
th(i, § + 17 = ih(i, ) + 2 * (bayh(i) * Tanaipha(il})
thi(i, j) = b, j}
Elself nleg = 6 Then
thii, 13 =tew{i}/ 2
(i, j + 1y = i, ) + (bayh(j) * Tanfalphali})
gl 1y =2 * thil, )
Eise
thii, 1) = (tow(i) - msw) /2
thes, j + 1) = Thii, §) + (bayh(j) * Tan(alpha{i))
(i, j) = 2 * thi, j) + msw
Endif
End If
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Now begin definition of main diagonals

L]
' Frames seen from end-on elevation, which resist broadside loads
* Correct for presence of deck bay bracing

If deckbaybraces = True Then nbay = nbay + 1

i=1
If nleg < 12 Then
For j = 1 To nbay

If deckbaybraces = True And j = nbay Then
bayh{nbay} = bayh(()
lehtemnpdiy = ik, j)
Ihi, j) = Ihi, 1)
thii, j+ 1) =Ih(i, 1)
End If

* For alf broadside frame braces, in platforms with less than 12 legs
Fork =1 Tondh{i, J)
H dbeonf{i, §, k) = 1 Or dbconfl}, §, ¥) = 3 Then
abli, j, k) = Sqr(CIh(i, j + 1) + InGi, )}/ 2)* 2 + bayh(j) » 2
Elself dbeonfi, §, k) = 2 Then
dbi(k, j, k) = Sqr{((h(L, j3)}/ 2) " 2 + bayh(}) " 2}
Else
dbi(i, j, k) = Sqr(((th(i,j + 1)}/ 2) ~ 2 + bayh() * 2)
End If

Nextk
Next j
Else

' The left and right sections of the broadside frames of 12 feg platforms

For j =1 To nbay
If deckbaybraces = True And j = nbay Then
bayh(nbay) = bayh({(}
lebemp(i} = th(i, j}
(i, j) = i, )
Th(i, j + 1) = thii, 1)
End If
Fork =1 Tondbi, j)
If dbeonfli, J, k} = 1 Or dbeonfli, }, k) = 3 Then
Hdbtype(,j, k) =1Then ' tension
If dbpos(i, J, k) =1 Then ' lfl
dilgi, j, k) = Sqrdth(i, j + 13~ 2 + bayh(j} * 2)

Else * right
dbl(i, j, k)= Sqe(ih(i, )~ 2 + bayh(}) * 2)
End If
Else ! COMPIession

If dbpos(i, j, k) = | Then ' left
dbi(i, §, ky = Sqre(th(i, ) * 2 + bayh(j} * 2)

Else right
dblgi, j, k) = Sqr(ih(i, j + 1)~ 2 + bayh(jy " 2)
End If
End If

Elself dboonfli, j, k} = 2 Then
dbidi, j, k3 = Sar((ih(t, j3/ 2y~ 2 + bayh(j} ~ 2)
Eise
If dbaypedi, j, k) = 1 Then ' tension
Ifdbpos(i, j, k)= 1 Then ' left
dbi(h, §, kY= Sqr(ith(i, ] + 13- Th(L. )/ 2) ~ 2 + bayk{i) * 2}
Else ' right
dbi(i, ;. k) = Sqr(((th(i. ;) / 2) ~ 2 + bayh(z) " 2)
End If

Else ' compression
fdbpos(i, . k)= { Then ' kft
dbl(i, 1, k) = Sqr(((h(k, 137 2) ~ 2 = bayh() " D)
Flse ' right
dblGi, §, k) = Sar((thdi, j + 1) - 106, )/ 23~ 2 + bayh(i) )

Modules
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End If
End
End If
Nextk
Next j
End If

' Frames seen from broadside elevation, which resist end-on Joads

r

i=2
if nleg <= 4 Then
For j = 1 To nbay

If deckbaybraces = Frue And § = nbay Then

bayh(nbay) = bayh(0)

tehtemp(i) = th{i, j}

th(i, i = I, 1)

thii, j + 1) =thé, 1)
EndIf
Fork =1 Tondi(, j)

If dbconfli, j, k) = 1 Or dbconf{i, , k) =3 Then ' Single, X

If verticalface = Trug Then
If dbtype(i, k)= 1 Then ' tension
dbi(i, j, k) = Sqr((th(i, } + 1)3 " 2 + bayh(j} " 2)

Else ' compression
dbi(i, §, K) = Sqr{(th(i, ) ~ 2 + bayh(j) * 2)
End If
Else
dbi(i, j, k) = Sar(((h(i, ) + I, j + 1))/ 2)° 2 + bayh(i) " 2)
End If
Elself doconf{i, j, k) = 2 Then 'K
dbl(i, j. k) = Sqr{{(th(i, j)) / 2) ~ 2 + bayh(j) ~ 2)
Else 'A
If dbtype(i, j, k) = 1 Then ' tension

If verticalface = True Then
@biti, j, k) = Sqr{(th(i, j = 1 - th(i, 3/ 2) " 2 + bayh(j) ~ 2
Else
dbl(i, j, k) = Sqr{((h(i, j + 1))/ 2) " 2 + bayh{j; " 2)
End If
Else ' compression
If verticalface = True Then
dbl(i, ;. ky = Sqr(((ih(i, )/ 2) "~ 2 + bayh(j) " 2)
Else
dbli, j, k) = Sqr((Cih(i, j + 1))/ 2)* 2 + bayh(}) " 2)
Eed if
End If
End If
Nextk
Next j
Elszlf nleg = 6 Then
For j = 1 To nbay
H deckbaybraces = True And j = nbay Then
bayh(nbay) = bayh(0)
lehtemp(i) = th(i, )
(i, j) = thii, 1}
Ih(i, j + 1) = Ingi, 1)
Enad If
Fork =1 Tondb{i, )

+

' 6 legs, single or X-braced

1f dbeonfTi, §, k) = 1 Or dbconf{i, j, k) = 3 Then
If dbtype(i, j, k) = | Then ' fension
fdbpos(i,j, k)=t Then ° left
dbl(i, j, k)= Sqe(I{i, j + 13" 7 + bayh(j) ~ 2)
Else ' right
If verticalface = True Then
dbléi, j, k) = Sqr{Ciew(i) / 2) 2 + bayh(i) © 2)

Eise
dbldi, j, k) = Sqr(Ihi, 13~ 2 + bavh(3) * 2)
EndIf
End If
Eise ' compression
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Ifdbpos(i, j, k)= 1 Then ' left
dbi(h, j, k) = Sqr(ih(i, j} * 2 + bayh(j} ~ 2)
Else ' right
i varticalface = True Then
dbii, . k) = Sar{{tew(iy/ 2) ~ 2 + bayh(j} " 2}
Else
dbii, §, k) = Sgr(héi, j + 137 2 + bayh(;) " )
End If

End If
End if

' 6 legs, A-braced

Elself dbconfli, j, k) = 4 Then
If dbtype(i, i, k) = 1 Then ' tension
Ifdbpos(i, j, k) =1 Then ' left
dbi(i, j, k) = Sqr((l(i. j + 1) - (i, j/ 2} " 2 + bayh(i) * 2)
Else ' oright
I verticalface = True Then
dbl(i, j, k3 = Sqr({(tow(iyy/ 4) ~ 2 + bayh(i) " D)

Else
dbl(i, , k) = Sqr(((thii. )37 2) " 2 + bayh{j} "~ 2)
End If
End If
Else ' compression

Ifdbpos(i, j, k)= 1 Then ' left
dbldi, j, k) = Sqe({(th(, )}/ 2) * 2 + bayh(j) * D)
Else ' right
If verticaiface = True Then
dbigi, j, k) = Sqr{{(tew(iy) / 4} " 2 + bayh(j} * 2)
Else
dbidi, §, k) = Sqr{Cth(i, j + 13- ih{}, )/ 2) " 2 + bayh(} " 2)
End If
End If
End If
Else

¥

* 6 legs, K-braced

If verticalface = True And dbpos(i, j, k) =3 Then

dbl(i, j, k) = Sqr{{(tew(i}) / 4) * 2 + bayh(j} * 2}
Else

dbl(i, |, ky = Sqr({(thik, j)/ 2) " 2 + bayh(}) " 2)
End if

End If
Nextk

Next j

Else

' 8and 12 legs

Forj =1 To nbay

I deckbaybraces = True And j = nbay Then
bayh(nbay) = bayh(0)
lehtemp(i) = (i, 1)
I(i, 3 = thii, 1)
G, j+ =i 1)

End If

Fork = 1 Tondh(i, j)

' 8, 12 leg single or X-braced

i dbeonfli, }, k) = 1 Or dbconfli, j, k) = 3 Then
I dbtype(l, 1, k) = 1 Then * tension
Ifdbpos(i, j, ky= 1 Then * left
dblét, 3, k) = Sqr(th{i, j + 1) " 2 + bayh() " )
Elself dbpos(i, j, k)= 2 Then ' cenier
dhlti, j, k) = Saqr{msw * 2 + bayh(j) ~ 2}
Else ' oright
iIf verticalface = True Then
dbi(i, i, k) = Sqr(ih(i, 1)~ 2 + bayh{j} ~ 2}
Else
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dbl(i, j, k) = Sar(ih(i, j) " 7 + bayh(} " 2}
End if
End If
Else ' compression
Hdbpos(i, j, ky=1 Then ' left
dbi(i, j, k) = Sqr(th(i, 1)~ 2 + bayh(}) * 2)
ElseIf dbpos(i, , k=2 Then ' center
dbl(i, §, ¥) = Sqr{msw " 2 + bayh(j} * 2)
Else tonght
If verticaiface = True Then
dbii, j, k) = Sqrth(i, 1)~ 2 + bayh(}} ~ 2)
Else

dbi{i, j. ko = Sqr(indi. ] + 1)~ 2+ bayh(}y " 2)
End If
End If
End If

]

' 8, 12 leg Abraced

Elself dbcondli, j, k) = 4 Then
If dbtypefi, J, k) = 1 Then ' tension
Ifdbposii, j, k)= 1 Then ' left
dbl(i, §, k) = Sar{(Ih(i, § + - 1h(L /2y "2+ bavh({j} " 2}
Elself dbpos{i, j, k) =2 Then ' center
abl(i, j, k) = Sqr{(msw / 23~ 2 + bayh(}} * )
Else * right
If verticaiface = True Then
dblgi, j, k) = Sqré((ih(i, 1)/ 2) " 2 + bayh(}) * 2)

Else
dbl(i, j, k) = Sqr(((th(i, 3/ 2) 2 + bavh(j) * 2}
End If
End If
Else ' compression

If dbposii, §, k) = 1 Then *left
dbl(i, j, k) = Sqr((Ihii, 5 / 2}~ 2 + bavh(i} " 2)
Eiself dbposii, j, k) =2 Then ' center
dbi(i, j, k) = Sqr({msw / 2) 2 + bayh(}) ~ 2)
Else ' right
If verticalface = True Then
&b, . k) = Sqr({(thii, 1))/ 2) " 2+ bayh() * 2)
Else
dbi(i, §, k) = Sqr(Cih(i, j + 1)« (i, j) / 2) 2 + bayh(}) * 2)
EndIf
End If
End If

1

* 8or 12 leg, K-braced

Else
H dbpos(i, j, k) = 1 Then Y oleft
dbl(i, 5, k) = Sar((Ih(i, ) £ 2) * 2 + bayh()  2)
Flself dbpos(i, i, k) =2 Then * center
dbi(i, §, k) = Sqri(msw / 2} " 2 + bayh(j) " 2}
Else ' right
if verticalface = True Then
dbii, §, k) = Ser((ih(i, 1)/ 2) " 2 + bayhij} 2
Else
dbidi, j k) = Sar{(th(i, )}/ 2}~ 2 + bayh(i) " 2)
End If
End if
End If
Nestk
Next
End

¥

* Reset bay floor lengths

If deckbaybraces = True Then
th{1, nbay} = lehtemp(1}
(2, nbay) = lehtemp(2}

End If
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' Find angle each brace makes with the horizontal, as wel! as the length subject to

buckling (dbix).

Fori=1Toel

For j = 1 To nbay
if deckbaybraces = True And j = nbay Then
bayh(nbay) = bayh{0)
fehtemnp(i) = Ih(3, |}

Ih(i, j) = i, 1
(i, j+ 1y =i, 1)
End If

Foe k = 1 To ndbi, j)
theta(i, j, k) = Application. Asirdbayh(j) / dbl(i, j, k))

Al braces except X: unsupported tength is the same as physical length

If dbconfli, §, k) = 1 Or dbeonf(i, j, k) = 2 Or dbeonfli, j, k) = 4 Then

ablx(i, 3, k) = dbidi, j, k)

X-braces. X-braces are assumed to buckle only in-plane, with the center of the

X considered o be a support point.
i=1nleg<12

Efselfi = 1 And nleg < 12 Then
dbix(i, j, k) = (i, j ¢ 1)/ 2/ Cosithetadi, j, k})

i=1,nleg=12

Elselfi = 1 And nleg = 12 Then

I (dbposti, J, k) = 1 And dbtype(i, j, k) = 1) Or (dbpos(i, j, k) = 3 And dbtypedi, j. k) = 2) Then

thetax(i, j, k) = Atn((bayh() /I, j + 13)

dblxti, j, k) = Sin(thetax(i, j, k3) * th(i, j + 1}/ Sin(Pi - thetald, j, k) - thetax(i, j, k)
dblxi, J, k) = dbidi, j, k) - ((th(i, 5) * bayh(i) / (i, J) + Ih(i, j + 1)~ 2+ (i, 1) * Th(z. j + 1)/ &

Else
thetax(i, j, k) = At((bayh(} / th(i, HY)

dblx(i, j, k) = Sin(thetas(i, , k) * (i, = 1)/ SinPi - thetadi, J, &) - thetax(i, . k))

h(i, 3) + (i, j+ 1) " 2) 765

dbixgi, j, k3 = ((bayh() - 1AL, ) * bayh(i) / (i, ) + IG5, + 1)) ~ 2 + (i j * e j + 1)/ (i 3+ ihei, jHIN 2705

End If
1= 2, nleg <=4

Elselfi=2 And nleg <= 4 Then
1f verticatface = True Then
If dbtype(i, j. k) = 1 Then
thetax(i, j, k) = At{{bayh(j}/ Ih(i, } + 1))

dbixti, j k) = Sindthetax(i, j, k) * I, j + 1)/ Sin(Pi - theta(i, . k) - thetax(i, §, k)

dblx(i, J, k) = dblGi, j, k) - (Ihdi, §) * bayh@) 7 (hci, ) + di, j = 10~ 2+ (hGi, ) * b, § = 1)/ (th(i, )+ (i, j = D) 2 0.5

Else
thetax(i, j. k) = Atn{(bayh(j) / 1hs, )}

dblx(i, . &) = Sin(thetax(i, j, k) * h(i,  + 1)/ Sin(Pi - thatai, j, k) - thetas(i, J, k))

dbix(i, , k) = ((bayh(j} - (i, 5) * bayh(j) 7 (i, ) + 16, § + 1) " 2+ (el 33 * (i, § = 1)/ (G, )+ ki, 1+ Y 23703

End If
Else

dblx(i, §, k) = Wi, j + 1)/ 2/ Cos(theta(i, j, k)
End If

i=2,nleg=6

Elselfi=2 And nleg = 6 Then
IF verticaiface = True And dbpos(i, }, k) = 3 Then
dblxdi, §, k) = tew(i) / 4 / Cosftheta(i, j, k)
Else

16 (dbposii, j, k) = 1 And dbtype(i, j, k) = 1 Or {dbpos(i, j, k) = 3 And dbtype(i, §, k) = 2) Then

thetax(i,j, k) = Ato((bayh(3}/ thi, 3 = 1)

dblx{i, j, k) = Sin{thetax(i, ;, )} * i, j + 1)/ Sin(Pi - theta(i, |, k} - thetax(i, j, K}}

dbkxti, J, k) = dbiG, J, k) - {BGL ) ¥ bayh(i/ (hei.jy+ ek, § = 1) 2« (hi, D * (i j + D7 ChE ) + Wi, j+ DR 205

Else
thetax(i, §, k) = Am((bayh{i} / 1hii, 1)
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. dbixgi, j, k) = Sin(thetax(i, §, k3) * T, j + 1)/ Sin(Pi - theta(i, j, k) - thetax(, j, k)
Enibllt)‘i(lj k) = ((bayh(i) - th(i, ) * bavh() / (i, D+ L 1+ 172+ (I, 5} * i, j + DAL D+ I j+ DN 203
End If

'i=2,andnleg>=§

Else
If verticalface = True And dbpos(i, j, K} =3 Then
dblx(i, j, k) = Wi, 1)/ 2 / Cos(thetai, j, k))
Eise
I (dbpos(, j, k) = | And dbtype(i, ], k) = 1) Or {dbpos(i, j, k} = 3 And dbtypedi, j, k) = 2) Then
' thetax(i, j, k) = Ata{(bayh(j} / (i, j + 1))
dilx(i, j, k) = Sin{thetax(i, j, k)) * th(i, ] + 1)/ Sin(Pi - theta(, §, k) - thetax(i, j, k)
dblxgi, j, k) = dblc3, j, k) - ((Ihei, j) * bayh(G)/ (h(i )+ (i, j + D) "2+ (. 3™ Wi, + 1)/ (k) + el § = 1D 2) 7 0.5
Elself dbposti, , k) = 2 Then
dbix(i, j, Ky =dbl(, j, K}/ 2

Else
' thetax(i, ;, k) = Atn{(bayh(i) / Ih(i, i1)
' gdblxgi, §, k) = Sinfthetax(i, j, k)) * h(i, j + 1) 7 SinPi - theta({, , k) - thetax(, R 3}
dbix(i, 3, k) = ((bayh(i) - th(i, ;) * bayh()/ (thii, ) + (i, j + 1))~ 2+ (Ih(i, | * Th(i, j - 137 (i, 5 B, j+ 1N 2065
End If
End If
End i
Nextk
Next j
Next1i
If deckbaybraces = True Then

ih{1, nbay} = lehtemp{1)
th(2, nbay) = lehtemp(2)
nbay = nbay - I

End If

Fnd Sub' End GEOMETRY

PRI : " o i e bt e o ) L ik e R T T A AT ST WU o ST
B A o e + L 2 S o e 2 o ) oo t oo b e o e e ke e b b bt

Sub brace_design() * Begin BRACE DESIGN

* Preliminary design. If this option is checked, braces arc sized according to
* kL ratios of 50 and DA ratios of 40.

¥

if deckbaybraces = True Then nbay = nbay + 1

Fori=1To2
For j = 1 To nbay
For k=1 To ndb(i, })
dummy = kbuck * dbix(i, j, k) * 12/ 350/70.35
dbdi, j, k) = Application. Round{dummy, 0)
durnmy = dbd(i, §, k) / 40
dbt(i, §, k) = Application. Round{duntmy, 13
Nextk
Next j
Nexti

If deckbaybraces = True Then nbay = nbay - |

End Sub’ End BRACE DESIGN

Yot S - domie b b i o e e fi e o e i —t e i et gedint ; " ;
L i B 2 e 2 g oot it R L e N I At i g el 2 o T S L sttt e o 25 H s i e a3

Sub weight()* Start WEIGHT
" Total weight of horizontal braces, Also find total projected area of mudline braces

Forj=1Tonbay+1
Fork = 1 To nhbdj)
jacketw = jacketw + steelg * (Pi * (hba(j, k) - Bbt(j, k) * WbA(j, ¥y * hblGG, k) / 144
1f§ = nbay + 1 Then nmudlinebraceA = mudiinehraceA + hbd(j, k) * kbl k) / 12
Nextk
Next }

Page 9



Modules

+

* Add weight of braces and jacket legs 1o total jacket weight
if deckbaybraces = Troe Then nbay = nbay + 1

Fori=1To2
Forj = 1 To nbay
Ifi= 1 And nleg > 4 Then
jacketw = jacketw + steelg * 4 * Pi * GG, §) - jltdd, D) * JuG, J3 * bayh()/ 144
Elself i = 2 And nleg > 4 Then
jacketw = jacketw + steelg * (nleg - 4) * Pi * GI4G, J) - G, ) * G, ) * bayh(j) / 144
Elself i = I And nleg <=4 Then
jacketw = jacketw + steclg * nleg * PE* (jd(E, 3) - (L, 1) * (i, ) * bayh()/ 144
End If
For k = 1 To ndb{i, j}
jacketw = jacketw + steelg * {Pi * (dbd(i, j, k) - dbt(i, j, k3) * dbt(i, j, k) * dbi(i, 1, k))/ 144
Nextk
Next j
Nexti

' Find deck leg weight
If deckbaybraces = True Then
nbay = nbay - 1
Else
if'nleg > 4 Then
decklegsw = steelg * dla(1}/ 144 * bayh(0) * 4 + steelg * dia{2)/ 144 * bayh(0} * (nleg - 4)
Else
decklegsw = steelg * dla(1}/ 144 * bayh{0) * nleg
End If
End If

' Find pile weight and total stee] weight

If nleg > 4 Or pltype » 6 Then
Fori=1To?2
[fi=1 Then nanchor = 1
Ifi=2 And pltype = 7 Then nanchor = 2
Ifi = 2 And pitype = 8 Then nanchor = 3
pilea = {piled(i) - pileid)) * pilet(i) * Pi
[fpltype > 6 Then
pilew = pilew + nanchor * steelg * pilea / 144 7 (pilel{i))
Else
pilew = pilew + steelg * (4 + {nleg - 8) * (i- 1)} * pilea / 144 * (pilel(i) + htotal)
EndIf
Next i
Else
pilea = {piled(1) - pilet(1)) * pilet(1) * Pi
pilew = steelg * nleg * pilea/ 144 * (pilei(1) + htotal)
End If

If skirt = True Then

pilea = (piled(3) - pilet(3)} * pilet(3) * Pi

pilew = pilew + steelg * auskirt * pilea / 144 * pilel(3}
End If
stoetw = decklegsw + jacketw + pilew

Fnd Sub’ End WEIGHT

DTSRRI A S RS S5 RS S A T e
Sub joint_capacity() -~ Start JOINT CAPACITY

" ‘Fubular joint capacities. Tubular joint capacities are astimated from AP (1993)
* RP 2A Section E formulas. Only axial load is considered.
Fori= 1 To njoint
If jgrout{i) = True Then
Jeln(i) = jeh(f) + pilet{1}
End If
fheta(i) = jord(i) / jehd(t)
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jaamma(i) = johd(i) / (2 * jeht(i))
If jheta(i) <= G.6 Then
jqpetali) = 1
Else
jabeta(i) = 0.3 / (fbeta(i) * (1 - 0.8333 * jbeta(i)))
End if
If jgamma(i} <= 20 Then
jag(i) = 1.8 - 0.1 * Gigap(i) / jeht(iy)
Else
jag(y = 1.8 - 4 * (jpap(i) / jehd(i})
End If
If jqgti) < | Then jag(i) = |
jcummy(i) = jyield(d) * jehi(i) ~ 2 / Sinang(i) * 2 * 3.14/360)
1€ 3type(i) = 1 Then
Sput(i) = jebias * jdummy(i) * (3.4 + 19 * jbeta(i}) * jag()
ipuc(i) = jcbias * jdummy(i) * (3.4 + 19 * jbeta(i)) * jou(D)
Else
jput(iy = jebias * jdummy(i) * (3.4 + 19 * jbeta{i))
Iftype{) = 3 Then
ipuc(F) = jcbias * jdummy(i} * (3.4 + 13 * jbeta(i)) * jgbeta(i)
Else
jpuc(i) = jebias * jdummy(i) * (3.4 + 19 * sheta(i))
End I

End If
Nexti
End Sub® End JOINT CAPACITY

Vg ke e PETT A S RO SRS ) bk L e e o bt | PR
..... L i M i S S o o S0l 2 t LR o LR

Sub main_diagonals(} ' Start MAIN DIAGONALS

* Main diagonal cross-section properlies and capacities
if prelim = True Then

Module$.brace_design
End If

I deckbaybraces = True Then
nbay = nbay + |
bayh{nbay) = bayh(0}
elevation(nbay) = elevation({)
End If

Fori=ETol
For j = 1 To nbay

.

' (d scaling for local forces on braces
I {crest - (elevation(}) - bayh(j}/ 2) < werest 2/ g) And (designed = False) And (crest - (elevation(j} - bayh(}) / 2} = 0) Then
cdmem = odj * (erest - (elevation(j) - bayh(y / 2)) / (verest * 2 g
Flse
cdmem = cdj
End If

* Now begin capacity calculations

P=1
it=1
cap(i, jy =8
capu(i, =0
jeap(lL =0
sumksq(i, D =0
Fork = 1 Te ndh(i, j)
dbatl, j, k= (360, J, k) - dbad, J k) * dbidi, ) k) * 3,14
dbri, j k3= 174 7{dbd(i, j, k)~ 2 + (dbdli, L k- 22 dba(i j, k)" ) 0.5
dbi(i, j, k) = dbr{i, K} " 2 * dba(i, . k)
dbzpi, 5, k) = 1.3 % 3.14 732 % (dbd, J, k) " 4 - (dbd(i, 1, k) - 2 * dbi(i, §, X)) " 4)/ dbd(i, . k)
dblamd, J, K) = (17 3.14) * (dbfyspecific(i. . k) / €) * 0.5 * dbkspecific(i, , k) * (dblx(i, . k) * 12)/ dbr(i, 1, X
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dbpe(i, j, k)= 3.14 7 2 % & * dbai, }, k) / (dbkspecific(i, j, k) * dblx(, j, k) * 12/ dbr(i, j, K0} * 2
by, j, k) = dbfyspecific(, 3, k) * dbadi, j, k)
If dblamdi, j, k) <2 0.5 Then
dbper(i, J, k) = (1 - 0.25 * dblam(i, j, k) * 2)
Else
dbper(i, j, k) = 1 / (dblam(i, 5, k} " 2)
End If

dbper(i, j, k) = dbper(i, §, k) * dbfyspecific(i, |, k) * dba(i, . K)
H dbd(i, 3, K) / dbt(d, }, k) <= 60 Then
dbperl(i, j, k) = dbpy(i, 1. k)
Else
dbperldi, §, k) = dbpy(i, §, ) * (1.64 - 0.23 * (dbd(i, 1, k) / dbt(i, j, k)~ 0.25)
EndIf

dbmpi, j, k) = dbzpQi, J, k) * dbfyspecific(i, |, k) / 12
If dbfyspecific(s, j, k) * dbddi, j, K} / dbiGi, j, k) < 1500 Then

dbmer(, §, k)= 1
Elself dbfyspecific(i, }, K) * dbd(i, j, k3 /dbi3, k) < 3000 Then

dbmer(i, j, k)= (1,13 - 2.58 * dbfyspecific(i,J, k) * dbd(i, j, k) / dbtCi,j, Ky / @)
Else

dbmicr(i, j, K) = (0.94 - 0.76 * dbfyspecific(i, j, k) * dbdi, J, k) / dbii, j, X}/ ©)
End If
dbmer(i, j, k) = dbmer(i, j, k) * dbmp(i, j. k)

* Main diagonal brace stiffness and capacities

b, k) = wibias * (((velocity(j) * Sin(thetaCi, j, K))) * 2 + (velocity(j + 1) * Sin(thta(i, j, k))) " 2)/ 2 * cdmem * {dbd(i,j, k) + 2 * mg(i)y/ 127 1600) *
if

dbepsOG, j, k) = dbl(i, j, k) * 12 * (dbper(i, j. k) 7 ¢/ dbi(i, |, 1)) * 0.5

Ghdeltali. . k) = Abs(Cos(3.1416 7 2 * dbperCi 1, k) dbpy(i,j K)) * dbmer(i, k) /(1 / (1 + 2 * Sin(0. * dbeps0i, j, k) / Sin(dbeps0(i j, k) * 1/ (dbe
psO(i, , k)~ 2) * (1 / Cos{dbeps0(i, |, k) / 2) - 1) * 8 ¥ dbpex(i, §, K))

dbki(i, 3, k) = & * dbai, j, k) * Cos(theta(i, §, k) ~ 2/ dBI(i. . k)

If dbtypefi, j, k) = 1 Then

Main diagonals in tension, regardless of damage condition

jpull, i, X)= Application Min(jput(dbjeinti(i, j, k), jput(dbjeinti(i, §, K))}
dbpu(L, j, k) = dbpy(t, 1, K)
dhpuhui, j, k)= dbpy(i, 1, k) * Cos(theta(i, j, K3

Elself dboond(i, §, k) =1 Then

Main diagonals, undamaged, in compression
dbpui, j, k) = dbper(i, j, k)
* Newton-Raphson iteration te find dbpu for undamaged main dia gonals

Do
Formuta = {(1 / (1 + 2 * Sin(0.5 * dbepsO(i, J, k3 / Sin{dbepsO(i, j, k) * 17 dbepsO(iL }, k)~ 2 * (1 / Cos({dbepsti, j, K3 /23~ 1) * (dbw(j, k) * dbdx(
i, 5, k)" 2 + 8 * dbpui, , k) * dbdeliags, j, K)))/ dbmer(i, j, k)} - Cos{3.1416 7 2 * dbpu(i, j, k) / dbpydi, L. k)
Formutal = (1 /(1 + 2 * Sin(0.5 * dbeps0(, j, k) / Sin(dbeps0(i, j, k))) * 1/ dbepsO, j, k) * 2 * (1/ Cos{(dbeps0(i, j; k))/ 2} - ) * (8 * dbdelta(i, §,
ko)) / dbmer(i, . K)) + 3.1416 /2 / dbpy(i, j, k) * Sin(3. 1416 /2 * dopugi, J, k) dbpy(i, 1. K3}
dbputest = dbpuli, }, K}
dbpui, §, k) = dbpu(i, J, k) - Formula / Formulal
Loop While ((Abs(dbputest - dbpuli, 1, k3} > 1} And (Abs(Formula) > 0.0001))
dbpui, }, k) = bebias * dbpui, |, k)
Elself dbcond(i, j, k) = 2 Then

]

' Buckling strengths of damaged members using Loh's equations

dbpertd(, §, k) = dbperl(i, , K) ¥ Apoplication. Max(0.45, Exp(-0.08 * ddep(i, j. k) / dmtdi, §, ki
dbmrd(, 1, k) = dbmer(i, j, k) * Application Max(0.55, Exp{-0.06 * ddepdi, j, k) / dbi(i. 1. k)
dbpe(i, ;. K) = dbpe(i, j, k) * Application Max{0.55, Exp(-0.06 * ddep(i. 5, %) / dbiCi, j, )1}
dblamd(i, §, &) = (dbperld(s, j, k) / dbpei, |, k) 7 0.3
If dblamd(i, j, k} <2 0.5 Then

dbperdO(, j, k) = (1 - 0.28 * dblamd(i, . k} " 2)* dbperid(i, 1 kY
Else

dbperdo(i, j, k) = (1 / dblamddi, j, k)~ 2) * dbperldi, j, k)
End If
dbperd(i, j, i) = dbperd0(i, 1. k)

' incrementat solution of dbperd for damaged main diagonals
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Do
Formula = 1 - dbperd(i, j, K3 7 dbperdo(, j, k) - dbperd(i, j, K3 * oos(f, j, k) / 12/ {1 - dbperd(i, |, ¥) 7 dbpe(i, j, k)3 7 dbmerd(i, |, k)
dbperd(i, j, k) = dbperd(i, 3. k) - 1

Loop While Formula <= 0

dbpui, j. k) = dbperd(i, 1. K

* Incremertal solution of dbpu for damaged main diagonais

Do
Formula = | - dbpudi, j, k) / dbperd(i, j, k) - {({(dbw(j, k3 * dblxdi, j, k3~ 27247 {1 - dbpu(i, , k) / dbpedi, 1, X))/ dbmerd(i, , kK " (2 -3 * ddepii, §, k)
fdbdli, , KN 0.5
(ﬂ)p&l{‘l, .ér k} = dbpu(x, jt k) " 1
Loop While Formula <=0
dbpu(i, j, k) = bebias * dbpu(i, ). ¥)
Else

" Buckling strengths of members using Parsanejad's equations

dbathpadi, j, k) = Application. Acos(I - 2 * ddepdi, j, k) / dbd(L, 1. k)

dbag(i, j, k) = dbd(i, j, k) 7 2/ 4 * (3.14 - dbaiphali, j, k) + 0.5 * Sin(2 * dbalphadi, j, K3

dbaur(i, §, k) = dba, J, k) + dbag(i, L k) / 7

dhes(i, j, k) = dbd(i, 3, k)7 (2 * 3.14) * (Sin(dbalphafi, }, k)) - dbalpha{i. j, k) * Cos(dbalpha(i, §, kK}))

dbegyi, j, k) = (dbd(i, §, k) * Sin{dbalpha(i, j, K))} " 3/ 12/ dbag(i, j, k)

dbetr(i, j, k) = (dbai, j, k) * dbes(i, j, k) + dbag(i, j, k) /T * dheg(l, f, k)) / dbatr(i, j, k)

dbis(i, j, k) = dbd(i, j, k)~ 3 * dbeh, §, k) /4 * ((3.14 - dbalpha(i, , X))/ 2 - Sin(2 * dbalphai, j, k)) / 4 + dbalpha(i, j, k) * (Cos{dbalpha(i, .. k) “ 2 - (8
in{dbalpha(i, j, k)) - dbalpha(i, j, k} * Cos(dbalpha(i, j, k))) ~2/3.14)

dbig(i, j, k) = dbd(i, j, k) ~ 4 7 64 * (3.14 - dbalpha(i, j. k) + Sin(4 * dbalpha(i, j, k)) / 4) - dbd(i, . k) " 4 * (Sin(dbalpha(i, j, k))) " 6 / 144 / dbag(i. j, k)

dbitr(i, j, k) = dbis(i, j, k) + dbigdi, . k) / 7 + dba(i, }, k) * (dbetr(i, . ) - dbes{i, j, k1) ~ 2 + dbag(i, j, k) / 7 * (dbeg(i, j, K} - dbete(i, . k)3 "2

dbrts(i, §, k) = (dbitr(i, §, k) / dbate(i, j, k) " 0.5

dbazir(i, j, k) = dbitr(i, j, k) / (dbddi, j, k) / 2 * Cos(dbalpha(i, J, k)) + dhes(i, j, k)) ‘check

dbaste(i, j, k) = dba(i, j, k) + 3.14 * dbd{i, j. K}~ 2/4/7

dblampdi, 1, k) = 1/ 314 * dbkspecific(i, j, k) * dblx(i. j, k) ¥ 12/ dbrtr(i, §, k) * (dbfyspecific(i, j, k) /) 0.5

dbmg, j, k) = dbatr(i, §, k) / dbastr(s, j, k)

dopu(h, j, k) =1

' Newton-Raphson iteration to find buckling strength of grout-repaired mentber
Do
dbk(i, §, k) = dbateti, |, k) * (dbetr(i, §, k) + cos(i, j, k} + dbw(j, k) * 12 * dblx(, j, k)~ 2/ 24 / dbpu(i, . k) / dbztr(i, j, k)
Formula = ((dbpu(i, j, K) / dbastr(i, j, k) / i) * 2 - {(1 + dbic(i, . k)) / (dblamp(i, J. k) * 2) + dbas(i, J, k)) * (dbpudi, j, k) / dbastrdi, j, k) / fy) + dbmii, j
LK}/ (dblampdi, j, K}~ 2)
Formutal = (2 * dbpai, 3, k) / (dbaste(i, j, k3 * fy) ~ 23 - ((1 * dbk(i. j, k)) / (dblampdi, §, k)~ 2) + dbm(i. j, k) * (1 / dbaste(i, j, K} )
dbputest = dbpudi, j, K}
dbpudi, j, k) = dbpud3, J, k) - Formuta / Formulal
Loop While ({(Abs(dbputest - dbpu(i, j, K)} > 1 And (Abs(Formula) > 0.0001)
dbpui, J, k) = bebias * dbpuli, j, k)
End If
If dbiypedi, j, k) = 2 Then jpu(i, §, k) = Application. MinGpuctdbjointi(i, 1, k)5 jpuc(dbjointii, i, KB
Nextk
Next
Next i

If deckbaybraces = True Then nbay = abay - 1

End Sub* End MAIN DIAGONALS

b b bbb b b bbb e B b g e bbb bbb b b b bbb
Sub jacket_capacity(y' Start JACKET CAPACTTY
If deckbaybraces = True Then nbay = nbay + 1

Fori=1To2
For j = 1 To nbay

mitfbrace = 1

mitfjoint = 1

For k = 1 To ndb(i, )
kbay(i, i) = Kbay{i, j) + dbki{i, j. k}
Ifjpudi, §, k) * Cos(thetadi, j, k)y / dbki(i, |, k) <= jpudi, j, mitfoint) * Cos{theta(i, j, mitffointj}/ dbkici, j, mitficint) Then mitfoint = k
I dbpudi, §, k) * Cos{thetadi, j, k) 7 dbkii, j, ky <= dbpu(i, j, mitfbrace) * Cosétheta(i, }, mitfbracey 7 dbki{i, ), mitfbrace) Then mltfbrace =k
mitf#E, =k

Nextk
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* Now jacket bay shear capacity based o

" foad in bay when first diagonal member fails (lower-bound bay capacity)

" icad in bay when all diagonal members are at their uitimate tensile or post-
! buckling strengths {upper-bound bay capacity)

' load in bay when first tubular jeint fails (joint-based bay capacity}

'$555%
mitfalpha(i, |} = dbpudi, j, mitfbrace) / dbki(i, §, mitfbrace) * Cositheta(, j, mitfbrace})
For k=t To ndb(i, j
jpubi, j, K) = jpu, j, mitfjoint) / dbki(i, j, mitfointy * dbki(i, j, k) * Cos(theta(i, j, mitfoint})
dbpuh(i, §, k) = mitfalphad, i} * dbki(i, j, k)
'$355%
' Joint-based bay capacity:
jeap(i, ) = jeapdi, j) + jpub(i, j, k)
' Lewe-bound bay capacity:
capdi, j) = capi, j) + dbpuh(i, j. k)
1f dbtype(i, j, k) = 2 Then dbpuhu(i, j, k) = bres * dbpu(i, j, k) * Cos(theta(i, j, )
' LUpper-bound bay capacity:
capu(i, j) = cape(i, j) + dbpuhui, j, k)

Sum-of-squares for reliability calculation:
sumksq(i, ) = sumksqg(i, j} + dbkidi, §, k)
Nextk
sumksql, j} = sumbksq(i, H 2

On the next line, following the "/8" should be */dbdelta(i 1), This has been disabled
due to the severe impact of dbdelta on the reliability. This is being checked for
realism.

sigmapudi, ) = {(bccov * dbpu(i, j, mltfbrace)) » 2 + (dblx(i, j, mitfbrace) ~ 2/ 8}~ 2 * (wjcov * dbw(i, mitfbrace)) ™ 2) ~ 0.5
sigmaalphai, §) = sigmapu(i, }3 / dbki(i, j, mitfbrace) * Cos(theta(i, j, mltforace))
Next j
Nexti

If deckbaybraces = True Then
nbay = nbay - 1
deckk(1) = kbay(l, nbay + 1)
deckk{2) = kbay(2, nbay + })
End if

End Sub’ End JACKET CAPACITY

L e L e B e e e

Sub deck_bay() ' Start DECK BAY

' Capacity of deck bay. Capacity is formulated based on simultaneous hinging of
' the tops and bottoms of all deck tegs. This formulation assumes the bay is unbraced.

* First determine deck leg properties
' For structures with more than 4 legs, i=1 is for comers, i=2 is for centers
Dim pp1(2), pp2(2), dta(2)
If pitype > 4 Or pltype = 1 Then
k=1
Else
k=2 'K numof deck [eg types
End If
Fori={Tok

dla(i) = (d1d(i) - ditgi)) * dligi) * Pi
digiy = Fi 7 64 * (did(i) ~ 4 - (did(iy - 2 * dliiy) ~ )
dlzp(iy = 1.3 % Pi/ 32 % (dId(i) ~ 4 - (dld(i) - 2 * dh(i)) * 43 7 dIi)
die(i) = 174 % (did(i) " 2 + (did(iy- 2 * dit(iy) " 2) " 0.5
Jmp(i) = dlzp(i) * fy / 12
if Fy * did(iy / di(®) < 1306 Then
dlmer(i) =
Elself fy ¥ did(i) / dltdiy < 3000 Then
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dimer(i) = (1.13 - 2.58 * fy * did(i} / dit(i) / )
Else
dimer(i) = (0.94 « 0.76 % fy * did() / dit(i) 7 )
End If
'$38558
dlmer() = dmerbias * dimer(i) * dlmp(i) ‘dmorbias
dlandiy = dlmer(i} * Cos(Pi/ 2 * qdeck / nleg / fy / dia(i} / dperlbias) 'dporlbias
prlQ) = dim(i) / dmerbias  'Rd wrt dmerbias
pr2(iy = dimer(i) * Sin(Pi / 2 * qdeck / nleg / fy / dia(i) / dperibias) * Pi/ 2 ¥ qdeck / nleg / fy / dia(i) / (dperibias " 2) 'Rd wrt dperlbias

' Effective rotational inertia of jacket leg / deck leg attachment point

Ifpltype = 7 Or pliype =8 Then * Caissons
ibay{i) = dli(i)
Else
ifpgrout = True Then * All others
ibay (i) = Pi/ 64 * (jld(i, 1)~ 4 - (piled(i} - 2 * pilet(il} ~ 4)
Else
ibay (B =Pi/64 * GG, I3~ 4 - (0, D -2 % (0, 1)~ 4)
End If
End if
Next i

Fori=1Ta?2 ' broadside, end-on

' Effective lateral stiffness of st jacket bay

dles(i} = kbay(i, 1)/ nleg
' Now find effective rotational stiffhess of springs at base of deck fegs

Forj=1Tok * k=2 onlyif there are more than 4 legs
If pltype = 7 Or pltype = 8 Then  * caissons
dlemi, j) = ((bayh(1} + 10 * piled(j) / 12}/ (¢ * ibay1(j) / 144) - 3 * dles(i) * (bayh(1)) " 4 / (4 * dles(@) * (bayh(1)) * 3 * ¢ * ibay1()/ 144 + 12* (¢ * iba
vig)y/144) 220 -1
Else ' all others
diemi, j) = (bayi(1) / (¢ * ibay} () / 144) - 3 * dics(i) * bayh(2) " 4/ (4 * dles(i) * bayh(1) *3 * & * ibay F(j) 7 144 + 12 % (¢ * ibayl () / 144) " 2)} " -1
End If
Next j
Nexti

* Now compuie deck bay stiffness, deck bay drift, deck bay eapacity

Ifnleg < 3 Then
Fori=1To2 ' broadside, end-on
deckk(i) = ((bayh(0} /{3 * & * dli{1}7 144} + 1/ diem(i, 1)) ~ (1)) / (bayB(0) " 2)
dummy = bayh{0)) * (bayh(0) / {3 * ¢ * dli(1}/ 144) + 1/ dlem(i, 13)
dldelta(i) = dim(1) * dummy
dlcap(i) = (nleg * dim(1} - qdeck * dideita(i}) / bayh(Q)
855858
prddmerbias(i) = 2 * nleg / bayh(0) * pp1{1) - qdeck / bayh(0) * duwmmy * ppl(1)
prddperlbias(i} = 2 * nleg/ bayh(0} * pp2{1) ~ gdeck / bayh(0) * dummy * pp2(1)
Nexti
Elself nleg = 3 Ornleg = 4 Then
Fori=1Te2 ' broadside, end-on
deckk(i) = nleg * (bavh(0) / (6 * & * dfi(1}/ 144) = § / dlemi, 1)} " (-1} / (bayh(0) " 2)
dummy = bayh(0) * (bayh(0}/ (6 ® ¢ * dhi{1}/ 144} + 1/ dlem(i. 1))
didefta(i} = dim{1} * dummy
dicap(i} = (2 * nleg * dlmg 1} - qdeck * didelta(i}) / bayh(0)
prddmerbias(iy = 2 * nleg / bayh(0} * pp1{1} - qdeck / bayh{0} * dummy * ppl(})
prddperibias(iy = 2 * nleg / bayh{0} * pp2(1} - qdeck / bayh{0} * dummy * ppl(1)
Next i
Else
Fori=1To2 ' broadside, end-on
deckk(i} =4 * ((bayh{0}/ (6 * ¢ * dli(1} / 144) + } / dhem(i, 1)) * (-1)) / {bayh(D) * 2) + (neg - 4) * ((bayh(0) / (6 * & * dli(2)/ 144} + 1/ dlem(i, 2) " (-1))/
(bayi(G) " 2)
dta{1) = dim(13 * bayh(0) * (bayh(0}/ (6 ¥ ¢ * dli(1}/ 144) + 1 / dlem(i, 1))
dta(2) = dim(2) * bayh(0) * (bayh(0) / (6 * ¢ * dli(2}/ 144) + 1 / dlemdi, 2))
i dia( 1) <= dla(3) Then
k=2
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Else
k=1
End i
didelta(i) = dtalk)
‘didelta(iy = Application Max(dlm(1) * bayh(0) * (bagh(0)/ (6 * ¢ * dli(1}/ 144) + 1/ dicm(i, 1)), dim(2) * bayh(0) * (bayh(0) / (6 * & * dli(2)/ 144) + 1/
diom(i, 233}
dicap(i) = (2% 4 * dlm(1) + 2 * (nleg - ) * dlm(2) - gdeck * didelta(i}) / bayh(0)
prddmorbias(i) = (8 * ppl{1) + 2 * (nleg - 4) * pp1(2) - qdeck * dta(k) / dim(k) * ppl (k) / bayh(0)
prddperibias¢i) = (8 * pp2(1) + 2 * (nleg - 4) * pp{T) - qdeck * dtafk) / dlm(k) * pp2(k)} / bayh(0)
Nexti
End If

End Sub’ End DECK BAY

L OSSP SRR A e S S e R B S L A S L

Sub pile_capacity() * Start PILE CAPACITY

If nleg > 4 And skirt = True Then
npiletype = 3

Elseif skirt = True Then
npiletype = 2

Elselfnteg > 4 Then
npiketype = 2

Elself pitype > 6 Then
npifetype = 2

Flse
npiletype = 1

EndIf

' First find unit soil resistances for tateral and vertical directions
.

maxpilepenetration =

maxpilediameter = 0

sumvert = 0

Fori=1To npiletype
If pilel(i) > maxpilepenstration Then maxpilepenctration = Application. Round(pifel{i), G}
If pifed(i) / 12 = maxpilediameter Then maxpilediameter = piled() / 12

Next i

i=1
i=1
soilpressure =0

Do
soilpressure = soilpressure + gammas{j}

Ifstype(i)=2 Then ' clay
' horizontal
If i < maxpilediameter * 1.5 Then
suborz{i) = 0
Elselfj = 1 Then
suhorz{i) = 9 * (sul{j) + suslope(i} * 1)
Else
suhorz(i} = 9 * {sulfj) + suslope(i) * (i - layerdepth( - 11}
EndIf
' vertical
sy = (sul{)) +su2(n /2
Hsu <0.5 Then
suvert(i) = su
Elself su > 1.5 Then
suvert{) = 0.5 *su

Else
suvert{i) = {1 ~{su-0.3)/ 2)* s
End if
Else ' sand
' horizontal
suhorz(i) = 3 * soilpressure * (Tan((45 + sphi(j3/ 2) * Pi/ 180 " 2
¢ vertical
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IFsphifj) < 20 Then
fimax = 1
Elself sphi{j) > 35 Then
fimax =2
Else
fiinax = 2 - (35 - sphi(})) * 0.06
End If
suvert(i} = Application Min(ffmax, 0.8 * soilpressure * Tan({sphi(j} - 3 * Pi/ 180%)
End If

=i+l
If i > layerdepth(j) Thenj=j+ 1

Loop While i <= maxpilepenetration

Axial and lateral capacities of foundation piles

Cross-section properties of main piles

For j = 1 Tonpiletype

1=
If npiletype = 2 And skirt = True And j = 2 Then
pilecaplat(j) = 0
pilecapeomp(j) = 0
pilecaptens(j} =0
i=j+1
End i
pitea = (piled(i) - pilet(i)) * pilet(i) * Pi
pilepy = pilea * pileyield(i)
pilezp = 1.3 * Pi / 32 * {piled(i) ~ 4 - (piled(i) - 2 * pilet(i)) * 4) / piled(i)
piler = 1/ 4 * (piled(i} ~ 2 + (piled(i) - 2 * pilet(i)} * 2) 0.5
pilemp = pilezp * pileyield(i) 7 12
If pileyield(i} * piled(i) / pilet(i) < 1500 Then
pilemer = 1
Eiself pileyield{i) * piled{i) / pilet(i} < 3000 Then
pilemcr = (1.13 - 2.38 * pileyictd(i} * piled(i} / pilet(i) / e)
Else
pilemcr = (0.94 - 0.76 * pileyield(i} * piled(i} / pilet(i) / ¢)
End if
pilemner = pilemer * pilemp
pilern = pilemcr * Cos(Pi/ 2 * qdeck / (nleg + askirt)/ pileyield(i) / pilea)
If pgrout = True Then
tegeffectivea = pilea + GlA(1, 1) -1, 1 * jk(}, DB * Pi
Else
legeffectivea = pilea
End If

First calcutate pile axial capacity

suverttotal =0

wp =0

=1

k=1

Do
If plug(i) = True Then wp = wp + gammas{iiy * Pi * {(piled(i)/ 2 - pilet(in) / 12}~ 2
suverttotal = suverttotal + suvert(k)
Ik > layerdepth(ii) Thenii =3 + 1
k=k+1

Loop While k <= pilei(i)

wp = wp + pilel(i) * steelg * Pi* ({piled(i) /27 12) "~ 2 - (piled(i} /2 - pilet(i / 12} " 2}
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If stype(ii} = 2 Then
gplug = suhorz{k - 1) * Pi * (piled(i} / 2/ 2
Else
If sphi(ii) < 20 Then
ng~=8
Elself sphi{ii} > 35 Then
iy = 40
Elself sphi(ii) > 30 Then
ng = 40 - (35 - sphi(iip * 4
Elself sphi(ii) > 23 Then
nq = 20 - (30 - sphi(ii)} * 1.6
Else
nq= 12- (25 - gphifii)) * 0.8
End if
qpi;xg = (Application.Min{nq * soilpressure, 3 ¥ ng)) * Pi* piled(i)/ 12} 2/ 4
End

If (gplug > suverttotal * Pi * {piled(i)-2* pilet(i’)/ 12) Then gplug = G

pilecapcomp(i) = gbias * ¢ Application Min(gplug + suverstotal * Pi * piled(i}/ 12, pilepy} - wp)
pilecaptens{i) = gbias * {Application. Min{suvertiolat * Pi * piled{i} / 12, pilepy) + wp)

' Now calculate pile lateral capacity

k=1
pileshear = 0
pasttip = False
Do

pileshear = pileshear + suhorz(k) * piled(i)/ 12
kk=1

pilerot = 2 * pilem/ k

Do

pilterot = pilerot + suhorz(ik} * piled(i}y/ 12 * (k- kk) / (k + scour)
kk=kk+1

Loop While kk <=k

k=k+1

Ik > pifel(i) Then
pasttip = True

End If

Loop While {(pasttip = False) And ((pilerot - pileshear} > 0))

if pasttip = True Then

pilecaplat{i) = pileshear * pubias
Else

pilecaplat(i) = pilerot * pubias
End If
' QLD CODE!
' v
' stype = 2 Then

* Now determine axial capacity of main piles if founded in clay

su = {sul +suly/2

* Ifsu < 0.5 Then

! f=su

' FElselfsu> 1.5 Then

! F=05%su

' Else

' e (1 - {su-0.5)/2) ¥ su
¢ Endif

If piug(i) = True Then
' dummy = Application. Min(9 * su2 * Pi*{piledfiy/ 12} 2/4, H*Pi* (piled(i) - 2 * pilet(iyy/ 12 * palel(i))
' Eise

' dummy =9 * su * Pi * (piled(i)/ 12} * (pHet(i)/ 1)

' End i

* pilecapoornp{i) = gbias * {Application Min{pilepy, dunmy + (f* Pi * piled(i) 7 12 - wp) * pilel(i})

* pilecaptens(i) = qbias * { Application Min{pilepy, (T * P¢ ¥ piled(i) / 12 + wp} * pilel(i})}
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Laterat capacity of main piles if founded in clay

a=9 %l *piled(i)/ 12

b=9*su2 * piled(i)/ 12

seta = (b~ 2}/ piteldi)

psi = 1.5 * piled(z} / 12 + scour

puchar = 0.5 * (27 * (piled(i)/ 12) "2 * sul) + (27 * (piled(i) / 12) * 2 * sul) ~ 2 + 144 * sul * (piled(i) / 12) * pilem) " 0.5)

Newton-Raphson iteration to find lateral capacity in clay

Do
Ifsul =su2 Then
¢ =puchar/a
Else
c=1/seta* ({a+seta* psi) + ({a + sela * psi) ~ 2 + 2 ¥ seta * pucbar} ~ 0.5)
End If
cbar =1 /{(a + sefa * psi) ~ 2 + 2 * seta * pucbar) ~ 0.5
Formula = pucbar * (¢ + psi) -2 ¢pilem-(a+seta®psi)*c”2/2-seta/2%¢”3/3
Formula] = char * (pucbar - (a +seta *psi)*c-sela/2¥c " 2) + o +sela
puchartest = puchar
puchar = pucbar - Formuia / Formulal
Loop While ({Abs{puchar - pucbartest) > 1} And {Abs(Formula} > 0.0001})
pilecaplat{i} = pubias * puchar
"Else

v
‘
i
t
v
1
¥
+
]
"
-
*
1
+
4
¢
v
v
[
1
+
1
+
+
¥

“  Axial capacity of main piles if founded in sand
If sphi < 20 Then
ng =8
Elself sphi > 35 Then
g = 40
Eiself sphi > 30 Then
nq =40 - (35 -sphi}* 4

plc = fimax / (gammas * (Tan{{sphi - 5} * Pi/ 180)))
plt = fimax / (0.7 * gammas * Tan{(sphi - 5 * Pi/ 18G))

' Eiseifsphi > 25 Then

! nq=20-(30-sphi}* 1.6

' Else

© ng=12-{25-sphi)*C.8
'OEndif

'ogqmax =5 *nq

' iFsphi < 20 Then

' fimax = |

' Elselfsphi > 35 Then

' fimax =2

' Elself sphi > 25 Then

' flmax=2-(35-sphi} * 0.06
' Ebe

' ffmax = 1.4 - {25 - sphi) * 0.08
' Endif

If pilel(t) < ple Then
! fag = 0.5 * pilel(i) ~ 2 * gamnmas * Tan{(sphi - 5} * Pi/ 180}
* Else
' fas = fimax * (pilel{i)- 0.5 * plcy * piled(i}/ 17 * P
Ead If
dummy =0
If plug(i} = True Then dumumy = Application.Min(gmax, ng * pilel{i} * gammas) * Pi * (piled(i}/ 12)~2/4
pilecapcompdi) = gbias * (Application. Min(pilepy, fas + dwmmy) - wp * pilel(i))
If pilel(i) < pit Then
dummy = 0,7 * 0.5 * pilel(i) " 2 * gammas * Tan{(sphi - 5) * Fi/ 180)
Else
dunmy = fiinax * (pileli} - 0.5 * pit)
End If

pilecaptens(i} = qbias * (Application. Min(pilepy, dummy * Pi * piled(i} / 12 + wp * pilel{Hy))
Lateral capacity of main piles if founded in sand
kp = {Tan({45 +sphi / 2;* Pi/ 18033 " 2

If scour = G Then
pushar = (2.382 * pilem ~ (2 / 3} * {gammas * piled(i}/ 12 * kp) " (1 / k})!

P T L)
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Eise
pusbar = (2387 * pilemy ~ (27 3) * (gammas * piled(f) / 12 *kp} (1 /3))

Newton-Raphson iteration to find lateral capacity in sand

Formula = pusbar - (2 * pilent 7 {scour + 6.544 * {pusbar / gammas / piled(i}/ 12/ kp)} ~ 0.5)
Formulal = | + pilem * 0.544 / (gamumas * piled(i}/ 12 * kp) * (scour + 6.544 * (pusbar / gammas / piled(z) / 12/ kpn~-13
pusbartest = pusbar
pusbar = pusbar - Formula / Formulal
Loop While ({Abs(pusbartest - pushar) > 1) And (Abs{Formula) > 0.0001))

EndIf

pilecaplat(i) = pubias * pusbar
End If

;
.
-
-
.
' De
v
'
'
'
‘
'
’

Next §

' Find conductor lateral strength

if diaconductors = () Then

k=1
pileshear =
pasttip = False

Do

pileshear = pileshear + suborz(k} * diaconductors / 12

kk =1

pilerot = 2 * mpeonductors / K

Do
pilerot = pilerot + suhorz{kk) * diaconductors / 12 * {k - kk) / (k + conductorfix + scour)
kk=kk+1

Loop While kk <=k

k=k+1

If k > penconductors Then
pasttip = True

End If

Loop While ({pasttip = False} And {(pilerot - pileshear} > 0})

If pasttip = True Then

conductorcap = pileshear * pubias
Else

conductoreap = pilerot * pubias
End if

End If

End Sub‘ End PILE CAPACITY

R R R R R B R R R R B R R R S SRR R S SR R R R R AR

Sub foundation_capacity() * Start FOUNDATION CAPACITY

¥

* Number of different tvpes of piles: horizontal

. e

If skirt = True Then
npileh(3} = nskirteo + nskirtbs + nskirtcomer
Else
npileh{3)~ 0
End If
If nleg > 4 Then
npileh{1)= 4
npileh(2) = nleg - 4
Eise
npileh(1) = nleg
npileh(2y =0
EndIf
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+

' Find horizontal capacity

pilchorzcap =0
Fori=1Te3

pilehorzcap = pilehorzeap + npilelyi) * pilecaplat(i)
Next i

If includeconductors = True Then
pilehorzcap = pifehorzeap + numeonduciors * conductorcap * groupstr
End If -

Now find pile axial capacities

Find number of center piles (pile type 2) on each face

Ifnleg =6 Then
npilebs =2
npileco =0

Elself nleg = 8 Then
npilebs = 4
npileeo =0

Elselfnleg = 12 Then
npilebs = 4
npileeo = 2

Else
npileco = 0
npilebs =0

End If

Hfnleg > 4 Then

avpilecapcomp(1) = Application Max{(pilecapcomp{1) * 4 + pilecapcomp(2} * npilebs + pilecapcomp(3) * (nskirtcorner + nskirtbs)) / {4 + npilebs + nskirtcorn
¢r + nskirtbs), 0.001)

avpilecaptens(1) = Application. Max({{pilecaptens{1} * 4 + pilecaptens{2) ¥ npilebs + pitecaptens(3) * (nskirtcorner + nskinbs)) / (4 + npilebs + nskirtcorner + it
skirths), 0.001)

avpilecapcomp(2} = Application. Max({pilecapcomp(1) * 4 + pilecapcomp(2} * npileeo + pilecapcomp(3} * (nskirtcorner + nskirteo)j / (4 + npileeo + nskirtcor
ner + nskirtea), 0.001)

avpilecaptens(2) = Application.Max((pilecaptens{1} * 4 + pilecaptens{Z) * npileeo + pilecaptens(3) * (nskirtcomer + nskirteo)) / (4 + npileco + nskirtcorner +n
skirteo), 0.001}

Fmoment{1) = bow(1}/ 2 * (2 * (pilecapcomp{1} + pilecaptens(1)) + (npilebs / 2) * (pitecapcomp(2) + pilecaptens(2)) + (nskirtcomer + nskirtbs}/ 2 * (pilecap
comp(3) + pilecaptens(3)))

Froment{Z) = bow(2) / 2 * (2 * {pilecapcomp{ 1) + pilecaptens(1)) + (npileec/ 2} * (pilecapeomp(2) + pilecaptens(2)} + (nskirtcorner + nskirteo) /2% {pilecap
comp{3) + pilecaptens(3}))
Else

avpilecapcomp( 1} = Application.Max({pilecapcomp(l) * nleg + pilecapcomp(2} * npilebs + pilecapcomp{3) * (nskirtcorner + nskirtbs)} / {nleg + npilebs + nski
ricorner + nskirths), 0.601)

avpilecaptens({ 1)} = Application Max{(pilecaptens(}} * nleg + pilecaptens{2) * npilebs + pifecaptens(3) * (nskirtcomer + nskirths)) / (nleg + npifebs + nskirtcorn
er + nskirths), 0.001)

avpilecapcomp(2) = Application. Max{{pilecapcomp(1} * nleg + pilecapcomp(2} * npilego + pilecapcomp(3) * {nskirtcorner + nskirteo)) / (nleg + npileco + nsk
irteorner + nskirteo}, 0.001)

avpilecaptens(2) = Application Max({pilecaptens(1} * nleg + pilecaptens(2) * npileso + pilecaptens(3) * (nskirtcomer + nskirteo}} / ¢nleg + npileeo + nskirtcom
er + nskirteo), 0.001)

Fivoment(1} = bew(1}/ 2 * (uleg / 2 * {pilecapcomp( 1) + pilecaptens(1)) + (npilebs / 2) * {pilecapsomp(2) + pilecaptens(2)) + (nskirtcomer + nskirths) / 2 * (pi

tecapomp(3) + pilecaptens(3))}
Fmoment{2} = bew(2} / 2 * (nleg / 2 * (pilecapcomp( ) + pilecaptens(1)) + (npileeo / 2} * (pilecapcomp(2} + pilecaptens(2)} + (nskirtcorner + nskirteo}/ 2 * {p
itecapcomp(3) + pilecaptens{3 )}
End if
End Sub
NPV ISP NN TP RS IV SRSV S PSR S S S S RS S S S SRS S SRR ARt s as

Sub foundation_stiffness(} * Start FOUNDATION STIFFNESS
Pilehead stiffhesses. Al are inkipandfi.

The lateral stiffncsses are determined by assuming the pile is a fixed-fixed beam
with fixity at the mudline and a depth of 10D below the mudiine.

¥
'
'
'
1
+
+

The vertical stiffiesses assume a base stiffness of EAZL
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' No accounting for jacket bending or vertical stiffness are taken here. This will
" be changed in future versions.

Fori=1To3
I pitel¢i) = 0 Then
piteheadkx(i} = 0
pileheadkz(i) = 0
Else
pileheadkx(i) = horizkbias * 12 * ¢ * Pi * pilet(i} * (piled(1)} / 2} "3/ 144/(10 * piled(D}/ 1233
pileheadkz(i) = axialkbias * ¢ * Pi * ({piled(i}/ 2} " 2 - (piled(i} / Z - pibet(i)} ~ 2)/ pilel(®)
End If
Next i

' Find conductor stiffness

+

If diaconductors > 0 Then conductorstiff = 12 ¥ lconductors * ¢ * 144/ (10 * diaconductors / 12 + conductorfix) * 3

If includeconductors = True Then

foundationky = numconductors * groupstiff * conductorstiff
Else

foundationkx = ¢
End If

+
* Determine foundation vertical, horizontal, and overtuming stiffness. It is assumed
' that pile-structure connections are rigid.

ifnleg > 4 Then

foundationkx = foundationkx + 4 * pilcheadkx( 1) + (nleg - 4) * pilcheadkx(2) + nskirt * pileheadkx(3)
Eise

foundationkx = foundationks + nfeg * pileheadkx(1} + nskirt * piteheadkx(3)
End If

* 1 = broadside response, 2 = end-on response

If'nfeg = 3 Then

foundationktheta( 1) = 2 * pileheadkz(}) * (bow(1}/ 2) ~ 2 + 2 * pilcheadkz(3) * {bow(1)/ 2} " 2

foundationktheta(2) = 2 * pileheadkz{1) * (bow(2) * Sin(offangle) /3) "2 + 2 # pileheadkz(3) * (bew(2) * Sin(offangle) 7 3) * 2 + pileheadkz(1) * (bew(2) * 2
* Sin{offangle) / 3) " 2 + pileheadkz(3} * (2 * bew(2) * Bin(offangle) / 33" 2
Else

foundationktheta(1} = (4 * pileheadkz(1) + npilebs * pileheadkz(2) + (nskirtbs + nskirtcomer) * pileheadkz{3)} * (bew(1)/2)" 2

foundationktheta(2} = (4 * pileheadkz(1) + npileeo * pileheadkz(2) + {nskirteo + nskirtcorner) * pileheadkz(3)) * (bow(2)/ 2) " 2 + npilebs * pileheadks(2) * (
msw/ 2} 2
End

* Find vertical stiffness
If nleg > 4 Then
kvertical = 4 * pileheadkz{1} + (nleg - 4) * pileheadkz(2) + nskirt * pileheadkz(3)
Else
kvertical = nleg * pileheadkz(1) + nskint * pileheadkz(3)
End If

EndSub'  End FOUNDATION STIFFNESS
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Sub capacity_profile() * Start CAPACITY PROFILE

' Now determine piatform horizontal loading capacity profiles, including reduction in
" first jacket bay capacity due to deck leg end moments, and increase in Jacket bay
' capacities due to batter forces.
If verticalface = True Then
batter = 1
Eise
batter = 2
End If

Fori=1Tel
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f deckbaybraces = Troe Then
theap(i, 0) = cap(i, nbay + 1)
ubcap(, 0) = capu(i, nbay + 1)
Else
theapdi, 0) = dlcap(i)
ubeap(i, 0} = dleap(i}
End If
Forj =1 To shay
I jointsoff = False Then jeap(i, }) = jeap(i, ) + batter * legfh{i,
Thcap(i, §) = cap(i, j) + batter * legfhlt, j)
ubcapdi, ) = capu(i, j) + batter * fegfh(i, J)
If§ = 1 And jointsoff = False Then jeap(i, ) = jeap(i, j) - shear(i}
Ifj = 1 Then Ibcap(i, |} = theap(t, j) - shear(i)
Ifj = 1 Then ubcap(i, j3 = ubcap(i, j} - shear(i)
Next j

¥

* Foundation
feap(i} = Application Max(pilehorzeap + batter * legih(i, nbay + 1}, 0.601)
If piletoadeomp(iy = 0 Then
rsre(i) = O
Else
rsre(i) = (avpilecapcomp(i) + extrapilecapdi}) / pileloadcomp(i)
EndIf
If pileloadtens(i) = 0 Then
rsri(iy =0
Else
rsri(i) = {avpiiccaptens(i) + extrapilecap(i)) / pileloadtens(i)
End i
Next i

' Determine capacity profile plot lines
Fori=1To2
clevbar = efevation{0}
interval = elevation(0) 7 160
k=0
Forj=1To 100
If elevbar > elevation(k + 1) Then
jeapbax(i, 1) = jeap(i, k)
Ibcapbar(i, |} = Ibeap(i, k)
ubcapbar(i, j) = ubeap(i, k)
Else
jeapbar(i, i) = jeap(i, k)
Ibeapbad(i, j} = theap(l, k + 13
ubcaphar(i, j) = ubcap{i, k + })

K=k+1
End if
elevbar = elevbar - interval
Next
Nexti

Fnd Sub’' End CAPACITY PROFILE
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This module cortains routines relevant to the calculation of hydrodynamic forces on
2 structure.

Last maodified by : Zhaohui Jin
on: May 22, 1998
Modification made for the calculation of sensitivity analysis and spatial lcading effect

Public wavetheory
Dim mbar1{2, 30}, mbar(2, 30)
Sub kinematics(} ' Start KINEMATICS

judge =0

I (pitype = 2 Or pitype = 3 Or pltype = 4) And mtpltype <> 1 Then
judge =1

Else If mipltype = 1 Then judge =2

EndIf

If DiakygShea\‘s(“OP’E‘IONS").CheékBoxes("fomestekw“).Vaiuc = x{On Then
forcesiokes = True

Else
forcestokes = False

End If

8555  load spatial effect consideration
If DialogSheets("OPTIONS").Check Boxes("Spatial"}. Value = xi0n Then

‘spatial = True
‘Else

‘spatial = False
‘End If
stk=0

Ifwdep = 0 Then wdep = 1
Ifwavp =0 Then wavp = |
If wavh = 0 Then wavh = |

If ({(wdep + sdep) / wavp " 2 > 0.1} And (wavh/wavp " 2> 0.03)) Or forcestokes = True Then
shallow = False
wavetheory = "Stokes”
Else
shallow = True
wavetheory = "Cnoidal"
End If

¥

" Find water kinematics due to wave using either stokes or cnoidal theory

.

if shallow = True Then
Module®.cnoidal
Else
Moduleg stokes
End If

' Now determine current velocity

v

Fori=1To 160
If elev(iy > crest Then
cvel(iy=0
Elself cprof = 3 Then
cveldi) = cswl
Fiself cprof = 1 Then
evel(i) = cswi « {(eswl - emdl) / erest) * (erest - elev(i}}

Eise
cvel(i) = cswi - {{cswl - cmdl) / orest ~ 23 * {crest - elev(i)y " 2
End i
evel(i) = evel(i} ¢ cb
Next i

Page 1



Module?

+

" Compute total water particle velocities

cverest = cswl * cb
vorest = wverest + cverest
Fori=1To 100
vel{i) = wevel(i} + cvel(i}
if spatial = True And judge = 1 Then
Forj=1To2 'BSorEQ
Fork=1To$ 'center orside
spvel(, k, ) = spwvel(j, k, i) + cvel(i)
Next k
Next j
End If
BESEEEDS judge=2
Next i

' Find velocities at each bay

elevbar = elevation(Q0})

interval = elevation{G} / 100

k=1

Forj=1Teo 100
velocity(k) = vel{j)
If elevbar < elevation(k) Thenk =k + 1
elevbar = elevbar - interval

Next §

velocity(nbay + 13 = vel(99)

End Sub' End KINEMATICS

Sub projecied_areas()" Start PROJECTED AREAS

‘555583

udge =0

I {pltype = 2 Or pltype = 3 Or pltype = 4) And mipitype <> | Then
' ojudge=1

‘Else If mipliype = | Then judge = 2

"End If

‘initialization
Fori=1To2
Forj=1To30
Fork=1To3
tibarea(i, j, k) = 0
dbareali, j, k) =0
Nextk
Next §
Next i

Fori=1Tol

* Horizontal brace projecied areas.
Forj=1 Tonbay + 1
dummy = 0
dummy! = 0 total vertical horizontal area
dunumy? = 0 Yotal diagonal horizontal area
For k = 1 To mhbij}
Ifi=2 Then
dummy = dummy + {(hbd(, k) + 2 * mg(j)y/ 12 * bl K3 * (Cos(hbang(j, Ky * Pi/ 1801~ 3
If spatial = True And mtpltype = 0 Then
Ifhbangi, k) > 0 And hbangdj, k) < 90 Then duramy? = dumumy? + (3bd(f, k3 + 2 * mg(i))/ 12 * hbl{j, k) * (Cos(hbang(y. k) * Pi/ 180173
dummy} = dummy - dummy2
Ifpltype = 2 Then '6-leg
bareat?, §, 1) = dummy1 / 3 + dummy2 / 2 ‘equivalent cylinder at center
hbarea(2, j, ) = dummy1 /3 + dummy2 /4 ‘equ cylinder at side
End If
If pitype = 3 Or pltype = 4 Then Bor 12 leg
hbarea(2, j, 1) = dummyl / 4 + dummy2 /3 ‘one squivatent cylinder at centet
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hbarea(2, j, 2) = dummyl / 4 + dummy2 /6 'one equ cylinder at stde
End If

*Elsetf spatial = True And miphype = 1 Then
End If

Else ‘broad side loading,
durnmy = dummy + (hbddj, k) + 2 * mg(j)) / 12 * hbIG, k) * (Sin(hbang(j, k) * Pi / 180) " 3
If spatial = True And mtpltype = 0 Then
If hbang(j, k) > 0 And hbang(j, k) < 90 Then dummy2 = dummy2 + (hbd(j, k) + 2 * mg(j)) / 12 * hbl(j, k) * (Sin(hbang(, k) * Pi/ 180)) " 3
dummy! = dummy - dummy?2
Hpltype = 2 Or pltype = 3 Then '6-leg or 8 leg
hbareag, §, 1) = dummyl / 2 + dummy2 / 2 ‘one equivalent cylinder
‘hbarea(2, , 2} = dummyl /3 + dummy2 / 4 ‘equ cylinder at side
EndIf
If pitype =3 Then "12 leg
hbarea(t, j, 1) = dummy{ / 3 + dummy2 / 2 ‘equivalent cylinder at cender
hbarea(1, j, 2} = dummyl /3 + dummy2 /4 "equ cylinder at side
End If

*Etseif spatial = True And mitpltype=1 Then

End If
End If
Nextk
hbequadi, j) = dummy

‘If mipltype = 1 Then hbequa(i, }) = hbequa(i, j) * jacnum{1} * jacnum(2)
Next j

* Main diagonal brace unit projected areas.

+

If deckbaybraces = True Then nabay = ubay + |

Forj=1Tonbay
Fork =1 Tondb(i, j)
Ifi= | Then
dbdeque(2, j, ) = ((dbd(L, j, k) + 2 * mg()y/ Sin(theta(1, . )}/ 12
dbdeque(1, j, k} = ((dbd(1, }, k) + 2 * mg()) * Sintheta(1, , k)3~ 2)/ 12

dbdequiX2, 1, k)= 0
If spatial = True And judge = 1 Then

"End If

Else
dbdequb(l, j, k) = ({dbd(2, j, k) + 2 * mg(j))/ Sin(theta(2, J K}/ 12 * (Sin{offangle) * 3 + (Cos{offangle) ~ 3} * Sintheta(2, j, K)) * 3}
dbdequi(2, j, K) = ((dbd(2. j, k) + 2 * mg())) / Sin(theta(2, j, k)))/ 12 * (Sin(Pi /2 - offangle) ~ 3 + (Cos(Pi/ 2 - offangle) ~ 3) * Sin(theta(2, j k) ™ 3)
dbdeque(2, j, k) =0
dbdeque(l, . k3= 0
End If
dummye(1, ) = dummye(1, j) + dbdeque(1, j, k)
dummiye(2, j) = dummye(2, j) + dbdeque(2, j, k)
dummyb(1, ;3 = dummyb(1, j) + dbdequb(l, j. k}
dummyb(Z, j) = dummyb(2, j) + dbdaqub(2, 1, k)
Nextk
dbdequebar(1, j) = dummye(1, j)
dbdequebar(2, j} = dummye(2, )
dbdequbbar(1, j) = dummyb(1, j)
dbsdequbbar(2, j) = dummyb(2, j)
If spatial = True And judge = i Then
Hpltype = 2 Then
dbarea(1, j, 1) = dbdequebar(l, } 7 2 + dbdequbbar(l. j}/ z
dharea(2, j, 1) = dbdequebar(2, }3/ 3 + dbdequbbar(2, j3/ 2
dbarea(2, j, 2) = dbdequebar(2, 1373 + dbdequbbar(2, )/ 4
End If
If pltype = 3 Then
dbarea(1, 3, 1) = dbdequebar(1, 1}/ 2 + dbdequbbar(l, j} / 2
dbarea(2, §, 1) = dbdequebar(2, 3}/ 4 + dbdequbbar(2, j)/ 2
dbareal?, j, 2) = dbdequebar(2, j)/ 4 + dbdequbban(2, 1)/ 6
End If
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if pltype = 4 Then
dbarea{l, j, 1) = dbdequebar(l, jj / 2 + dbdequbbar(l, )/ 3
dbareall, j, 2) = dbdequebar(1, j) / 4 + dbdequbbar(l, j}/ 3
dbasea(2, j, 1) = dbdequebar(2, j)/ 4 + dbdequbbar(2, ) / 3
dbarea(2, j, 2) = dbdequebar(2, }/ 4 + dbdequbbar(2.}}/ 6
End If

End If

Next }

If deckbaybraces = True Then nbay = nbay « |
Next i
Fori=1Tel
* Deck leg unit projected areas. Deck legs are accounted for as level(0) jacket legs.
I nleg > 4 Then
Jid(i, 0) = (4 * did(1) + (nleg - 4) * dId(2)} / nieg
Else
JHi(L, 0y = did(1)
End If
If deckbaybraces = True Then
dbdequebar(i, 0) = dbdequebar(i, nbay + 1}
dbhdequbbar(i, 0) = dbdequbbar(i, nbay + 1)

dbarea(i, 0, 1} = dbarea(i, nbay + 1, )
dbarea(i, G, 2) = dbarea(i, nbay + i, 2)

Else
dbdequebar{i, 0) =0
dbdequbbar(i, 0) = 0

dbarea(i, 0, 1) =0
dbareafi, 0, 2) = 0

* for muiti multi-teg platform, some modification here needed!
End If
Next §
If pltype = 8 Then

dbdeque(2, 1, 1) =2 * ({dbd(2, 1, 1)+ 2 * mg(1)) / Sin(theta(2, 1, 1))/ 12 * (Sin(Pi/ 3) 7 3 = (Cos(Pi/3) " 3) * Sin(theta(2, 1, 1 " 3)
dbdeque(l, 1, 1} = ((dbd(1, 1, 13+ 2 *mg(1}) * Sin(theta(l, 1. 1)) " 2)¢ 12

dbdequb(2, 1, 1) = ((dbd(l, I, 1) + 2 *mg(D) * Sintheta(1, 1, 1)) " 2)/ 12
dbdequb(l, 1, 1) =2 * ((dbd(2, I, 1) + 2 * mg(1))/ Sin(theta(2, 1, 1))}/ 12 * (Sin(Pi/ 3) " 3 = (Cos(Pi /3) " 3) * Sin(theta(2, 1, 1) " 3)

Endd if

End Sub’ End PROJECTED AREAS
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Sub deck_forces()' Start DECK FORCES

' Deck forces. Deck forces are caleulated according to APL (19933 RP 2A LRFD Section 17.
' (d is scaled according 10 its proximity to the free surface unless design conditions
' are specified.
crestbar = crest - wdep
Fori=1Te2

faerobar(i} =0

fhydrobar(i) = G

For j = 1 To ndeck

deckh(}) = ok(j} - ukip)
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decka(i, j = deckh(j) * deckw(i, p
If crestbar > ok(j) Then
If ({crestbar - ok(j) + deckd{j) / 2) < {verest * 27 ) And (designed = False) Then
cddeck = cdd(i) * (crestbar - ok(j) + deckh(}) / 2}/ {verest ~ 2/ g}
Else
cddeck = cdd(j)
End if
fhydra(i, ) = (verest ~ 2 * eddeck * decka(i, )/ 1000
fhydroh(j} = uk{j) + deckh(j) / 2
faero(i, 3= 0
faerch{j) = 0
Elself crestbar < uk(}) Then
fhydro(i, 3 =0
fhydrob]) = 0
faero(i, j} = (0.00256 * veh ~ 2 * wse(§) * decka(t, 1)) / 1000 ‘check units
faeroh(j) = uk(j) + deckh(j)/ 2
Else
If ({{crestbar - uk{j)) / 2) < (verest * 2/ g)} And {designed = False) Then
cddeck = cdd(f) * ({crestbar - uk(}))/ 2)/ (verest ~ 27 g)
Else
eddeck = cdd()
End If
fhydrodi, j} = (verest » 2 ¥ eddeck * (vrestbar - uk(j)) * deckw(i, 1)) / 1000
fhydroh()) = (uk(j) + crest - wdep}/ 2
faero(i, ) = (0.00256 * vrh ~ 2 * wse(i) ¥ (decka(i, }) - {crestbar - uk(})) ¥ deckw(i, 1))3 / 1000
facroh(]) = {ok{}) + crest - wdep) /2
End if
faerobar{i} = faerobar(i} + faero{i, |}
fhydrobar(i) = fhydrobar{f) + wdbias * fhydrodi, j)
Next §
If mipltype = | Then
faerobar(i} = faerobar(i} * jachum{1) * jacnum(2}
fhydrobar(i) = fhydrobar(i) * jacnum{1} * jacnum{2)
End If
Nexti

End Sub' End DECK FORCES

1
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Sub hydro_profile()* Start HYDRO PROFILE

' Now determine storm shear profile for plotting of shear demands on bays
judge = 0
IF (plitype = 2 Or pltype = 3 Or pltype = 4) And mipltype <> 1 Then
judge =1
Eise ITmepltype = 1 Then judge = 2
End If

i=0
elevation{0) = htotal + bayi(0}
Do
clevation(i + 1} = elevation(i} - bayh{i)
=i+l
Loop While i <= nbay
Fori=1To2
elevbar = elevation((}
interval = elevation(0) / 100
dummy = 0
‘538535588588
cumidfhydro =0
Forj =1 Tondeck
dummy = dummy + wdbias * thydro(i, }} + faera(i, §)
cumndfhydro = cumdfhydro + wibias * fhydredi, j}
Nextj
cumfli, 0) = dummy * If

If mtpltype = 1 Then cumaf(i, 03 = cumf{i, 0) * jacnum(1) * jachum{2}

cumdfhydro = cumdfhydro * If 'deck force from only hydre
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ploadwdbias(i) = cumdfhydro / wdbias
For j = 0 Tonbay 'including deck
dequdi, 3 = dbdequebar(i, 3 + dbdequbbar(i, j} + dequappij)
‘If spatial = True And judge = | Then
* spdequ(i, j, 1) = dbareafi, j, 1) 'add appetance area at center Jater
' spdequqi, §, 2) = dbarea(i, j, 2)
‘End If

judge=2

Ifnleg > 4 Then
dequi, ;) = dequ(l, 1) + 4 * GId(L )+ 2 * mg(@) /12 + (nleg - H) * GIAZ, ) + 2 * mg()) / 12
If spatial = True And judge = 1 Then
Hi=1Then
If pltype = 2 Then
spdequi, j, 1) = dbareadi, j, 1) + dequapp(j) /2 + 2 * GI&(L, j) +2 * mgG)) / 12 + GI&(2, ) + 2 * me(i) / 12
Elself pltype = 3 Then
spdequ(i, j, 1) = dbareadi, j, 1) + dequapp(j}/ 2 + 2 * (I&Z, ) + 2 * mg()) /12 + 2 * (ld(L. j) + 2 * mg(})} / 12
“ spdequ(i, , 2) = dbarcali, , 2) + 2 * Gid(L, j) + 2 * mg())/ 12+ 2 * GId(2, ) + 2 * mg(i)) / 12
Else 'l -cenier, 2 - side
spdequ(i, j, 1) = dbareai, j, 1) + dequapp() + 4 * GId(2, ) = 2 * mg()) / 12
spdequi, j, 2) = dbarea(i, }, 2) + 2 * 4L )+ 2 *mg())/ 12+ 22 (U2, 5 + 2 * mg())) /12
End If
Else
I pltype = 3 Then
spdequdi, j, 1)} = dbareadi, j, 1) + dequapp(jy / 2 + 2* (jld(2, ]) = 2 * mp(j)) / 12
spdequ(, j, 2) = dbarea(i, 1, 2) + 2 * (jl&1, ) + 2 *mg(n) / 12
Elself phtype = 4 Then
spdequ(l, j, 1) = dbareafi, j, 1) + dequapp(j)/ 2 + 3 * (Id(2, ) + 2 * mg(j)) / 12
spdequdi, j, 2) = dbareadi, |, 2} + 2 * (Id(1, j) + 2 ¥ me())/ 12 + (jlé(2, jy + 2 * mg(p) / 12
Eise
spdequd, j, 1) = dbarea(i, j, 1} + dequapp(}) + 2 * (ld(2. )) + 2 * mg(j}) / 12
spdequdi, j, 2) = dbareadi, . 23+ 2 * (&1, j) + 2 * mg(G))/ 12
End If
End If
End If
Else
dequ(i, j) = dequdi, ) + nleg * (L, H + 2 ¥ me()) /12
End if

Hmlpltype = | Then

spdequi, j, 1) = dequ(i, |
35338 no spatial effect
dequ(i, j)} = dequdi, ) * jacnumi 1} * jacnum{2)

Endif

Next §
k=0
DepthCheck = False
Forj=1 To 100
If {crest - elevbar < verest * 2/ g) And (designed = False; Then
cdmem = cdj * {crest - elevbar} / {vorest “ 2/ g}
Else
cdmem = ¢dj
End If

if elevbar > elevation(k + 1} Then
i, j) = wibias * cdmem * deqa(i, k) * interval * vel(j) ~ 2 7 1000 * If
I spatial = True And judge = I Then
Ifi= 1 Then
If pltype = 2 Or pliype = 3 Then
spfli, {) = wibias * cdmem * interval * (spdequ(i, k, 1) *spvel(i, 1, ]}~ 21 * 2/ 1000 *if 2 side cylinders
Else 'BS lcading for 12-leg, velocity 1 for side, 2 for center D1
spfli, 1) = wibias * cdmem * interval * (spdequéi, k., 1) * spvel(i, 2, 3 2 + 2 ® spdequ(i, k, 23 * spvel(i, L, j) ~ 2/ 1000 * if'2 side cylinders + 1 ce

nler
End if
Else
If pltype = 3 Or pltype =4 Then
spl(i, ) = wibias * cdment * interval ® (spdequii, k, 1) * spvei(i, Ly 2 +spdequdi, k, 2) * spvel(i, 2, )~ 23 * 27 10060 * 12 side cylinders+2 cont
er
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Else
spf{i, ) = wibias * cdmem * interval * (spdequ(i, k, 1) * spvel(i, 1, )~ 2+ 2 * spdequ(i, k, 2 * spvel(i, 2,53 " 2}/ 1000 * 12 side cylinders + § ¢
nter
End If
End If
Elself mtpltype = 1 Then
Weylnumdi) * 2 - jacrum{i) = 0 Then
center =2
Else
center = 1
End If
nn = cylnum( 1) * cylnum{2) / cylnwm(i)
For zz =  To cylsum(i}
spi{i, j) = spflL, J) + 2 * wiblas * cdmen: * interval * {nn * spdequ(i, k, 1) * spvel(i, zz.J) ~ 23/ 1000 * If
Next 2z
spfd, j) = spf, j) + center * wjbias * cdinem * interval * (an * spdequii, k, 1) * spvel(i, 1,1) "~ 2}/ 1000 * I
End If
Else

i, j) = wibias * cdmem * (dequ(i, k + 1) * interval + hbequa(i, k + 1)+ boatl{i)) ® vel(} " 2/ 1000 * if
¢, §) = wibias * cdmem * (dequ(i, k + 1) * interval + hbequati, k + 1)) * vel()) ~ 2/ 1000 * If

I mipltype = t Then f{i, j) = wibias ¥ cdmem * (dequii, k + 1) * interval + hbequa(i, k + 1} * jacoum(1} * jacrum{2)) * vel(j) 2/ 100 I

I spatial = True And judge = | Then
Ifi=1 Then

I pltype = 2 Or pltype = 3 Then
spfii, ) = wibias * cdmem * ((interval * spdequii, k + 1, 13 + hbarea(i, k + 1, 1)) * spvel(i, 1, )~ 2)* 2/ 1000 * "2 side cylinders

Else 'BS loading for 12-leg, velocity 1 for side, 2 for center 11!
spfi, j} = wibias * cdmem * ((interval * spdequii, k + 1, 1) + bbarea(i, k + 1, 1 * spvel(, 2, )~ 2 + 2 * (interval * spdequ(i, k+ 1, 23 + hbareai,

k-+ 1, 2)) * spvel(i, 1, §) ~ 2) 7 1600 * 12 side cylinders + I center
End if

Else
if pltype = 3 Or pltype = 4 Then
spf(i, J) = wiblas * cdmem * ((interval * spdequ(i, k + 1, 1} + hbareai, K + |, 1)} * gpvel(, 1,j) " 2 + (interval * spdequ(i, k + 1,2)+ hbarea(i, k +
L) *spvel(t, 2, D" 23 * 271000 1672 side cylinders+7 center
Else
spfti, [} = wibias * cdmem * {(interval * spdequ{i, k + 1, 13 + hbarea(i, k + 1, 1)) * spvel(i, 1, )~ 2 + 2 * (interval * spdequii, k + 1, 2) + hbarea(,
k+ 1,20 *spvel(i, 2, ) ~ 237 1000 ® "2 side cylinders + 1 center
End If
End If
"Elself spatial = True And judge = 2 Then
Flseif mipltype = 1 Then
IF cylnum(i} * 2 - jacauny(i} = 0 Then
center = 1
Else
center = 1
End i

nn = cylnum(1) * cylnum{2}/ cyum(i)
For 7z = 2 To cylnum(i)
spiti, §) = spfi, ) + T * wibias * cdeem * mn * (interval * spdequii, k + I, 1) + hbequa(i, k + 1)} * spvel(i, 22, )" 2/ 1000 * If
Nextzz
spfli, j3 = spili, |} + center * wibias * cdmem *qan * (interval * spdequii, k+ 1, 1) + hbequai, k + 1)) *spvel(i, 1,7}~ 271000 * He

End If

k=k+1
End I

v Add in forces on boatlanding, assuming fandings are at MWL

if clevbar <= wdep And DepthCheck = False Then
i, jy = i, ) + wibias * cdmem * boatl{i) * vel(jy ~ 2/ 1000 * If
boattanding still at crest for spatial load effect
If spatial = True Then spiti. ) = spfli, ) + wibias * cdmen boat(iy * vel() 4 2/ 1000 *1f
DepthCheck = True

End If

elev(]) = elevhar
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glevhar = elevhar - interval
if elevbar < 0 Then Exit For
cumf(i, ) = cumfli, ] - 13+ /i, j)
If spatial = True Then spcumfi, §) = spewmdli, j - 1) + spfln. )
Nextj
cumfli, 100) = cumf(i, 99)
If spatial = True Then speumi(i, 100} = speumil(i, 99}
Nexti

* Determine jackst leg forces from overturning moments, so that effective increase in
* jacket bay shear capacity from batier component can be evaluated.

Fori=1To2
Forj=1Tonbay+1
dummy = §
dummyl = ¢
Fork = 1 To ndeck
dummy = dummy + wdbias * fhydro(i, k) * (fhvdrohk) + wdep - elevation(j)) + faeroi, k) * ¢facrohi(k) + wdep - clevation(3))
53353
dummyi = dummyl + wdbias * fhydro(i, k) * (thydroh(k) + wiep - elevation(j})
Next k
mbar(i, j} = dummy * If
mbar(i, j) = dummyi * [ 'only moment from hydro
' semse vector component of teg force wrt wdbias
plfhwdbias(i, ) = mbar2{i, j) / wdbias
mbarl{i, }) = mbar{i, j} 'moment from deck hydro and azro
Next §
Forj=1 To 100
Fork=1Tonbay +1
h(j, k) = etev(j} - elevation(k}
Ifh(j, k) > 0 Then
mi, §, k) = 0, §3 * 1. k)
Else
mii, j, k) =0
End If
mbar(i, k} = mbar(i, k} + m(3, j, k) ‘overturn moment from both deck and jacke hydro plus aero
Hk > nbay Then 1at(i, k) = bow(i}
legf(i, k) = mbar(i, k) / thigh, k) Tht(,K) correct?
tegfh(i, k) = legf{i, k) * Sin(alpha(i})
Next k
Next §
Forj=1Tonbay+ 1
Hj > nbay Then Iht(i, j) = bew(i)
ptihwdbias(y, §) = plihwdbias(i, §) / Iht(i, j) * Sinalpha(i))
pifinwibias(i, Jy = (mbar(i, §) - mbarl{L, )/ thi(i, ;) * Sin{alpha(i)} / wibias
Next j
Next i

' Find capacity reduction in top jacket bay due to deck bay action.
Fori=1Tol2
if pitype = 7 Or pltype = 8 Then
dimbar(i, 1) = Abs{ Application Min({faerobar(i} + frydrobar(iy) * bavh(0) * 1.5, dim{13p
Flself deckbaybraces = Faise Then
f nleg >> 4 Then
dimbarti, 0) = Abs{ Application Min{ Application Min((fasrobar(s)  faydrobas(i))  nlog * bayh(0) * ((bayh(0) /(2 * ¢ * dii(1) / 144) « 1 / diem(i. 1))/ (ba
yh(0)/ (& * 1)/ 144) + 1/ diom, 1)), dim(1)), Application Min((Faerobar(i) + fydrobar(i)) / nleg * bayh(0) * (bayh(0) /(2 "¢ * dtiZy/ 144) + 1/ dicm(i,
23}/ (bayh(0) / (e * dli(2) / 144) + 1 / dlem{i, )Y), dm(2)))
dimbar(i, 1) = Abs{ Appiication Min{dimbar(i, 0} - (faerobar(iy + fhydrobar(i)) / nleg * bayh(0}, dim)}
Else
dimbar(i, 0) ~ Abs(Application Min((facrobar(i) + fhydrobar(i)) / nleg * bayh(0) * (bay(0)/ (2 * & * dli(1) / 144) + 1 / dlem(i, 1))/ (bayh(0) /(e * dict)
/144y + 1/ diem(i, 1)), dim{1))}
dimbar(i, 1) = Abs{ Application Min(dimbar(i, 0} - (facrobar(i) + fhydrobar(i}) / nleg * bayh{(), dim(1))}
End If
End If

If deckbaybraces = True Then
shear(i} = 0

Else
if phype = 7 Or pliype = 8 Then
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shear(i) = dimbar(i, 13/ (bayh{1} + 30}
Else
shear(i) = dimbar(i, 13/ bayh({1} * nleg
End If
End If
Next i

' Find mean hydrodynamic load for use in reliability caleulation
Fori=1To2
elevbar = elevation(Q)
interval = elevation(G)/ 100
k=0
Forj=1To 100
If elevbar < elevation(k + 1) Then
k=k+1
EndIf
meantoad(i, k) = cumf{i, §)

If spatial = True Then spmeanioad{i, k) = speumfli, }) 'meanioad considering spatial effect

'$8858 sens vector of meanioad w.r.t. wibias

ploadwibias(i, k) = {meanload(i, k) - cumf{i, 0)) / wibias

elevbar = ¢levbar - interval
Next j
meanload(i, nbay + 1) = cumfli, j - 1} "last j=101 for foundation load
If spatial = True Then spmeantoad(i, nbay + 1} = spcumfli, j - 1)
ploadwibias(i, nbay + 1) = {meanfoad(i, nbay + 1) - cumfli, 63/ wibias

Next i

' Find pile loads
Fori=1To?2 ' broadside, end-on load

* Find forces due to global overturning
I pltype = 6 Then ' Multi Jackets
zforce = 2 * mbar(i, nbay + 1}/ msw
Else
zorce =0
End If
plfiwdbias = mbar2(i, nbay + 1}/ bow(i)/ wdbias ‘axial force partial derivatives
pifiwjbias = {mbar(i, nbay + 1) - mbar 1{i, nbay + 1)) / bew() / wibias

If pitype = 5 Then
pileloadcomp(i} = Application Max({zforce + qdeck) / {nleg + nskirt} + (1/ Sin{offangle)} (i - 1) * legh(i, nbay + 1)/ (nskirtbs / 2 + nskirtcorner /3 + 1), 0)

pileacwdbias(i) = Apphication Max{{1 / Sin(offangle)} (i - 13 * pifwdbias / (nskirtbs / 2 + nskirtcorner /3 + 1), 03
pileacwibias(i) = Application.Max({1 / Sin(offangie}) " (i - 1} * plfiwjbias / {nskirtbs / 2 + nskirtcomer /3 + 1}, Q)

piletoadiens(i} = Application Max{(zforce - qdeck) / (nleg + nskist) + (1 / Sin(offangie}) ~ (i - 1) * legfii, nbay + 1}/ {nskirteo / 2 + nskirtcorner / 3 + 1}, 0y
pileatwdbias(i) = Application. Max((1 / Sin(offangle)) {i - 1) * pifwdbias / {nskirteo / 2 + nskirtcorner / 3 + 1), 0}
pileatwibias(i} = Application.Max({1 / Sin(cffangle)) " (i - 1} * plfivjbias / (nskirteo / 2 + nskirtcorner 7 3 + 13, 0)

Elself pltype = 7 Or pltype = & Then

If Abs(dimbar(i, 1) - dlm{13) <0.01 Then

pmomwdbias = mbar2(i, 2} / wdbias moment wit wdbias
pmotwibias = (mbar(i, 2) - mbar1{i, 2)} / wibias
Else

pmomwdbias = mbar2(i, 2} / wdbiss + fhydrobar(i} * bayB{ 0y * 1.5/ wdbias / 3
pmomwibias = (mbar(i, 2) - mbarl(i, 2)}/ wibias
End If

If pltype = 8 Then
qdeck = gdeck + 3 * pretension * Sin(theta¢l, 1, IN "2
pileloadcomp{i) = Application Max({zforee + qdeck) + (mbar(i, 7) + dlmbar(i, 1373}/ bew(ty, &)
pileloadtens{i} = Appiication Max((zforce) + {mbar(i, 2 + dimbar(i, 1)/ 337 bowii}, )

Else
Ifdbtype(t, I, 1) = | Then
piletoadcomp(i) = Application. Max{(zforce + qdeck) + (mbar(i, 2y + dimbar(i, 13/ 3) / bew{i), 0}
pileloadtens(i) = Application Max({zforce) + {mbar(i, 2) + dhnbar(i, 1)/ 3) / bow(i}, 3}
Eise
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pilsloadcomp(i) = Application. Max({zforce} + (mbarti, 2) + dimbas(i, 13/ 3) / bew(i), 0
pileloadtens{i) = Application. Max{(zforce - gdeck) + (mbar(i, 2) + dimbar(i, 1)/ 3)/ bew(i}, 0}

End If
End If

pileacwdbias(i} = Application. Max(pmomwdbias / bew(i}, 0)

pileacwjbias(i} = Application Max(pmomwjbias / bow(iy, 3)

pileatwdbias(i) = pileacwdbias

pileatwjbias(i) = pileacwibias  ‘partial derivatives all the same for ail the cases

Else
Ifi=2Then

pileloadeomp(i) = Application Max({zforce + qdeck) / (nieg + nskirt) + legfli, nbay + 1)/ ({nskirteo + pskincorner) / 2 + 2 + npileeo 7 23, 0)
pileacwdbias(i) = Application Max{plfivdbias / {(nskirteo + nskirtcomer) /2 +2 + npileeo / 2), 0)
pileacwibias(i) = Application. Max(plfwjbias / ({nskirteo + nskirtcorner) / 2 + 2 + npileco / 2}, 0}

piletoadiens(i) = Application Max({zforee - qdeck) / (nleg + nskirt} + tegfi, nbay + 1) / ({nskirteo + nskirtcomer) / 2 + 2 + npileeo / 2), 0)
pileatwdbias(i) = Application. Max(plfiwdbias / {(nskirteo + nskirtcomer)/ 2 + 2+ npileco / 2), 0}
pileatwibias(iy = Application. Max(plfwjbias / ({askirteo + nskirtcorner) / 2 + 2 + npileco / 2), 0)

Else

piteloadcomp(i) = Application Max{(zforce + qdeck) / {aleg + nskirt) + legfly, nbay + 1}/ ((nskirtbs + nskirlcomer} /2 + 2+ npifebs / 2}, 0)

piteacwdbias(i} = Application. Max({pifvdbias / {{nskirtbs + nskirtcomer) /2 + 2 + npilebs / 2), 0}
pileacwjbias(i) = Application. Max(plfiwibias / {{nskiribs + nskiricorner) {2+ 2 +npilebs / 2),0)

pileloadtens(i) = Application. Max((zforce - qdeck) 7 {nleg + nskirt) + legfli, nbay + 1}/ ({nskirtbs + nskirtcorner) /2 + 2 npilebs / 2), 0)
piteatwdbias(i} = Application. Max(plfwdbias / {{nskirtbs + nskirfcomer) £ 2 + 2 + npilebs / 2), 0}
piteatwjbias(i) = Application. Max(pifwjbias / {(nskirtbs + nskirtcormer) /2 + 2 + npilebs / 2), )

End If
End If
Nexti

* Find cov for use in relinbility calculation
Fori=1Tol
dummy =0
For j = 1 Tondeck
dummy = dunwmy + wdbias * frydro(i, 1)
Next §
For j = 0 To nbay
If dummy = 0 Then
covload(i, J) = wicov
Else
covload(i, j) = (wdoov ~ 2 + wjcov ~2) ~ 0.5
End If
Next
Nexti

£nd Sub' End HYDRO PROFILE

'Sub stormiable()

: Tabular Qutput for Storm Parameters

Worksheats("Sheat 5).Cells(1, 2) = "QURGE, WIND, WAVE AND CURRENT"

Worksheets("Sheet5").Cells(3, 2) = "Surge / Tide Level (A"
Worksheets("Sheet5}.Cells(5, 2) = "W ind Velocity, 30 & Elevation {mph}"
Worksheets("Sheets™).Cells(7, 2) = "Wave Height {f)"
Worksheets{"Sheet5").Cells(7, 8) = "Wave Kinematic Theory Used: " & wavstheory
Worksheets("Sheet$).Cellg(8, 2) = "Wave Period {secy”
Worksheets("Sheet$*).Cells( 18, 23 = "Current V) elocity, SWL (fps)*
Warksheets("Shet5").Cells(11, 2) = "Canrrent Velocity, Mudline {fps)”
Worksheets{"Sheet5").Cells{12, 2) = "Current Velocity Profile”
Worksheets{"Sheet 5"}.Celis(3, 6) = sdep

Worksheets("Sheet5™).Cells(3, 6) = vk

Worksheets{"Sheet5").Cells(7, 6) = wavh

Worksheets("Sheet$").Cells(8, €) = wavp

Worksheets("Sheet5").Cells(10, 6) = cswl

Worksheets("Sheet5).Cells(11, 6} = emdl
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If omdl = 0 And cswil = 0§ Then
Worksheets("Sheet$").Cells(12, 6) = "No Current”
Elself cprof = 1 Then
Workshests("Sheet5").Cells{12, 6) = "Linzar"
Etsalf cprof = 2 Then
Workshests({"Sheet3").Cells{ 12, 6) = "Quadratic”
Elself cprof = 3 Then
Worksheets{"Sheet5").Cells(12, 6) = "Constant™
End If

Worksheets{"Sheet5").Cells(1 4, 2} = "LOAD FACTORS AND FORCE COEFFICIENTS"

Worksheets("Sheet5").Cells(16, 2} = "Globai Load Factor”
Workshests("Sheet5*).Cells(16, 6} = If

Worksheets("Sheet5™).Celis(1 8, 2} = "Water Kinematics:®
Worksheets("Sheet5").Cells(19, 2) = *  Current Blockage, Cb (EQY"
Worksheets("Sheet57).Cells(20, 2) == Current Blockage, Cb (BS)"
Worksheets("Sheet5").Cells(21, 2) =" Directional Spreading, wki*
Worksheets("Sheet5™).Cells(19, 6) = cheo
Worksheets("Sheet5").Celis(20, 6) = cbbs
Worksheets("Sheet571.Cells(21, 6) = ds

Worksheets("Sheet5™).Cells(23, 2) = "Hydrodynamic Drag Coefficients, Cd:”
Worksheets("Sheet5).Celis(24, 2) =" All Members and Appurtenances™
Worksheets("Sheet57).Calls(24, 6) = ¢dj

Fori=1 To mndeck
Worksheets("Sheet5™).Celis(24 +1,2) =" Deck " &}
Worksheats("Sheet5").Ceils(24 + L, 6) = odd(i}
Worksheets("Sheet5").Celis(24 + i + 2 + ndeck, 2y ="  Deck " &i
Worksheets("Sheet5").Celis(24 + 1 + 2 + ndeck, 6) = wso{i}

Nexti

Worksheets("Sheet3").Cells(24 + ndeck + 2, 2) = "Wind Speed Coefhiciens, Cs”

End Sub
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CNOIDAL WAVE KINEMATICS

Created by: Zhachui Jin
Created on: 3/31/98

The subroutine and supporting functions in this module determine water
particle horizontal velocities under the wave crest using enoidal wave

theory.

Last modified by: James Stear
Last modified on:  3/31/97

Nature of Jast modification:

Adapted program into TOPCAT program.

Dim (2, 5}
Sub enoidal(}

judge =0

if (pltype = 2 Or pltype = 3 Or pltype = 4) And mipltype <> | Then
judge =1

Else If mipltype = 1 Then judge = 2

End If

depth = sdep + wdep
eps = wavh / depth
ki = solve_ki(wavh, depth, wavp, eps)

Ifki = -1 Then
MsgBox “Cnoidal theory does not converge. Check wave parameiers.”
Workbooks{ 1).Sheets{ 1 ). Activaie
End
Else
eta0 = EOCkiy / KOki)
hdep = depth * {1 - eps * h_1{ki, etaDy - eps " 2 %8 _2(ki, etad)) ‘trough depth
End if

cncelerity = Sqr(g * depth) * (1 +eps™* ¢_I(ki, e1a0) +eps " 2% ¢_2(ki, e1a0)}
wn =2 * P/ encelerity / wavp  'wave number

en2 = an_2(0, ki, etad)
end = on_4(0, ki, etad)

crest = hdep + wavh
wyerest = H_veloeity(wavh, depths, G, ki, eta0, eps, crest, hdep, (2, cad) * ds

Fori=1To 100
ifelev(i) > crest Then
wvel(i} =0
Else
wvel(i} = H_velocity(wavh, depth, 0, ki, eta0, eps, elev(i), hdep, cnZ, end}* ds
End if
Nexti

Fori=1To?2 ‘initialization not dispensible
Forj=1ToS$
Fork=1To 100
spwvel(i, j, k}=0
Nextk
Next j
Next i

If spatial = True And judge = 1 Then
IFpitype = 2 Then
ql =i/ Pi*wa* (how(1)/2 +1ew{l)/ 43 'BS side cylinder
g2 =ki/Pi®wn* (bow(2) + tew(2))/ 4 'O side cylinder
suretew(1, 1) = sur(eps, ki, etal, ql, depth) 'surface elevation

Page 1



Module8

surelev(2, 2) = sur(eps, ki, etal, q2, depth) 'TO side

surelev(2, 13 = sur(eps, ki, etaG, 0, depth} 'EO center

Forj=1To 100
spwvel(1, 1, ) = H_velocity(wavh, depth, g1, ki, eta0, ¢ps, elev(j), hdep, on2, cnd) * ds 'BS side
spwvel(2, 1, jy = H_velocity(wavh, depth, 0, ki, etal), eps, alev{j), hdep, &2, end) * ds 'EQ center
spwvel(2, 2, j) = H_velocity(wavh, depth, 2, ki, eta0, eps, elev(j), hdep, en2, cnd) * ds ‘FO side

Next j

Else

ql =ki/Pi* wn* (bew(1}/ 2 + ww(1)/ 4) 'BS side cylinder

qZ = ki/ Pi* wn * (bow(2) + 1ew(2)} / 4 'O side cylinder

@=ki/Pi*wn*mew/2 EO center cylinder

surelev(1, 1) = sur(eps, ki, eta0, ql, depth} 'surface elevation: BS side

If pitype = 4 Then surelev({1, 2) = sur(eps, ki, etal, 0, depth) 'BS center

surelev(2, 1) = surfeps, ki, etaC, g3, depth) 'EO center

surelev(2, 2) = sur{eps, ki, eta0, g2, depth} ‘EQ side

Forj=1To 100
spwvel(l, 1, j) = H_velocity(wavh, depth, g1, ki, etal, eps, elev(j), hdep, cn2, end) * ds
If pltype = 4 Then spwvel(1, 2, j) = H_velocity(wavh, depth. 0, ki, eta, eps, elev(j), hdep, en2, cnd) * ds 'BS center
spwvel(2, 1, j) = H_velocity(wavh, depth, g3, ki, ota0, eps, elev(j), hdep, en2, cud) * ds ‘RO center
spwvel(2, 2, j) = H_velocity(wavh, depth, g2, ki, eta0, eps, elev(j), hdep, en2, cnd) * ds

Next §

End If

Elself spatial = True And judge = 2 Then

Fori=1To2
For j = I To cylnum(i)
If cylnum(i} * 2 - jacnum(i} = G Then
q(i, i) = G - 0.5) * totien(i) / jacnumdi) * ki / Pi ¥ wn
Else
q(i, 1) = ¢ - 1) * totlen(i} / jacoum(i) * ki/ Pi * wn
End If
‘o=
‘end=
Fork=1To 100
spwvel(i, j, k) = H_velocity(wavh, depth, q(i, i), ki, eta0, eps, elfev(k), hdep, cn2, cnd) * ds
Nextk
Next }
Next i

EndIf

End Sub

'£383588
Function sur(eps, ki, elal, g, d)

en2 = en_2(g, ki, ¢taly

hi = h_lki, eta0)

h2 = h_2(ki, eta0})

sur=eps *{cn2 -h1)-epe "2 *(0.75 *en2 * {1 -en2) + h2)
sur = sur * d

End Function

Function solve_ki(j

Function solve_ki(hh, dd, 1t, eps}

Dim ki(3), viu(3)

Ki(1) = 0.0060001
Ki(3) = 0.9999999
viu{1) = equ(hh, 44, tt, ki(1}, eps)
viu(3) = equihh, dd, tt, ki(3), eps)

I viu(1) = 0 Then solve_ki =ki(1)
I viu(3) = 0 Then solve_ki = ki(3)
Ifviu(1 * viun(3) > 0 Then

solve_ki=-1

Else

ki(2)=0.5
dx = (kig3} - ki(1)}/ 2
viu{2) = equ(hh, dd, tt, ki(Z}, eps}
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Do
dx=dx/2
fviu{2y =0 Then
solve_ki=ki{2}
Elself viu(l) * viu(2) > ¢ Thea
ki(1y=ki(2)
ki) =ki{1) + dx
Else
ki(3) =ki(2)
ki(2) = ki{l) + dx
End If
viu{1) = equihh, dd, 1, ki{l1), eps)
viug2) = equihh, dd, 1, ki(2), eps)
viu(3) = equbh, dd, , Ki(3), eps)
Loop Until Abs(dx) <= 0.00001
solve_ki =ki(2)
End If
End Function

* Function EOQ)
Function EG(k1)

dx=Pi/2/100/3

EO = dx * (Sqr(1 -ki "~ 2 *(Sin{0)) *2) + Sqr(]l - ki " 2* (Sin{Pi/ 2 " 20

Fori=1To 99 Swp2
EO=EO+4*ds* Sqr{l -ki "2 *(Sin(i/ 100*Pi/2)"2)

Next i

Fori=2To98 Step 2
EQ=E0+2*dx*Sqr{l-ki"2*{Sin{i/100%Pi/2)"2)

Nexti

End Function
* Function Kocki)
Function KO{ki)
dx=Pi/2/1000/3
KO = dx * €1/ Sqr(] - ki ~2* (Sin(0)) ~ 2) + 1/ Sqe(t - ki * 2 * (SindPi/ )} " 20
Fori=1To999 Step 2
KO = KO+ 4% dx/Sqr(1-ki "2 * (Sin(i / 1000 * Pi/2) " 2)
Nexti
Fori=2 To 998 Step 2
KO=KO+2*dx/Sgr{l-ki"2*(Sin(i/ 1006 * P/ 23" 2)
Next i
Fnd Function
' Funclion¢_1{)
Function ¢_1(ki, etaQ)

kiz=1-ki"2
¢ 1= (2-kin2-3%eal)/ ki~ 2/2

End Function
' Function¢_2(}
Function ¢_2(ki, etal))

kiz=1-ki"2
c__zw(‘S'em{)*{lﬁ’eiaO‘-i‘)"‘ki”l-:ig}‘18*ki"4-88‘ki2):’1205§;i"4
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End Function

)

: Function [_E()

Function 1_1{ki, ¢ta0)
[i=(12%etad+S$*ki"2- 1B/ §/ k2
End Function

v

' Function equ()
Funetion equ(hh, dd, 11, ki, eps)

elad) = FOCki) f KOki)

aa=dd/g/a"2

bb=3*eps/(16* ki ~2* (KON ")

co=({} +eps * ¢_I(ki, ctal) +eps "2 * c_2Z(ki. eta0y) 7 {1 - eps * 1_1(ki, etaly) " 2
equ = aa - bb ¥ c¢

End Function

' Function cn_20)

Function cn_2(qq, ki, 2ta0)

Kiz=1-ki"2
i=1
kk1 = KOgki)

kk2 = KO(Abs(Sqr(ki2))

r=Exp(-1* Pi *kk2/kkl)}

en_2=(etal - ki2) /K "2

Do
aa=2*Pi~2 ki 2 kI A2 G (L -r (20 * Cos(§ * g * Pi/kkl)
¢n 2=cn_l+aa
j=i+1

Loop Until Abs(aa) < 0.00001

End Function

* Function cn_40)
Function cn_4{qq, ki, eta0)
en_4=(en_2(qq, ki, eta0d)} " 2

End Function

" Function h_I(ki,cta0}

Function h_1{ki, etal)

KiZ=1-ki"2
h_ = {etal - ki2) / ki "2

Ead Function

' Function f_i(kietal)
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Function £_1¢ki, etal}

kiZ=1-ki"2
fl=(-I*ctal*(6*el+il1*ki"2- 6y +ki2* (¥ kin2-100/12/ k"4

End Function

'

* Function {_2(ki,eta®)
Funetion {_2(ki, eta0)
£2~(2%ctad+ T ki "2-6)/4/ki"2

End Function

+

' Funcation H_velocity()

Function H_velocity(hh, dd, qq, ki, etal, eps, ss, b1, en2, end)
*hl is the trough depth, hh is the wave height

If ss > hh + hi Then 'ss is the balance position, but current elev(i) meihod is not commeet, so use old method temporily
H velocity =4
Exit Function

End If

‘en = on_2(qq, ki, etal)

‘end = cn_Haq, ki, etal)

kiz=1-ki"2

aa = ¢n2 - h_k{ki, eta)

bb = £_1(ki, eta0) + £_2(ki, etal}* cn2 - ond
ccm=3/a/kin2 (ss /)~ 2 (kiZ+ 2% {2*Ki"2- D *en2 -3 ki 2% omd)
H_velocity = Sqrig * dd) * (eps *aa +eps " 2 ¥ (bb - cc))

End Function

' Functionh_2(}

Function h_2(ki, eta0)

kiz=1-ki"2
h Z={eal*(ki"2-2}+2%ki2)7/4/ki"4

End Function

Subroutine stokes

theory. Program currentiy makes use of values supplied by Sheetd, a spreadsheet
developed by Darren Preston (1993 UCB NAOE).

' Dietermination of water wave particle kinematics using Stokes' Sth-order
* Use Sheetd to estimate wave number k and lambxda from Stokes' Sth-order theory.
4

Sub stokes() ' Start STOKES

Worksheets(4).Cells(8, 1) = wdep + sdep

Worksheets(4).Cells(8, 3} = wavp

Worksheets{4).Cells(8, 4) = wavh

Worksheets(4).Cells{14, 1} = 0

Worksheets(4).Calculate

Worksheets(4).Cells{ 1 1, 73.GoalSeek goal:=0, changingCell:=Waorksheets{4) Celis(8, 6}
Worksheets(4).Celis{ 14, 7). GoalSeek goali=Q, changingCell:=Worksheets(4).Celis(14, 1}
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depth = wiep + sdep

* First find k, using relationship established by Ferton (1985); thesis eqn 3.14

wavek = 0.00001
deltak = 0.01
zeroedl = False
Do
s_st= 1/ Application.Cosh{2 * wavek * depth)
€0_st = Sqr{ Application. Tanh(wavek ¥ depth}}
C2st=CO st*(2+7*s ")/ (4% (1-5 s} 3}
CA st=CO t*{4+32%5 ot-116%5 st"2-400 s st"3-71 %5 st" 4+ 146 %5 st"5)/32/(1-s )" 3

zero_oull = 100000 * ({wavek © wavh/ 2} 2 * C2_st + {wavek * wavh/2)~ 4% C4_st + {Application Tanh{wavek * depth)} ~ 0.5 -2 * Pi / wavp /(g * wav
ek) N 6.5}

ifzero_outl > 0 Then

wavek = wavek - deltak

deltak = dejtak /2

If deltak < 0.000600001 Then zeroed] = True
End If

wavek = wavek + deltak

Loop While zeroed! = Failse

v

* Now solve for lambda_st, using the relation from Skjelbreia and Hendrickson (1961)

heos = Application. Cosh{wavek * depth)
hsin = Application Sinh{wavek * depth)

Cliambda = (8 *heos “4-8*hcos "2+ 9}/ 8/ hsin " 4
CZiambda = {3840 * heos ~ 12 - 4096 * heos © 16 <2592 * heos ~ 8 - 1008 * heos ~ & + 5944 *heos "4 - 1830 * heos "2 + 1473/ 512 /hsin ™ 10 /{6 *heos * 2
-1

lambda st =1
* deltast = 0.000001

{1-4*Pi"2/g/wavp "2/ wavek/ Application. Tanh(wavek * depth)) > 0 Then
MsgBox "Wave kinematics sotution will not converge. Try crotdal theory.”
Workbooks( 1).Sheets({1). Activate
End

End If

Do

part] = 1 + Cllambda * fambda st "2 + C2ambda * famibda st~ 4-4*Pi”2/g/ wavp " 2/ wavek / Application. Tanh({wavek * depih)
part2 = 2 * Cllambda * lambda_st + 4 * CZlambda * tambda_st " 3

t Ifzero_out? >0 Then

' Iambda_st = lambda_st - deltast

* deltast = deltast/ 2

! If deltast < 0.000001 Then zevoed2 = True
‘ EndIf

' lambda_st = lambda_st + deltast

lambxia_test = lambda_st
jambda_st = lambda_st - part/ part2

¢ Loop While zeroed2 = False
Loop While Abs(lambda_test - Tanbda_st) > 0.00001

* stk = Worksheets(4).Cells(8, 6)
' stlambda = Worksheets{(4).Cells(14, 1)
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stk = wavek
stlambda = lambda_st

stkd = stk * (wdep + sdep)
sts = { Application.Cosh{2 * stkd)) " (-1}
stel) = {Application. Tank(stkd)) * 0.5
st = (ste0 * (24 T*ats ~ 2/ (4% (1 -s5ts) " 2)
s:c4$(st00*(4w'~32'sts-lié's!s"Z--iﬂO'sts":&-?l Fush 4 46 sts N SNIB2 (-5 5
steosh = Application Cosh(stikd)
stsinh = Application. Sinh{stkd)
ol = (8 *stcosh ~ 4 - 8 * sicosh ~ 2+ 9) /(8 * stsinh * 4)
c22(3846‘s1cash"12—4096'stcosh"10»2592'stcosh"8-IGOS‘stcosh"6+S9¢4*stcosh"4-ISSG‘stcesh’“2+ 147y /{512 * stsinh " 10 * (6 * sic
osh™2-1%)
all=1/sisinh
al3 =-{stcosh ~2* (5 *stcosh "2+ 1))/ (B*stsigh ™ 5)
al5 = {1184 * stcosh * 10 - 1440 * stcosh "~ 8 - 1992 * steosh ~ 6 + 2641 * steosh ~ 4 - 249 * stoosh * 2 + 1R) /(1536 *stsinh " 1 1)
a22=3 /(8 *stsich " 4)
#24 = (192 * goosh * 8 - 424 * stoosh ~ 6 - 312 * steosh ~ 4 + 480 * steash ~ 2 - 173 /(768 * stsinh " 10)
433 = (13- 4 ¥ steosh ~ 2)/ {64 * stsinh ~ 7)
a3% = (512 * stcosh ~ §2 + 4224 * steosh ~ 10 - 6800 * ctcosh * 8 - 12808 * stcosh ~ 6 + 16704 * steush ™ 4 - 3154 * steosh ™ 2 = 187/ (4096 * stsinh ~ 13 * {6
*steosh " 2- 1))
ad4 = (80 * stoosh ~ 6 - 816 * steosh ~ 4 + 1338 * steash * 2 - 1973/ (1536 * stsinh ~ 10 * (6 *steesh 72 - 1))
255 = (2880 * stcosh * 10 - 72480 * steosh © 8 + 324000 * ctcosh ~ & . 437000 * stcosh ~ § + 153470 * steosh 2 - 16243) / (61440 *stsink 11 * (6 * steosh ”
2-1)* (8 *stcosh ~ 4 - 11 * steosh ~ 2+ 3))
b22 = {2 * stoosh * 2 + 1) * stcosh / (4 * stsinh * 3)
b24 = stcosh * {272 * stcosh © € - 504 * stcosh * 6 - 192 * sicosh ” 4 + 322 * stcosh 2 + 2137 (384 * stsinh " 9)
b33 =3 * (8 *stcosh "6 + 1)/ {64 * stsinh ~ 6}
B35 = (84128 *steosh ~ 14 - 208224 * icosh 7 12 + 70848 ™ stcosh * 10 + 54000 * steosh ~ 8 - 21816 * stcosh ™ 6 + 6264 * steosh 4 - 54 % steosh ~ 2 - 81)7(
12288 * stsinh * 12 * {6 * stcosh " 2 - 1)}
ba4 = stcosh * (768 * stcosh © 10 - 448 * stcosh ~ 8 - 48 * stoosh 7 6 + 4% * stcosh ~ 4 + 106 * stoosh 2 - 21}/ {384 * stsinh 9 * (6 *stoash * 2 - 1))
b85S = (192000 * stoosh 16 - 262720 * stcosh ” 14 + €3680 * stcosh ~ 12 + 20160 * sicosh ~ 10 - 7280 * stcosh ~ 8 + 7160 * stcosh 6 - 1800 * stcosh " 4 - 10
50 * stcosh ~ 2 + 225}/ (12288 * stsink ™ 10 * (6 * stcosh 2 - 1)* (8 *stcosh ” 4 - 1§ *steosh ~ 2 +3)}
phi(1) = stlambda *ail + stlanibda ~ 3 * al3 + stlambda ~ 5 * al5
phi(2) = stlambda ~2* 222 + stlambda ~ 4 * a24
phi(3) = stlambda ~ 3 * 533 + stlambda " 5 * 233
phi(4) = stlambda ~ 4 * a44
phi(5) = stlambda ~ 5 * a55
eta{l) = stlambda
eta(2) = stlambda ~ 2 * 522 + stlambda ~ 4 * b24
eta{3) = stlambda 3 * b33 + stlambda " 5 * 533
eta(4) = stlambuda ~ 4 * bdd
eta(5) = stlambda ~ 5 * b33
celerity = (g * (wdep + sdep) * Application. Tanh(stkd} / stkd * (1 + stlambda ~ 7 * ¢} + stlarbda ~ 4 * ¢2)} 7 0.5
dummy = 0
Fori=1Te35
dummy = dummy + eta(i)
Next i
crest = dummy / stk + wdep + sdep
Fori=1Te 100
wvel{i} = 0 ‘initialize
Nexti
wverest = {0
Fori=1ToS$
wvorest = wvcrest + 1 ® Application.Cosh{i * crest * stk) * phi(i)
Forj=1To 100
if elev(}) > crest Then
wel(i) =0
Else
wvel{jy = wvel(j} + 1 * Application.Cosh(i * elev(j} * stk) * phi(i)
End If
Next j
Nemti
wverest = celerity * wverest * ds
Forj=1To 100
wvel(j) = celerity * wvel(j) * ds
Next

Fori=1To2 ‘initialization not dispensible
Forj=1To5
Fork =1 To 100
spwveli, j, Ky =0
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Nextk
Next }
Nexti

Tf spatial * True And mipltype =0 Then
If pitype =2 Then
phsanglel = (bew(1) +lowllyy/ 4 * sk
phsangle? = (bow(2) + 10w(23}/ 4 * stk
surelev(l, 13— St_Sur(sk, phsanglel)
surelev(2, 1) = St_Sur(stk, phsangle)
Fori=1Te 100
If elev(j) > crest Then 'need modification here
spwvel(1, 1,1)=0 'BS side
spwvel{2, 1, 1) = 0 'EQ center
spwvel(2, 2,1) = 0 ‘EO side
Else
spwvel(1, 1, iy = St_Vel(stk, phsanglel, celerity, elev(i)} * ds
spwvel(2, 1, i) =8t _Vei(stk, G, celerity, efev(i)) * ds  ‘center
spwvel(Z, 2, 1) = St_Vel(stic, phsangle2, celerity, elev(i)) * ds ‘stde
End If
Nexti
Else
phsanglel = (bew(1) + cw(1)}/ 4 * stk
phsangle2 = (bew(2) + 1ow(2)} /4 %5tk
phsangled = msw / 2 * stk
surelev(l, 1) = St_Sur(stk, phsanglel} 'BS side
If pltype = 4 Then surelev(i, 2y = 8t_Sur(stk, 0)
surelev(2, 2) = St_Sur(stk, phsangle) EO side
surelev(l, 1) = St_Sur(stk, phsangled) *EQ center
Fori=1To 100
I elev(j) > crest Then ‘need modification here
spwvel(1, 1,1} =0 ‘BS side
spwvel(1,2,1) =0
spwvel(2, I, i} = 0 'TO center
spwvel(2, 2, 1y = ¢ "EO side
Else
spwvel(l, 1, i) = 81_Vel(stk, phsanglel, celerity, elev(i)} * ds 'BS side
pltype = 4 Then spweel(l, 2, i} = St_Vel(stk, G, celerity, elew(i)) * ds 'BS center
spwvel(2, I, ) = 5t_Vel{stk, phsangle3, celerity, etev(i)) * ds ‘'center
spwvel(2, 2, i) = St_Vel(stk, phsangleZ, celerity, eleviiy) * ds ‘side
End If
Nexti

End If

Elself spatial = True And stphtype = | Then
Fori=1Tel
For j = 1 To cylnum(i)
If cylnum(f) * 2 - jacnum(i) = 0 Then
q(i, )} = G - 6.5) * totlen(i) / facnum(i) * stk
Else
gi, )= (3 - D) * totlen(i) / jacnum{i} * stk
End If
Fork=1To 100
1F elev(k) = crest Then
spwvei(i, j, k)= 0
Else
spwvel(l, j, k)= S Vel(stk, gfi, j), celerity, efevik)) * ds
End If
Mextk
Nextj
Nexti
End If

Fnd Sub' End STOKES

Function §t_Sur(stk, phsangle)
stk = 0 Then Exit Function

dummy =0

Fori=1ToS5 *sta(i}y public variables
durnmy = dummy + eta{i} * Cos(i * phsangle)

Mexti
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St_Sur = dummy / stk
End Function

Function §t_Vel(stk, phsangle, ¢, s}
dummy =0
Fori=1To3
dusmmy = dupy + i * phi(i) * Application.Cosh(i * stk *s) * Cos(i * phsangle)
Next i
8t Vel=dummy*c
End Function
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