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THE COVER PICTURE

The diagram shows the model which was used to simulate a drill string suspended from
a heaving vessel. The string is assumed to be made up of a series of elastic elements.
The mass is denoted by m, the stiffness by k, and the damping by ¢. The model is used
in a computer program to determine the stresses and displacements at various points
along the drill string.
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INTRODUCTION

The Deep Sea Drilling Project (DSDP) became operational in August 1968 with the
successful sea trials of the drill ship GLOMAR CHALLENGER. The vessel’s mission
was to recover cores of sediments and basement rock from the deep ocean for scientific
study. Wireline coring operations have been undertaken with drill string lengths to
23,000 feet. The deepest penetration beneath the sea floor was 5712 feet and the
maximum penetration into basaltic crust was 3543 feet.

The static weight of the 5-inch drill string, including the bottomhole assembly (BHA)
can reach 500,000 pounds. The string is also subjected to dynamic loading due to the
ship’s response to wave action. Bending loads are imposed upon the section of drill pipe
that is contained within the guide shoe of the ship. While drilling, torque loading is
exerted upon the drill string. Sea water is pumped down the drill pipe to flush cuttings
from the bottom of the hole and also to activate certain coring tools. The pumping
pressure of this water creates an axial and a radial load upon the drill string. Should
the pipe become stuck in the hole an overpull load must be exerted in an attempt to
free the pipe. All of the above loading situations do not occur simultaneously, but
certain combinations of them do.

It became apparent after a number of years of ship operations, which were leading
toward longer and longer drill strings, that a way of simulating and predicting the
response of the drill string was needed. Since the combination of static and dynamic
loading is the most significant part of the total combined loading, and the most difficult
to calculate, an effort was initiated to develop a computer model to yield the axial
stresses and displacements at any point along the drill string. Work began on this in
1977 and the HEAVE program became functional in 1980. An analysis and computer
program (BEND) was developed concurrently to determine the bending stresses in the
drill pipe. It also became apparent that a method of measuring the stresses in the drill
pipe was needed so that the results of the computer programs could be checked and a
confidence factor in the models established. Technical Report No. 22 describes the
computer models and the instrumented systems which were used to obtain
measurements during actual operations at sea. The results of the computer models and
the instrumented systems are compared. Details of the mathematical analysis, the
computer models, and the instrumented systems are included in appendices.
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HEAVE RESPONSE ANALYSIS

An analysis of the response of a drill string suspended from a floating vessel in a
dynamic sea environment has been made. The analysis permits evaluation of the deflec-
tions and stresses in the string under a wide range of operating conditions and, from the
time history of the stressing, the accumulation of fatigue damage in the material of the
drill string is obtained.

Stresses in the drill string result from:

1) weight of the drill string and attachments suspended essentially vertically from
the vessel (weight in sea water)

2) longitudinal oscillations of the drill string induced by vessel heave motion

3) bending of the drill string induced by vessel roll and pitch and by ocean
currents

4) twist of the drill string induced by drilling torques

Stressing due to the bending induced by ocean currents is always negligible compared to
that induced by roll and pitch, since the latter is concentrated in the region of contact
between the drill string and the vessel (in the guide shoe or picalo to be discussed in the
section on Bending Stress Analysis) while the former is very gradual and spread over the
length of the string. An analysis of typical drilling torques and the induced shear stress
in the string shows this loading to produce a negligible contribution compared to the
stresses from 1), 2), and 3) above. A further discussion of the stresses in the drill pipe is
given in Appendix A.

A previous analysis of stresses and fatique accumulation in the GLOMAR CHAL-
LENGER drill string was given in the Deep Sea Drilling Project Technical Report No. 4
(Ref. 1). A modal analysis of the heave response was employed which considered only
the first mode response. This analysis demonstrated the importance of distributed
damping along the drill string (provided by tool joints and rubbers) in limiting dynamic
stress due to heave-induced longitudinal resonance and showed that the rubbers were
effective in limiting bending stresses in the drill string near the contact points between
the drill string and the guide shoe or picalo.

The present analysis is a refined treatment of the heave response and drill string bend-
ing in a non-uniform drill string (mixed drill pipe sizes and properties) and of the fatigue
accumulation in the drill string material. A lumped parameter model of the drill string
is employed, and a complex transmissibility analysis is used to obtain the heave
response with deterministic and random sea excitation. The non-linear hydrodynamic
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damping on the drill string is approximated by linear damping which is adjusted in
iterated solutions to minimize the mean-square difference between the non-linear and
linear damping forces.

The Model

A drill string suspended from a heaving vessel is represented by the lumped parameter
model shown in Figure 1. The top of the string is coupled to the vessel through a heave
compensator which is modeled by a linear spring with spring rate kh and a linear
viscous damper with damping constant ¢,. When the heave compensator is not used,
k, is set to a very large number compared to the drill string spring rate so that the dis-
placement z, at the top of the drill string is essentially equal to that of the ship. The
displacement of the ith lumped mass is designated as x., and the ship displacement is
designated as zH,(w) where z is the input amplitude to the vessel (sinusoidal or random
sea), H/(w) is the vessel transfer function, and w is the circular excitation frequency.
The heave compensator parameters and vessel transfer function are discussed further in
subsequent sections.

The drill string is represented by n-1 lumped parameter elements of length L., where n is
chosen sufficiently large that an increase in n does not significantly change the calcu-
lated string response. Each element of the drill string is modeled by:

a) lumped mass m. at the top of the element, representing the mass of the string
element of Iength li plus any added mass due to hydrodynamic effects

b) a linear spring of spring rate k; = E; A;/[; where E; is Young’s modulus of elasti-
city of the string element and Ai is the cross-sectional area of the string ele-
ment

¢) hydrodynamic damping represented by adjusted linear damping coefficient ¢
d) structural damping represented by an equivalent linear damping coefficent Cgi

Evaluation of the element parameters is discussed in subsequent sections. A lumped
mass m_ is attached to the bottom of the last string element to represent a bottom hole
assemblrslr which has adjusted linear damping ¢_. A linear spring of rate k_ attaches m

to the sea floor. When k_ is zero, the string 1s freely suspended, and when kn is very
large, the string is essentialhy fixed to the ocean floor.

Equations of Motion

The equations of motion for the lumped masses are linear and may be written in the
form



O=mz+ ¢ 2+ ¢, (7 — %) — ¢y (B — 7)) + K (5 — %) — Ky (% — 7))

0=mz;+ ¢ z;+ ¢4y (2 — 5’;—1] — i (Zis1 — %)

+kioy (% — i) — Ki(2yy —2) fori=2ton—1 (1)

0=m, Eu + ¢4 in + Cen-1 (zu = én-d) + ks (zu = :!5“_1) + ky 2,

The complex transfer functions for the system of equations 1 are found and steady-state
or stationary random response is then determined by standard techniques (Appendix B).

Excitation

Steady-state solutions of equations 1 give the drill string response to sinusoidal input
displacements at the top of the string. The response of the system to steady-state sea
swells is found using the vessel transfer function and harmonic amplitude of the sea as
input to the vessel.

The wave amplitude or energy is a strong function of wave frequency or wavelength in a
random sea. One mathematical model for this dependence is given by the Pierson-
Moskowitz power spectral density function for fully developed waves in a random sea
(Ref. 2). This spectral density function, inferred from experimental data, may be writ-
ten as

e £ 10-° & w5 exo | (162X 102 &
)= 8100107 ¢t oo | (L2007 E )| @

where H is the significant wave height, equal to twice the root-mean-square (rms)
value of the excitation, and g is the acceleration of gravity. The significant wave height
is then

Hy)y = 2[2£¢..(w)m]"2 (3)

3.



When the wave motion is Gaussian distributed, and H, ,, is constant (stationary random
Gaussian), statistical information about the response can be obtained (rms values of the
response). The drill string response to other stationary random Gaussian input spectra
may also be found (experimentally determined spectra, for example).

Heave Compensator

Passive dockside tests on the GLOMAR CHALLENGER heave compensator (Ref. 3),
together with analyses of the head loss due to fluid friction in the hydraulic lines and
the adiabatic behavior of the air in the accumulator tanks, were used to obtain the
heave compensator spring rate and damping. Coulomb friction in the piston-cylinder
system was found to dominate over other dissipative mechanisms in the heave compen-
sator system when the quantity w(z — 1) is less than about 1.5 ft/sec. Turbulent flow
of hydraulic fluid occurs when this quantity is greater than about 1.5 ft/sec and the
equivalent linear viscous damping coefficient is essentially constant (~2100 Ib/ft/sec).
The spring rate measured in pull tests was in reasonable agreement with calculated
values when coulomb friction was taken into account, and k, =0.005 times the load on
the heave compensator when the compensator is used in the passive mode. In the active
mode, test data indicates a spring rate of 2500/ z, 1b/ft (with z in ft). Details of the
heave compensator analysis are given in Appendix C.

Vessel Transfer Function

The vessel transfer function, or Response Amplitude Operator (RAO), may be measured
experimentally from model tests or determined by computer simulation. RAO’s for the
GLOMAR CHALLENGER were derived by computer using the Hansel program and are
shown in Figures 2 thru 6. The RAO’s indicate that, for a typical condition of bow-on
or quartering seas, a transfer function for heave of H,(w) = 0.08 (T-2) is conservative
most of the time for T<14.5 sec. Here T is the excitation period (T=27/w) and
Hv(w)=1 for T > 14.5 sec. The actual RAO’s, and not the linear approximation, are
used in the computer model to be described later.

Structural Damping

The third and fourth terms on the right-hand side of equations 1 for the ith element
give the linearized structural damping force on the element. This force is frequency
dependent and the linearized structural damping coefficient is found by the method of
energy balance (which equates the energy dissipated per cycle for linear and non-linear
processes). The linearized coefficient is found to be




where § is the logarithmic decrement for the drill string material in free vibrations (see
Appendix C). For the case of random inputs, the rms value of w is used in equation 4.

Hydrodynamic Damping

The major damping on the drill string results from its motion with respect to the sea.
This damping has the important effect of limiting the displacements and stresses in the
drill string when the excitation frequency range is near the resonant frequency of the
drill string. Accurate representation of the hydrodynamic damping forces is therefore
important. Hydrodynamic damping on smooth pipe, on tool joints and rubber drill pipe
protectors (rubbers), and on the bottom assembly for deterministic and random inputs
to the drill string are summarized below.

The equivalent linear damping coefficents used in equations 1 are found in such a way
that the mean-square difference in the actual and linearized damping forces are minim-
ized. This technique gives the same result as the Ritz-Galerkin method, the energy bal-
ance method, or the method of slowly varying parameters when the input is determinis-
tic (Ref. 4). For random inputs, this method gives a result which differs from that
obtained for deterministic inputs.

Smooth Pipe Hydrodynamic Damping

The treatment of Ref. 1, page 97 for the smooth pipe and sinusoidal oscillations gives

(Cl' )lmutk pipe — IJ VTW Tp Dls’ I,- (determim'stic) (5)

where

v = kinematic viscosity of sea water

19.68 x 107° fi? / sec for sea water at 0 °C

p = mass density of sea water = 2 lbs— sec / fit

D, = outer diameter of drill pipe

Equation 5 was derived using the drag on a flat plate oscillating harmonically in a
viscous fluid. For the random case, the drag force is taken to be

(mcmnlﬁ pipe — €D1 'g" Au ’ u ' (fandom) (6)



where

drag coefficient for a plate parallel the flow

tm
A

area of plate (= m D, for unit length of pipe)

u = flow velocity

Using a Reynolds number = uTL where L is the length of pipe between rubbers, a drag

coefficient of 0.003 is obtained for u in the range of expected pipe velocities (Ref. 5).
The linearized drag coefficient for the smooth pipe in the random sea is found, using the
mean-square difference technique, to be

8 .
( ¢ )smooih pipe — ( ';' )1/2 tm 'g' ™ Dl:’( Z; )rmar Il' (mndom) (7]

where ( z;),., = the rms velocity of pipe element i. The linearized drag coefficients for
the smooth pipe are added to the linearized coefficients for the tool joints and rubbers
on the drill string element to obtain the linearized hydrodynamic drag coefficient for the
element.

Tool Joint and Rubber Hydrodynamic Damping

The damping force, proportional to the square of the velocity, is taken as
Frsuer=cﬂ2_§'Apu}ul (8)

where

6.1

cpe = drag coefficent for tool joint or rubber

A, = projected area = w

D, = outer diameter of tool joint or rubber

A drag coefficient of 0.65 is obtained when the finite length of the rubbers and tool
joints is taken into account (Ref. 6). The linearized hydrodynamic drag coefficient for
tool joints and rubbers on the string element in the deterministic case is then
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(i ) rubber = €D2 % ( D%:‘ = D?f) w| z| é (determz’nistic) (9)

where

K

8¢

amplitude of oscillation of element ©

rubber spacing on element 1.

In the random case the linearized coefficient is given by the expression

1/2 3
( Cs )rsbbu = (-E"] Cp2 'g' n ( D%i =r D%l) ( z.s' )rm.a i (random) (10)

Bottom Hole Assembly Hydrodynamic Damping

The bottom hole assembly (BHA) is treated as a disk of area A = = D*/ 4

(D=diameter of BHA) giving a linearized hydrodynamic damping coefficient for the har-
monic case of

By = -3%: ps % Aw| z,| (deterministic) (11)

where

| 2

€p3

amplitude of displacement at the bottom

drag coefficient = 1.2

In the random sea case the linearized coefficient is

Cp = [1'88) 3_83_' €p3 '% A (:;:n )ﬂm (raﬂ'dom) (12)
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Mass Calculaﬁons

The mass of the elements is obtained by adding the mass of accelerating sea water at
the rubbers and tool joints to the mass of the elements at rest. The added mass per
rubber (or tool joint) is determined from experimental measurements made on block
bodies accelerating in a still fluid (Ref. 7) and is

(added m), 450 = p(O.Ql D; — 0.785 D? I) (13)

where

[ = rubber length

The added mass per element is then

L.
(added m) jomen: = (added m),,pp., — (14)
3.

Appendix C gives more details on the added mass. The mass of an element at rest is
taken as the weight of the element in air divided by g.

Fatigue Life

Fatigue of the drill string must be carefully considered and taken into account. The
problem of fatigue is compounded by the corrosive effects of sea water, thereby produc-
ing corrosion fatigue. The process is as follows - as a result of fatigue, caused by cyclic
stressing, a tiny crack is initiated on the surface of the metal. Corrosion then proceeds
into the crack reducing the load bearing cross sectional area and increasing the stress
level. This causes the crack to propagate with more corrosion and higher stress taking
place until the part finally fails. Other factors, in addition to corrosion, have an effect
on the fatigue strength of a part. The more important ones are surface condition, mean
stress level, temperature, loading rate, stress concentration due to imperfections in the
surface, combined loading, variable and random dynamic stresses.

Two types of fatigue are present in the drill string. Heave induced fatigue is caused by
the heave motion of the ship. Bending fatigue is caused by the rotation of the drill
string as it bends to the curvature of the guide shoe due to the action of water currents
and the pitch and roll of the ship. Bending of the drill pipe will be discussed later in
the report.



Figure 7 shows the Goodman diagrams for the S-135 (steel) and the 2014-T6 (alumi-
num) drill pipe. The Goodman diagram gives the relationship between the alternating
stress and the mean, or static, stress. Points lying below the curve are in the safe or
acceptable range. The maximum values for alternating stress shown on each diagram
represent the endurance limit for that material, i.e., the alternating stress which can be
endured indefinitely without causing failure. Non-ferrous metals do not have a pro-
nounced endurance limit but, as will be discussed later in this section, a reasonable limit
for the aluminum drill pipe is 5.65 ksi. Also, steel does not have a pronounced
endurance limit when immersed in sea water, but as can be seen from Figure 8, a rea-
sonable limit is 10,000 psi. The maximum values shown for mean stress in Figure 7 are
the ultimate tensile strengths.

Limited fatigue data exists for full sized S-135 drill pipe in sea water. This data can be
fit by an analytical expression with two adjustable parameters, B and m, which takes
the form

(15)
where
N(o) = number of cycles to failure
= corrosion factor
o = alternating stress amplitude
o, = mean (static) stress
o, = ultimate tensile strength of pipe material
The stress amplitude in element i is given by
s =8 o B8] (16)
A; l;
The fatigue life (hours) in the deterministic case is then given by
Life= 27 N —= (determinastic) (17)

3600 w
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where w is in rad/sec, and the fraction F of fatigue life expended due to longitudinal
heave motion for time T hours is

T
Life

(deterministic) (18)

Fatigue in the random case is treated using an "equivalent fatigue stress" (Ref. 8). The
equivalent stress (see Appendix D) is

c,=V2[T(1+ -—;l )]; O,ms (random) (19)

where

I' = complete gamma function

The fatigue life (hours) is then

T

Life=2x N - (random) (20)

600 w,,,,

where

I!' ms

Wems =

zrmn

Fatigue curves for the S-135 drill pipe under various conditions of loading are shown in
Figure 8. The fatigue curve for aluminum drill pipe (see Figure 9), particularly at low
alternating stress values (< 20 ksi), is fit better by the use of a three parameter expres-
sion of the form

(1-=)

where C is the third parameter. The two parameter expression, equation 15, gives a
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conservative (low) estimate of fatigue life for aluminum if a fit to the high stress range is
used, since the expression gives smaller values of N than the experimental values at low
stress. The three parameter curve, equation 21, when fit to the high stress experimental
curve is not a conservative approach, since it implies an endurance limit at ¢ = C which
is not supported by the data. The lowest data point is at 13 ksi and values of B,C, and
m are 456.4 ksi, 5.56 ksi, and 3.082 respectively for the aluminum drill pipe. Using
these values for the fatigue curve parameters, a fatigue life of 250 years is predicted at
an alternating stress level of 6 ksi and a heave period of 2 sec. Thus the assumption of
a quasi-endurance limit with the use of equation 21 has practical validity.

The equivalent stress in the random case is given by

c.,= C+1,0,, (random) (22)
where
I,:c’[wz(z-ai)mm{‘—f)dz (23)

See Appendix D for a derivation of equation 23. The number of cycles to failure is then

(1-=)
N(oym)=| KB -——I—-—-"—- (random) (24)
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COMPUTER ADAPTATION

The calculations of drill string response are implemented in a FORTRAN program
called HEAVE. At the heart of the simulation is a routine which determines the
response of the drill string to a pure sinusoidal excitation. The complex transmissibility
method of W. Iwan with adaptation by T. Vreeland is used. The inputs to the routine
are the frequency and amplitude of the excitation and the various drill pipe characteris-
tics. The output of the routine is a profile of the response motion along the drill string.

The response of the drill string to general ocean wave energy spectra is determined by
integrating the sinusoidal responses of the drill string over the constituent sinusoids in
the spectrum. The spectrum may be specified either for the sea (and require transfor-
mation by the ship) or for the ship itself for direct input to the heave compensator/drill
string.

The method is essentially as follows:

1. Determine an input energy spectrum (and location). Transform it as necessary
through the ship’s response to use as input excitation to the heave
compensator/drill string.

2. Determine drill string responses to each of the individual sinusoid components
of the transformed input energy spectrum and integrate those responses to get
a root-mean-square (RMS) velocity response "down-the-drill-string" profile.
Geometrically spaced frequencies are typically used in this integration.

3. Adjust drill string damping terms and other velocity-dependent characteristics
in both the drill string and heave compensator.

4. Repeat the integration and velocity-dependent adjustment steps until the velo-
city response profile of the drill string converges.

5. Calculate final response using the just-determined velocity-dependent charac-
teristics to integrate once more over the constituent sinusoids of the input
energy spectrum. In this integration the RMS values of displacement, loading,
stress, etc. are determined.

This simulation gives the RMS response profile of the drill string to general ocean wave
spectra. Either wave-height-determined Pierson-Moskowitz wave energy spectra or
spectra determined from heave accelerations measured on the ship are typically used as
input energy spectra.

This drill string response is usually examined and reported in two ways:
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1. RMS profiles. RMS displacement, velocity, loading, stress, fatigue life, etc.
along the drill string.

2. Response density spectra. The density spectra and transfer functions (relative
to ship motion) of displacement, velocity, loading, and dynamic stress.

The first perspective allows more direct comparison with the drill string behavior actu-
ally observed at sea in a traditional engineering environment. The second perspective
shows drill pipe resonances, suggests frequency-dependent sensitivities, and shows the
input-output relationship more explicitly.

Sensitivity analyses for this simulation have many inter-relationships because of the
large number of parameters characterizing the drill string, the situation to simulate, and
even the simulation method itself. The matter of the changing response to varying
values of inter-related pairs of input parameters and changing the values of pairs of
input parameters is conveniently handled in the simulation.

The computed drill string responses are displayed on graphs as functions of two parame-
ters. For each of the several values of one parameter the value of a second parameter is
varied. For each pair of parameter values so determined the drill pipe responses are
computed and plotted. This gives a family of curves indexed by the values of one
parameter showing the responses as functions of the second parameter.

The following are the model input parameters characterizing the drill string simulation:

Drill pipe configuration
group length
group pipe type (determines which of several sets
of pipe characteristics are used)
group spacing of tool joints or rubber dampers
number of mass elements in the group

Bottom of drill string
bottom assembly weight
bottom assembly diameter
mass of additional water entrained in bottom assembly
end restraint (free or fixed)

Heave compensator
none, passive, active
spring rate
damping factor

Ship parameters

presence/absence of ship (& transfer function)
ocean wave direction
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Input Spectrum
oceanic/sinusoidal /external
wave height
wave period
number of discrete frequencies in spectrum

Simulation method
velocity-dependent/constant damping
number of drill string-element groups
added mass factor for tool joints, bottom assembly

The following are the response outputs of the drill string model simulation:

As a function of input frequency (or period)
top, bottom velocity, phase, transfer function
top, bottom displacement, phase, transfer function
heave compensator velocity, phase, transfer function
dynamic stress, phase, transfer function
top, bottom dynamic load, phase, transfer function
complex transmissibility (both amplitude and phase)

As a function of position along the drill pipe
RMS velocity
RMS displacement
RMS stress
total stress
fatigue life

As a function of a general input parameter
top, bottom velocity
top, bottom displacement
RMS top stress
fatigue life
RMS heave compensator velocity
RMS heave compensator stroke

Three test cases were run to verify the computer program (see Appendix E):

1. A drill string 67 times more stiff than a steel string (E = 2.0 x 10° ksi rather
than 3.0 x 10" ksi)

2. A heave compensated point mass
3. A uniform flexible steel (S-135) drill string which had previously been analysed

using programs developed by Global Marine, Inc. (GMI) and Mechanics
Research Inc. (MRI)

-15-



A string response was calculated by the HEAVE program for case 1 which was essen-
tially equal to the input (at frequencies well below resonance) for deterministic and ran-
dom inputs with the bottom of the string free to move. This is the expected response
for a very stiff string. With the bottom of the string fixed, the calculated response was
essentially a uniform stretch, and the stresses agreed with those calculated for a uniform
stretch of the string. The steady-state response of a point mass supported by a spring
and a linear damper (case 2) may be expressed as shown in Appendix E. Excellent
agreement between response caculated by equation E1 and the HEAVE program was
found. Top displacement amplitudes and bottom displacement amplitudes versus wave
period were calculated for a 20,000 ft drill string of S-135 steel drill pipe with rubbers
spaced at 5 ft intervals along the string (case 3 with 5 ft input amplitude to heave com-
pensator). Values of bottom displacement show trends similar to the top displacement
but with increased magnitude.
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BENDING STRESS ANALYSIS

A detailed analysis of bending fatigue in GLOMAR CHALLENGER drill pipe and dril-
ling subs is given in Reference 12 and is included as Appendix F. A supplement to this
report was written covering fatigue in the case of random loading (Ref. 13) and is
included as Appendix G. The drilling sub is a heavy wall section of pipe (which reduces
static stress) with integral machined knobs to produce uniform bending and thereby
reduce bending stress. Because of the knobs they are often referred to as knobbies. A
previous analysis of the bending and fatigue due to vessel pitch and roll (Ref. 14) served
as a basis for design of the drill string and guide shoe system. Subsequent analyses,
References 12 and 13, were made in which the problem was treated in much greater
detail in order to refine predictions of fatigue life.

Highly localized bending occurs in the drill pipe and drilling subs due to vessel pitch and
roll (Figure 10) and, when combined with pipe rotation in the drilling operation, leads
to an alternating stress component which is superimposed on the static and dynamic
axial tension stresses in the pipe material. Thus metal fatigue damage may occur in the
drill pipe and drilling subs due to the bending. Figure 10 shows that the bending is
much more severe if rubbers are not used on the pipe. The bending moment decreases
exponentially with distance from a single contact point of the pipe with the guide shoe,
ie.,

M= Myexp(a z) (25)
where

M = moment at distance z from contact point
M, = mon;.(/ezzlt at contact point

T
o 3

El
T =  tension in the pipe
EI =  flexural rigidity of pipe

Thus for a 25,000 foot string of five inch diameter S-135 drill pipe, the bending stress
drops to 45% of the stress at the contact point at z = 10 in., to 13.5% at z = 25 in., and
to 1.8% at z = 50 in. Localization of bending stress at contact points also occurs when
adjacent rubbers or tool joints contact the guide shoe.

The guide shoe of the GLOMAR CHALLENGER was designed to present a surface of
constant radius (350 ft) to the drill string for vessel pitch or roll angles up to 8.5°. The
minimum diameter of the guide shoe at its top is larger than the maximum pipe diame-
ter (at tool joints and rubbers), and as the vessel rolls the first contact with the guide
shoe surface may be below the top of the guide shoe. It is assumed that the angle 8
between the guide shoe axis and the vertical varies in one plane only so that the pipe is
straight at # = 0, and begins to bend when # increases sufficiently to cause the pipe to
contact the guide shoe. An in-phase pitch and roll motion could keep the pipe
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continously in contact with the guide shoe, but this condition is assumed to be infre-
quent. When the pipe is rotated in the drilling operation, the maximum bending stress
at a point in the pipe alternates in sign at the rotation frequency which is usually much
greater than the frequency of pitch or roll. Thus the wave form produced by drilling
rotation stresses is modulated by the wave form produced by the relatively low fre-
quency alternate stressing due to harmonically varying 8 (See Figure 20).

Fatigue accumulation due to the bending starts (or resumes) in a length of pipe when it
is put into the string and drilling resumes. The pipe moves down through the guide
shoe as drilling progresses and three different time regimes, in which fatigue accumu-
lates, are analysed:

1) the time the pipe element is above the upper contact point
2) the time the pipe element is between contact points
3) the time the pipe element is below the lowest contact point

Regime 2 is absent when the maximum @ is smaller than the critical angle # , which first
causes the pipe to contact the guide shoe at two points. Evaluation of the time history
of stressing of a pipe element as it passes through the three regimes to where the bend-
ing stress becomes negligible (a few feet below the lowest contact point) permits the
fatigue accumulation to be evaluated for one trip of the pipe though the guide shoe.
Account is taken of the variation in tension in the pipe arising from vessel heave, and
the different flexural rigidities of the drilling subs and the drill pipe. The combined
accumulation of fatigue due to bending and heave stresses is then considered.

A section-by-section summary of Reference 12 will now be given. Equation numbers
refer to the equations of Reference 12, unless otherwise noted. The introduction, section
I, contrasts the present analysis with the previous design study and briefly describes the
contents of following sections. A summary of the notation is presented in section II.

Deflection and Bending Stress in the Guide Shoe (section III)

Pipe deflection and bending stresses in the guide shoe are found when two or more
rubbers or tool joints are contacting the guide shoe surface. The pipe is assumed to be
tangent to the guide shoe surface at the contact points (a conservative assumption, since
the bending is actually somewhat less at the highest and lowest contact points). The
maximum bending stress, given by equation 6, occurs at the contact point (actually in
the pipe section adjacent to a tool joint or rubber contacting the guide shoe). It
depends upon the pipe tension T, and equations 7-13 are developed for evaluation of the
maximum stress in three distinct ranges of T:

-18-



1) tension below that required to cause pipe contact between rubbers or tool
joints, T < T,

2) tension above that required to cause the bending radius at the contact point
between tool joints and rubbers to conform to that of the guide shoe, T> T,

3) intermediate values between these two tensions

Pipe Deflection and Stress Below the Guide (section IV)

Pipe deflection and stresses below the lowest contact point with the guide shoe are
evaluated and two cases are considered;

1) drilling subs in the guide shoe area

2) drilling subs and drill pipe below the lowest contact point with the guide shoe.
The stress for case 2 decreases with distance below the lowest contact point only slightly
faster than that for case 1, and equation 17a for case 1 is therefore used in subsequent

calculations of the bending moment below the lowest contact point (a conservative
approximation).

Pipe Deflection and Stress Above the Guide (section V)

A one point contact with the guide shoe is first considered, and the maximum bending
moment (at the contact point) is found by solution of a quadratic equation (equation
19) in Z where Z= M, a/ T and M, = bending moment at the contact point. The criti-
cal pitch or roll angle # , which causes the pipe to contact the guide shoe at two points
(at adjacent tool joints or rubbers) is given by equation 22, and it is assumed that when
the pitch or roll angle is 8 , or larger the bending stress at the contact points is given by
equation 6. This produces a discontinuity in the slope of the Z versus pitch or roll angle
relationship at . The critical angle depends upon whether drill pipe or drilling subs
are in the contact area, (4 ,, and 8 ., respectively). Values of Z and @ , are calculated for
two extreme boundary conditions at the power sub (top of the drilling subs):

1) no bending moment (so the slope changes with respect to the axis of the guide
shoe when the vessel pitches and rolls)

2) no slope change with respect to the guide shoe axis (so a bending moment at
the power sub is induced by vessel pitch and roll)

The deflection at the power sub measured from the axis of the guide shoe is assumed to
be negligible compared to the deflection at the first contact point. It is found that both
of these conditions give essentially the same bending moment at the contact point so the
slightly more conservative assumption (1) is used in subsequent calculations. The

-19-



insensitivity of the bending moment at the contact point to a bending moment at the
power sub results from the rapid decrease in moment with distance from the power sub.

Solutions for Z, and @, with drill pipe above the top contact point and drilling subs
between the drih pipe and power sub are given by equations 30 and 31. Solutions for 2.2
and @ ., with drilling subs at and above the upper contact point are given by equations
3le and 31f. Bending stresses at the contact point are related to the appropriate Z
values by use of equation 6.

Stress-Time Variations (section VI)

Variations in pipe tension (due to vessel heave) are assumed to be uncorrelated with
changes in vessel pitch or roll. The change in pipe tension produces a modulation in
pipe bending stress at a given roll angle since the parameter o changes. The maximum
bending stress at a given cross-section of drill pipe also varies with time due to changes
in pitch and roll angle (except in the arc of pipe between upper and lower contact points
as discussed above, but here the length of the arc of contact changes with the pitch and
roll angle). As discussed in the introduction, the bending stress at a given point in the
pipe cross-section alternates in sign as the pipe rotates during drilling. The rate of
stress cycling is then governed by the rotation frequency which is normally much higher
than the pitch or roll frequency. Changes in the pitch or roll angle and in the pipe ten-
sion (due to heave) then produce modulations in the envelope of bending stress ampli-
tude. An essentially sinusoidal modulation of the bending stress at a point results when
the pitch and roll amplitude #, < # . When 8, > @, a sinusoidal modulation, with a
flat top, occurs over the portion of the cycle in which 8, > 6 .

The bending stress at a given point in the drill pipe varies as the point passes through
the guide shoe area. This variation, discussed above, is taken into account together with
the modulations in stress amplitude due to vessel pitch, roll, and heave to evaluate the
fatigue accumulation as the pipe passes through the area where high stress amplitudes
are encountered.

Bending Fatigue Calculations (section VII)

Miner’s rule, equation 40, is used to calculate the fraction F of fatigue life expended, and
a two parameter fatigue law, equation 41, is used. The parameters B and m are
adjusted to fit experimental fatigue data over the range of expected bending stress. The
stress modulation due to pitch and roll is taken into account by use of the factor I
given by equation 44. The factor I, in equation 45, accounts for modulation due to
vessel heave. The fraction of fatigue life expended while drilling a distance equal to
X; — X5 is then evaluated by use of equation 47.
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Fatigue Accumulation (section VIII)

Equation 47 is evaluated for the fraction of fatigue life expended in drilling through
three regions (F A above the highest contact point with the guide shoe, F; between top
and bottom contact points, and FB below the bottom contact point). Fatigue accumu-
lation above the contact point is a maximum at the top tool joint of a length of drill
pipe since it is the section which is above the contact point for the longest period and
receives the largest number of stress cycles. The fatigue accumulation of this section of
pipe is followed as drilling proceeds and until the bending stress drops to low values
when the section passes some distance below the lowest contact point. The fatigue

accumulation due to bending and tensile (heave) cycles is taken to be cumulative (equa-
tion 76).

Bending Fatigue of the Glomar Challenger Drill String - Random Pitch and Roll
(Appendix G)

The treatment for harmonically varying pitch and roll is extended to the random case in
the supplement. The fraction of fatigue life expended in bending while drilling, with
pipe in the guide shoe area, is given by equation 9 of the supplement in terms of
reduced fractions of fatigue life expended (defined as F times the drilling penetration
rate divided by the pipe rotation frequency).

Fatigue Due to Bending and Heave

The fatigue accumulation of the drill string cannot be accurately monitored without a
means of identification of individual pipe lengths and an accounting system to update
the accumulation of fatigue each time a given length of pipe is put into the string in
well-characterized sea states (with known rotation and penetration rates). The number
of trips n that a length of drill pipe can make through the guide shoe area during its
fatigue life may be estimated for specified mean drilling conditions as follows.

Let H = fatigue life in heave for pipe near the top of the drill string, a fatigue life deter-
mined for some mean conditions evaluated by the heave dynamics program, described in
the previous section on Heave Response Analysis. Let F = fraction of fatigue life
expended due to bending in one trip through the guide shoe, again a mean value. If the
total time the pipe section is subjected to heave at high stress is T (the total time of use
to failure), the fraction of fatigue life expended due to heave alone is T/H. For failure

nF+ T/H=1 (26)

The relationship T = n7, may be used where T} is the mean time the drill string is sub-
jected to heave while drilling one hole (each length of drill pipe is used to pass through
the guide shoe area during drilling only one time per hole). Solving for n yields

55 i (27)

=
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Figure 11 shows the spacing of rubbers that can be used with either steel or aluminum
drill pipe to keep bending stresses below critical levels. The representation exhibits
discrete jumps since one rubber per joint (30 feet) of pipe produces a 15-foot spacing, 2
rubbers per joint produce a 10-foot spacing, etc. It can be seen that approximately
10,000 feet of the 5-inch steel pipe and 12,000 feet of the 5-inch aluminum pipe can be
deployed without rubbers. They are frequently used on even the lower sections of the
drill string to provide damping. However, the use of rubbers as bending stress limiters
dominates over their use as dampeners as can be seen from Figures 12 and 13. For a
20,000-foot drill string the difference in bending stress by using no rubbers or rubbers at
5-foot spacing is about 80 ksi. For the same conditions the difference in heave stress,
because of damping, is about 4.5 ksi.

When deploying extremely long drill strings (> 20,000 feet) it may be necessary to
obtain further reduction of the bending stress than can be realized with the guide shoe
and with rubbers on the drill pipe. When drilling ahead, and particularly when the rate
of penetration is slow, the knobbies can be used to decrease both axial and bending
stresses. After a few hundred feet of knobbies have been deployed they can be replaced
with standard drill pipe by tripping quickly thru the guide shoe area. When the rate of
penetration during drilling is fast or when deploying pipe to reach the mudline, a very
long string may require the use of a picalo (bend limiter) as shown in Figure 14. The
picalo is designed for a particular length of drill string. The stiffness of the picalo is
highest at the upper end and decreases gradually to the bottom end thereby maintaining
a constant radius of curvature under the bending load. A picalo was used with a 23,000
- foot drill string on Leg 89 (see section on Instrumented Systems) and the bending
stress in the drill pipe was decreased by a factor of approximately 2.5 compared to the
use of the guide shoe alone.
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INSTRUMENTED SYSTEMS

The instrumented systems were designed for the purpose of obtaining stress and dis-
placement measurements on the drill string that could be used as a validation of the
computer model. The instrumentation that has been used at DSDP to measure the
stresses and displacements in the drill string consist of three major systems-the Instru-
mented Drill String Sub (IDSS), the Drill Bit Motion Indicator (DBMI), and the Ship
Motion Data System (SMDS). When at all possible the three systems were operated
simultaneously so that the drill bit motions and the stresses in the drill string could be
correlated with the motion of the ship. Figure 15 shows the three systems and their
location when in operation.

Instrumented Drill String Sub (IDSS)

The IDSS is a joint of drill pipe which is outfitted with strain gages and a self-contained
battery operated recording package. It was used to measure stresses at the top of the
drill string. The standard drill pipe IDSS, as shown in Figure 16, was used when drill
pipe was being run at the top of the drill string. The heavy wall IDSS, as shown in Fig-
ure 17, was used when heavy wall pipe was being run at the top of the drill string due
to a long drill string and/or rough weather. The recording package was made up and
installed in the appropriate IDSS which was then inserted into the top of the drill string
when measurements were desired. Details of the operational use of the IDSS are given
in Appendix H.

The arrangement of the strain gages around the outside of the instrumented pipe is
shown in Figure 18. The primary quantities measured were tension, bending in each of
two perpendicular axes, and torsion. For redundancy a secondary backup measurement
was made of each giving a total of eight channels of data. By proper placement and
orientation of the gages bending was excluded from the tension signal and tension was
excluded from the bending signal. Four individual strain gages were connected as a
Wheatstone bridge for each channel. The bridge method gives a very accurate measure-
ment, it improves the temperature compensation, and it produces a larger signal output
than would be obtained with only one gage.

Each of the eight channels in the IDSS was sampled at a rate of 10 hertz. Approxi-
mately 15 minutes of data could be stored in the solid state memory in the recording
package. After the IDSS was taken out of the drill string the memory unit was interro-
gated to determine if it contained data and if the data was reasonably good. A sample
of this interrogation is shown in Figure I1 of Appendix I. If good data was obtained it
was retrieved from the memory and stored on magnetic tape which was brought back to
the Project for detailed analysis. A data dump from this taping of the IDSS data is
shown in Figure I2 of Appendix I and the format for this taped data is given in Figure
13.
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Before an instrumented sub was used at sea it was fully calibrated in a testing machine.
The test loads used were 200,000 pounds in tension; 25,000 foot-pounds in bending; and
20,000 foot-pounds of torque. The data from the calibration of the latest version of the
heavy wall IDSS is shown in Figures I4 thru I7 in Appendix I. The scaling factors
resulting from these calibrations are shown in Table 1. In preparation for making an
IDSS run, measurements were made of CAL and ZERO for each channel and these
values were stored in memory in the electronics package. CAL was a voltage measure-
ment across a precision resistor, the resistance of which corresponded to an assumed full
load value for the particular channel. ZERO was the voltage measurement correspond-
ing to the no load condition for each channel. During the data reduction the following
relationship was used:

D= (28)

CAL — ZERO

d—ZERO ] g

where

D = reduced data value (lbs or ft—1bs)
d = measured data value (volts)

S = scaling factor (lbs or ft—Ibs)

The range of measurement of the IDSS was up to the yield strength of the drill pipe,
i.e., 700 klbs in tension, 64 kft-lbs in bending, and 74 kft-lbs in torque. The reduction
and plotting of the data was done by computer. Typical plots of tension, bending, and
torque are shown in Figures 19 thru 21, respectively. The tension data of Figure 19 was
obtained on Leg 89 with 21,000 feet of drill string deployed. The maximum loading was
about 600,000 pounds, and the dynamic load was approximately + 150,000 pounds.
The bending stress data of Figure 20 was obtained on Leg 81, during drilling operations.
The higher frequency data corresponds to the bending stress produced by the rotation of
the drill string in the guide shoe, whereas the envelope of the data corresponds to bend-
ing produced as the drill string bends to the curvature of the guide shoe during pitch
and/or roll motion of the ship. Figure 22 is a power spectrum of the bending stress with
peaks occuring at a 10 second period (pitch or roll induced bending) and at a period of
about 1.5 seconds (rotation induced bending). Figure 23 is a power spectrum of the ten-
sion data from Leg 89 and shows the major peak at a 7 second period. This corresponds
closely to the period of the peak ship heave energy as can be seen from the ship heave
spectrum of Figure 30 which will be discussed in the section on ship motion.

The data from the IDSS was stored in memory in the electronics package and the read-
out occured at some later time. However, the drilling crew needed a real time read-out
of drill string tension so that on-the-spot decisions could be made. A Martin-Decker
load gage at the rig floor provided this instantaneous read-out, and the load was also
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recorded on a TOTCO recorder at the rig floor. A typical example of a TOTCO load
recording is shown in Figure I8 in Appendix L

Figure 24 is a series of plots showing a typical progression from sea power spectral den-
sity, which is the excitation parameter used in the HEAVE program to the dynamic
load power spectral density. The first plot in the series is the Pierson-Moskowitz sea
spectrum mentioned previously. This spectrum was derived from a number of spectra
measurements taken by British weather ships in the North Atlantic. This composite
spectrum is used frequently by researchers, but is problably not truly representative of
all the oceans of the world at all times of the year. The second plot in the series is the
ship heave RAO or transfer function. The RAQ’s were mentioned in the section on
Heave Response Analysis. The condition of quartering seas, i.e., with the wave direc-
tion at 45° to the bow of the ship, is used almost exclusively in the HEAVE program
since it is the worst case, except for beam seas, which are avoided if at all possible. The
third plot in the series is the ship heave power spectral density which results from
applying the heave RAO to the sea spectrum. The instrumented data shows a peak
occuring at a period of about 8 seconds, which correponds closely to the peak for a 6-
foot wave, but with a magnitude that corresponds more closely to the magnitude for a
15 to 18-foot wave. The reason for this discrepancy is not clear. The fourth plot in the
series is the dynamic load RAO and shows the resonant heave period (6.8 seconds) of
the drill string. The last plot shows the dynamic load power spectral density. The
instrumented data shows a much higher peak than the curves derived from the HEAVE
program. Again, the reason for this is not clear. However, the period at which the peak
occurs is in very good agreement. :

It might appear from the set of curves in Figure 24 that drill string resonant heave
periods are below the range of maximum ocean wave energy, even for long drill strings.
However, even though the peak sea power for a 6-foot wave is relatively low, the peak
occurs at a period which is fairly close to the resonant period for long (>25,000 feet)
drill strings. And it must be remembered that, at resonance, a very small excitation can
produce a large response. This may have been the cause of the large dynamic loading
on Leg 89 which was mentioned previously (also see section on Drill String Resonance).

Drill Bit Motion Indicator (DBMI)

The DBMI is shown schematically in Figure 25. It is basically an accelerometer package
which is attached to the core barrel and dropped down to the bottom of the drill string.
The vertical (heave) acceleration of the drill bit was measured and the data was stored
in the self-contained electronics section of the package in a similar fashion to the method
used with the IDSS. Three ranges of acceleration were available, + 0.1 g, &+ 0.5 g, and
+ 1.0 g. One of the ranges was pre-set before the instrument was sent down the drill
string. As with the IDSS the instrument was interrogated after retrieval to determine if
data had been recorded and, if so, the data was transferred to magnetic tape to be car-
ried back to the Project and analyzed. A data dump from a DBMI tape is shown in
Figure J1 of Appendix J and the format for the data is given in Figure J2.
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A plot of typical data from a run of the DBMI is shown in Figure 26. The low fre-
quency data at the beginning of the plot represents the condition of a free hanging drill
string whereas the higher frequency data was produced while drilling. In an effort to
establish time synchronization of the data from the instrumented systems a jerk load
was imposed upon the drill string by dropping it slightly and then catching it. This
method did not produce the synchronization desired, since the ship did not "feel" the
jerk load, i.e., it did not show up on the ship motion data system. However, the DBMI
did feel the jerk load, and the resulting data plot is shown in Figure 27. The point at
which the jerk load was applied is easily seen in the figure as the start of the greatly
increased amplitude oscillations which then damp out and return to the normal heave
motion signal of a free hanging string. '

The data from the DBMI is in units of acceleration. If displacement rather than
acceleration is desired, it may be approximated by using

where
s = displacement

a = acceleration

w = 2—“‘
T
T = period

The period can be approximated as the time between two successive maxima or minima
on the acceleration record. A transformation from acceleration to displacement can be
performed by a double integration process in the computer. However, since the initial
conditions required for the integration are difficult to determine, the approximation dis-
cussed above is sufficient in most cases.

Ship Motion Data System (SMDS)

The SMDS was developed so that the ship motions could be measured and correlated
with the drill bit motions and the stresses in the drill string. Spectra can be developed
from the ship motion data and these spectra can be used as input for a model. For
example, the ship heave spectrum can be used as the excitation input to the HEAVE
computer model to see how the resulting bit motion and top drill pipe stresses compare
with those actually measured at the same time that the ship heave data was taken.

A block diagram of the SMDS is shown in Figure 28. In addition to the heave, roll, and
pitch motions of the ship the system also measured and recorded the hookload, i.e., the
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loading at the top of the derrick when the drill string was deployed. This hookload
included the weight of the drill string plus any equipment that was run above the string
such as the travelling block, the power sub, or the heave compensator. The heave, roll,
and pitch were obtained from a vertical reference gyro and an accelerometer, both of
which were mounted near the moon pool of the ship. The SMDS data was recorded on
magnetic tape to be analyzed at a later time. A data dump from the tape is shown in
Figure K1 of Appendix K and the format for the taped data is given in Figure K2.

A typical plot of heave data from the SMDS is shown in Figure 29. A power spectrum
of heave data in Figure 30 shows that the maximum ship heave energy, for the particu-
lar run noted, was located in the range of periods from 6 to 10 seconds. Typical plots of
pitch and roll data are shown in Figures 31 and 32 respectively. A hookload record
from the SMDS is shown in Figure 33. It shows the maximum hookload to be about
610 klbs. At the same time that the SMDS data was being recorded on tape it was also
recorded on a strip chart recorder so that a quick-look could be obtained. A portion of
a strip chart recording is shown in Figure 34.

Coordinated Runs

Whenever possible, the three measurement systems - the IDSS, the DBMI, and the
SMDS were all operated at the same time in a coordinated run (see Fig. 15). This was
done so that the measurements of drill pipe stress and bit motion could be correlated
with the ship motion excitation. The coordinated runs were also made so that any
prominent events might be picked up on at least two and possibly all three of the sys-
tems, for example, the jerk load mentioned in the DBMI section. The jerk load was
seen on the DBMI, but it was not significant enough to be seen on the heave record of
the SMDS, and the IDSS malfunctioned on the jerk load runs. Details on methods used
for deployment of the three systems for a coordinated run are given in Appendix L.

Coordinated runs of the instrumented systems were begun on Leg 72 and continued on
Legs 74 and 76 as a break-in and development period. Table 2 shows a summary of the
data that was obtained from the instrumented systems since Leg 76. It was unfortunate
that there was a real scarcity of data from the IDSS system which was continually
plagued by electrical problems. A comparison of data obtained from the instrumented
systems and results obtained from the computer model (HEAVE) is given in Table 3.
There is generally good agreement except for the vertical loading in the drill string on
Leg 89 which will be discussed in the section on drill string resonance.
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LONG DRILL STRINGS

Long drill strings have frequently been deployed during the course of the Deep Sea Dril-
ling Project, the longest one being 23,000 feet of 5-inch pipe. As technology improves
and experience is gained, it is envisioned that even longer drill strings will be used.
There are a variety of methods which may be used to achieve long drill strings. Smaller
diameter (<5") pipe may be used, at least on the lower portion of the string. However,
this is usually not an attractive alternative since it would necessitate the design, fabrica-
tion, and testing of a complete line of smaller coring tools than have been used to date
in the Deep Sea Drilling Project. A tapered string may be used where, for example, 5-
inch pipe is used on the lower portion of the string, then a larger diameter, or diameters,
on the upper portion of the string. A mixed string, say 5-inch steel and 5-inch alumi-
num, may also be used. And finally, a tapered and mixed string can be used, where the
string is composed of more than one diameter of pipe and more than one material. The
properties of three types of standard drill pipe are given in Table 4.

An example run of the HEAVE model and the resulting plots are shown in Figures 35
thru 40. The run describes a 30,000 - foot tapered and mixed string composed of 5 1/2
and 5-inch steel and 5-inch aluminum pipe with a Pierson-Moskowitz sea spectrum as
input excitation and no heave compensator. The rubbers mentioned in Figure 35 were
used for two reasons, first to decrease the bending stress and secondly to provide damp-
ing. Figure 36 shows the amplitude of displacement of the drill string. It can be seen
that the bottom of the string experiences greater displacement than the top, which is a
typical situation. The velocity of the drill string is shown in Figure 37 and the trend is
similar to the displacement. The dynamic stress in Figure 38 varies abruptly because of
the different diameters and materials used in the string. The total stress is shown in
Figure 39. Actually it is the total of the static plus the dynamic stress, but does not
include the bending stress. For most efficient use of material the configuration of the
drill string should be such that each section of one diameter or one material is stressed
to some reasonable limit, say 90 percent of the yield strength. This is the case for the
two top steel sections and the aluminum section in Figure 39 if bending stress is also
considered.

The fatigue life is given in Figure 40 and again there are abrupt changes due to change
in cross section or change in material. From fifteen years experience at sea DSDP has
found these computer generated fatigue curves to be conservative. Drill strings have
parted, but in most cases the failures were due to material flaws, overstressing, or inade-
quate inspection methods. In addition to the plots, printed numerical output as shown
in Figures 41 and 42 is also available from the computer. Figure 41 is a reprint of the
data that was inputted in order to make the run. Figure 42 is a typical page of the
results from the run.

The HEAVE program has been run for drill string lengths from 12,000 feet to 30,000
feet and the results are shown in Figures 43 thru 47. The curves are plotted versus drill
string length and are based upon the same input as in Figure 35 with the following
exceptions:
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1) Drill string length was varied from 12,000 to 30,000 feet

2) 5-inch pipe was used thru 24,000 feet; from 24,000 to 30,000 feet a tapered
string was used (20,000 feet of 5-inch at bottom topped off with 5 1/2-inch)

No heave compensator was assumed, thereby producing the worst case, i.e., highest
stress. Many times during operations at sea it is impossible, or impractical, for various
reasons to use the heave compensator. When the compensator is used, the dynamic
stress level is reduced. However, the dynamic stress is a relatively small percentage
(<10%) of the yield strength of the pipe, and so the reduction is not too significant
unless the pipe is being worked near its strength limit.

Figure 43 shows the heave displacement amplitude of the top of the drill string, which is
assumed to be the same as the heave displacement of the ship. The ship displaces
10,000 tons whereas the wet weight of drill string is about 220 tons at most. Therefore
the deployed string has a negligible effect on the heave motion of the ship, and the top
of string displacement curves are constant for any particular wave height. The displace-
ment amplitude of the bottom of the drill string is shown in Figure 44. Because of its
elastic properties the string, in general, has greater bottom displacement for longer
strings. Figure 45 shows the top dynamic stress amplitude. It is interesting to note
that, for the 6-foot and 9-foot wave, the dynamic stress decreases as the drill string
length increases from 22,000 to 24,000 feet. This may be due to some resonance effect
around 20,000 to 22,000 feet and increased damping beyond 22,000 feet. It should be
remembered that the wave height values given on the figures represent peak-to-peak
whereas the amplitude values given in Figures 43-45 are plus or minus. The combined
static plus dynamic stress is shown in Figure 46. The maximum stress ranges from 100
ksi to 112 ksi, which means that a bend limiter (picalo) would be required at the longer
drill string lengths to keep the total stress (static + dynamic + bending) from exceeding
90 percent of the yield strength (121.5 ksi) of the S-135 steel pipe. Figure 47 shows the
fatigue life based upon the stress at the top of the drill string. Efficient utilization of
drill pipe can be realized by rotating a section of pipe from the top of the string to a
progressively lower position in the string after it has accumulated a pre-determined frac-
tion of its fatigue life at each position.

Table 5 is a listing of various configurations to obtain a 30,000-foot drill string. The
first two configurations require the use of a picalo to keep stresses within safe limits.
Some of the configurations use non-API pipe, some are tapered (different diameters),
some use aluminum drill pipe (ADP), and some use a smaller bore than the standard
pipe used on the CHALLENGER (5-inch, 19.5 Ibs/ft). The configurations in Table 5
are workable, but not necessarily optimum.

Before some operations at sea, especially when high loading on the drill string is antici-
pated, a loading curve, such as shown in Figure 48 may be developed. The load values
on the figure take into account the bending and principal stresses. A limit on the load-
ing can be established, e.g., the 90 percent yield limit on the figure. The loading, as
observed at the rig floor, is then not allowed to exceed the limit.
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DRILL STRING RESONANCE

The first plot of Figure 24, the Pierson-Moskowitz sea power spectrum, shows that signi-
ficant energy is available in the range of wave periods from 5 to 10 seconds. The second
plot of Figure 24, the ship (CHALLENGER) heave RAO, indicates that a good portion
of the energy in the ocean can be transferred to the ship. This is substantiated in a
spectrum of measured ship heave shown in Figure 30 where, again, a significant portion
of the energy is located in the periods from 5 to 10 seconds. For drill strings of less than
20,000 feet there is no problem. However, for drill string lengths between 20,000 and
30,000 feet the resonant heave period falls in the range of periods between 5 and 10
seconds, and heave resonance becomes a possibility. Figure 49 shows the region of ocean
energy and the resonant heave periods of various configurations of drill string.

Figure 50 shows the resonant heave period of a 20,000-foot non-tapered steel drill string
to be about 5.8 seconds. The resonant period plot of a tapered 30,000-foot string com-
posed of 5 1/2 and 5-inch steel pipe exhibits two resonant periods corresponding to the
two sizes of pipe as shown in Figure 51. The principle resonant period is seen to be
about 7.9 seconds. The approximate resonant heave period for a non-tapered, non-
mixed steel drill string is given by:

T, = 4—f (1 + % [L > 8500 feet, Dia = 5 inchc% (30)
where
L = length of drill string (ezcluding bottom hole assembly)
a = velocily of sonic waves in the pipe material
my = mass of bottom hole assembly
my = mass of drill string

Figure 52 shows the effect of damping on heave displacement. The damping factor for
the drill string is less than 0.1, and as the forcing frequency in heave approaches the
resonant heave frequency of the drill string, the amplification factor increases rapidly
with a resultant increase in the dynamic stress at the top of the string. This may have
been the situation on Leg 89, mentioned previously where unusually high dynamic loads
of £+ 150,000 pounds were observed. These high dynamic loads were predicted in Refer-
ence 15, and a set of curves, Figure 53, from the reference show a dynamic loading of
175,000 pounds for a ship heave of one foot. The curves are based upon harmonic excita-
tion, and it is possible that, at times, the seas may have a harmonic character. A run of
the HEAVE model was made using the conditions of Leg 89 with a harmonic sea. The
results are shown in Figure 54 where the drill string experiences a dynamic load of
almost 150,000 pounds at resonance under the excitation of a 9-foot wave, or a ship
heave of one foot (see Figure 2 at a period of 6 seconds).
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The magnitude of the vertical motion of the bottom of the drill string is greater than
the heave of the drilling vessel (see Fig. 36). The ratio of these motions (bottom/top) is
a maximum when the wave period is equal to the natural heave period of the drill
string. This amplification of motion at the bottom of the string results in an oscillatory
tension stress which is a maximum at the vessel and is given by (Ref. 16)

T
3.96x103%si|{% i:)
0oy = P
r Ta) (]f)(}f;;11"""T"2
o 2. T 2 & 2 T

zy = heave displacem:mt of vessel, ft

si (31)

where

T, = natural heave period of drill string, sec

T = period of heave motion of vessel, sec

For safe operation, considering fatigue,

oy < a'E(l - % or .75 o, , whichever is smaller (32)
L7

where
o'g = endurance limit for drill pipe material
o, = mean (static) siress
o, = ultimate tensile strength of drill pipe material

o, = yield strength of drill pipe material

The heave amplitude of the vessel as a function of wave height can be found from RAO
curves such as shown in Figures 2 and 3. Using the RAO’s in conjunction with equation
31 and a resonance curve,e.g., Figure 49, a set of curves can be drawn depicting safe
operating sea states for various lengths of drill string. An example of this is shown in
Figure 55 where safe operating conditions are combinations of wave height and period
which lie below the curve. Another way of determining a proper drill string configura-
tion and safe operating condition is to use Figures such as 12, 46 and 49. The fatigue
life in both heave and bending should also be checked and monitored.

Some methods of reducing the dynamic loading are available. The damping can be
increased by the addition of rubbers along the length of the drill string. However, so
much damping is required to reduce the dynamic loading that it is only the long drill
strings which have sufficient damping. A second method of reducing dynamic loading is
by the use of a heave compensator. A computer plot resulting from a run of the
HEAVE program for a 20,000 foot drill string with heave compensator is shown in Fig-
ure 56. The three peaks represent the heave resonances of the drill string, or a portion
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thereof, (3-4 sec) and the heave resonance of the compensator-drill string combined sys-
tem (21 sec). Each of the resonant periods fall outside the range of maximum ocean
energy that was shown in Figure 49. There are times, even when the heave compensa-
tor is being used, that it must be locked out, e.g., to add a section of drill pipe. There-
fore, the heave compensator does not necessarily lessen the dynamic load on the drill
string, but it can lessen the time that the string is subjected to relatively high dynamic
loading, and thereby help to increase the fatigue life. A third method of reducing the
dynamic loading on the drill string is by using a mixed string. Figure 57 is a plot from
a run of the HEAVE program for a 30,000 foot tapered, mixed string. By comparing
with Figure 51 for a 30,000 foot tapered steel string, it can be seen that the fundamental
resonant heave period has been lowered from 7.9 sec for the steel string to 3.3 sec for the
mixed string. This lowering of the resonant period below the high energy band of the
ocean will aid in reducing dynamic loading.
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CONCLUSIONS

Two types of systems have been described in this report - the computer models of the
drill string (HEAVE and BEND) which calculate stresses and displacements, and the
instrumentation systems (IDSS, SMDS, DBMI) which measure stresses and displace-
ments. A computer model is needed to make predictions of results, especially under
conditions which have not as yet been encountered during operations at sea. On the
other hand, instrumented systems are necessary so that results obtained from them dur-
ing actual operations may be used as a check on, or validation of, the computer results.

The results of each system are used to refine the other.

Tension data, i.e., stress at the top of the drill string as measured by the IDSS, agreed
fairly well with that calculated by the HEAVE model. Much of the measured tension
data was cluttered with electrical noise, but where the data was reasonable it was usu-
ally within about 5 percent of the computer prediction. The hookload measurement
from the SMDS was also in good agreement after taking off the weight of any running
gear such as the travelling block, the Bowen power sub, or the heave compensator. Due
to lack of synchronization it was not possible to determine the angle of pitch or roll at
any point along the bending stress record. The portion of the drill string in contact
with the guide shoe is dependent upon the pitch or roll angle. If the strain gaged por-
tion of the instrumented sub is bent in full contact with the guide shoe the strain gages
will show the maximum bending stress corresponding to the length of drill string. Oth-
erwise, the bending stress will be less than the maximum, which is the case as seen in
Table 3. The torsion stress is not calculated in the HEAVE or BEND program, and
therefore no comparisons were made with the values measured by the IDSS. The tor-
sional yield strength of the S-135 pipe material corresponds to a torque of 74,000 ft-lbs.
The maximum torque, as recorded on the TOTCO recorder at the rig floor, was usually
no greater than 12,000 ft-1bs.

The ship heave, as measured by the SMDS system was usually greater (by as much as a
factor of 2) than that resulting from the HEAVE model. One explanation of this
discrepancy may lie in the reporting of the wave height, which is later used in the
HEAVE model, during an instrumented run. The wave height was estimated from
visual observation which may tend to under-estimate longer period larger waves or
swell. Another reason for the discrepancy may be the method of arriving at the ship
heave from the SMDS record. The heave was measured as acceleration and converted
to displacement by using a/w? where a is an average value of the acceleration and w is
the frequency - found from an average period on the record. This method is adequate
for a harmonic function, but may not give accurate results for a random situation such
as the heave record. Double integration of the acceleration record has been attempted,
but the results were in doubt since no definitive initial conditions could be established.
Pitch and roll angle are not calculated in the computer model. Consequently no com-
parison is made with the pitch and roll data from the SMDS.

The bottom portion of the drill string was usually outfitted with bumper subs. These
functioned as heave compensators so that, during drilling, the drill bit was protected
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from periodic impacts with the bottom due to the heave motion of the ship. The DBMI
data was generally taken with the string free-hanging, i.e., lifted off the bottom in a
non-drilling mode. The bumper subs were then stroked out, and the heave motion of
the drill bit was the same as it would be without bumper subs. This motion, as meas-
ured and recorded by the DBMI, can then be compared with the corresponding motion
calculated in the HEAVE computer model. The comparison as seen in Table 3 shows
good agreement. Here, also, the DBMI data was taken as acceleration and was con-
verted to displacement in the same fashion as for the ship heave data.

Generally noisy data and lack of synchronization prevented any cross spectral analysis
of the measured data. However the portions of good data, although not usually long
enough to permit adequate spectral analysis, have supplied valuable information as to
the magnitudes of various parameters. Also, the comparison of the measured data with
the results of the computer model have given added assurance that the model is valid as
a predictive tool.
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COMMENTS

The experience gained from years of working with the drill string computer models and
the instrumented systems at the Deep Sea Drilling Project has revealed many areas
which could be improved. Some of these are listed below:

1)

4)

Stress concentration in IDSS

In the existing IDSS the strain gages are attached to the outside of the pipe
and the electrical leads are run to the inside by means of a feed-thru tube (see
Figures 16 and 17). This creates a stress concentration region in the wall of
the drill pipe. The feed-thru tube could be eliminated by installing the gages
on the inside of the pipe. The gages would thus be more protected against
mishandling, but they would need to be covered adequately to prevent damage
or leakage because of the water flow down the pipe.

Real time readout from IDSS

A capability for real time readout from the IDSS, possibly in addition to the
self contained recorder, would be very desirable so that on-the-spot informa-
tion could be seen and on-the-spot decisions made. This would require a slip
ring assembly if the drill string were to be rotated during the time of the meas-
urement. However many useful measurements could be made without rotating
the string; i.e., with the string free hanging and not drilling. The real time
reader could be plugged into the IDSS, readings obtained for a few minutes,
then unplugged, and drilling resumed.

Quick-look for IDSS

The data from the SMDS was displayed on strip chart as well as being
recorded on magnetic tape. The chart recording allowed a quick-look at the
ship motion and hook load. A similar arrangement would be useful for the
IDSS where the data could be displayed in graphical form, either on strip
chart or on a CRT. The present system can be interrogated for data, but the
data is printed out as columns of numbers which must then be scanned visu-
ally if maxima are to be discerned. A quick-look graphical display would more
clearly, and more quickly, show any maxima.

Synchronization of instrumented systems

When the instrumented systems were being developed it was the intent to
have them all synchronized in time. To a certain extent this was achieved - a
time delay was set in the DBMI before it was dropped down the drill pipe, the
IDSS was set to start at the same time as the DBMI, and the SMDS recording
was started when both the DBMI and IDSS were due to start. This produced
concurrent data from each of the systems, but not really synchronized data
because the start times for the systems were not exactly the same. For this
reason, and also because of noise in the data, it was not possible to perform
cross spectral analyses. The best method of obtaining synchronization of the
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6)

7)

data is by a master timing signal that is introduced into the data of all three
(or more) systems. This could be done easily with the SMDS, not so easily
with the IDSS, and with much difficulty with the DBMI. If a plug and unplug
method, such as mentioned in the real time readout, were used with the IDSS
then a master timing signal could be entered into the data. For the DBMI an
electrical lead could be run down to the bottom of the drill string (Ref. 17).
However this is expensive and time consuming and must be considered relative
to the worth of the data to be obtained. Other methods are available for
transmitting data from downhole sensors and one should consult the literature
on measurements -while-drilling (MWD).

Electronic integrity

It was mentioned previously that much of the IDSS data contained electrical
noise. It is believed that the noise originated within the electronics package,
and not externally, since the package, being inside the drill pipe, is well
shielded from electro-magnetic radiation such as radio waves. In future
developments of similar packages a concerted effort should be made to assure
that this noise is eliminated. A thorough shock and vibration analysis should
be done and, after the unit is built, a shock and vibration test should be con-
ducted.

Wave measurements

The Pierson-Moskowitz (P-M) sea spectrum has been used in the HEAVE pro-
gram as the input excitation. The comment has previously been made that
the P-M spectrum may not be truly representative of all the oceans of the
world at all times of the year. Actual measurement of the wave spectrum in
an operating area would be useful for later analysis of data from the instru-
mented systems. Equipment is available for obtaining such spectra. Wave
riding buoys which contain an accelerometer have been used for this purpose.
The wave data can be stored within the buoy for later readout or it can be
transmitted, by telemetry or hard wire, to a receiving and recording station on
the ship. The buoy is usually attached by a long tether to the ship so that the
buoy is free to move up and down with the waves, but yet it does not drift
away and can be recovered when desired. Some of the wave buoys are set up
to measure not only vertical acceleration of the waves, but also the directional-
ity of the waves. If a wave spectrum is measured during a particular operation
where the instrumented systems are deployed then the spectrum can be used
in the computer model in place of the P-M spectrum when simulating the run.

Fatigue Life

Experience of DSDP has shown that the fatigue life, as calculated in the
HEAVE and BEND programs, is very conservative. This is in agreement with
Figure 8 showing the calculated fatigue curves for the steel drill pipe to be
more conservative than the results of full scale fatigue tests by Rollins. The
calculated fatigue curve for aluminum drill pipe (See Fig. 9) appears to also
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be conservative especially for low values (< 10 ksi) of alternating stress which
is the more typical situation. The 3-parameter fatigue equation has been dis-
cussed and preliminary runs indicate that it gives more reasonable values of
fatigue life for aluminum drill pipe than does the 2-parameter equation. More
work needs to be done in refining the equation or equations to be used in the
computer model for fatigue life.

Also, a methodical system for maintaining a log of the usage of each joint of
drill pipe should be devised. This may, and probably will, necessitate the use
of some type of magnetic bar code identification on each joint. This code
could be scanned as the pipe is put into, or taken out of, service and the log
updated. Much of the scanning, processing and updating of the data could be
handled by computer. As fatigue hours accumulate on a particular joint of
pipe at the top of the string, the joint would be moved to a position lower in
the string on a subsequent deployment.

More work should also be done in the area of fatigue testing. Specimens cut
from drill pipe often exhibit a higher fatigue life than the pipe itself. Fatigue
tests should be conducted on the full scale pipe and various stress levels should
be used so that the fatigue curve can be defined. If possible, the tests should
be run in ocean water, or at least on joints of pipe that have been in the
ocean.

Combined stress

This report has described two computer programs used to find stresses in the
drill string - HEAVE which calculates the static and dynamic heave stresses
and BEND which calculates the bending stress. Equation A9 of Appendix A
shows these three stresses plus an additional stress, usually called the principal
stress, produced by the pumping pressure. All of these stresses may act con-
currently and are therefore additive. It would be convenient to have the two
programs combined into one and include the principal stress and any assumed
overpull so that the output, while showing the separate stresses, would also
show the overall total stress.
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x = Input Amplitude (single amplitudes
are used throughout)

H  (w) = Ship Transfer Function (RAO)

Xo= Input to Heave Compensator = xH_ (w)
[H, (w) = 1 when input option to strmg

l + is used]
| I X
|
J— (n - 1) elements represent the drill string
o X with a point mass m, at the bottom.
The computer program is written for a drill
string made up of element groups (number of

groups = NUMEG), the elements of a group have
‘* the same properties,i.e., weight. length, area,
3 Young’s modulus, etc.

| oo

€s3 Program dimensions are set for:
ANNNNNNNNY

1 € NUMEG < 10

1 = n < 75

FIGURE 1
LUMPED PARAMETER MODEL OF DRILL STRING
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FIGURE 3.
GLOMAR CHALLENGER HEAVE RESPONSE
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FIGURE 4

GLOMAR CHALLENGER PITCH RESPONSE
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-50-

- N
0 2014-T6

i

0

T

62



+——- NO TENSION, N = (—%—)"‘

i
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% N N g X
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.\‘

ROLLINS (REF.9)
(NO TENSION)

=

N= FATIGUE LIFE (CYCLES)

Oi= STATIC STRESS (KSI)

a= ALTERNATING STRESS (KSI)

&= ULTIMATE TENSILE STRENGTH (KS1)
"= GAMMA FUNCTION

B=992

m=3.82

HOURS OF HEAVE FATIGUE LIFE AVAILABLE=N 7

-
6 |242x 108
9 |272x 103
12[3.17 x 103
15(3.26 x 10
18]3.49x 1
7.7D _HRS

1800V  CYCLE

D = VERTICAL DISPLACEMENT OF TOP OF PIPE (FT)

V = VERTICAL VELOCITY OF TOP OF PIPE (FT/SEC)

i H = SIGNIFICANT WAVE HEIGHT (FT)
-\ '
—_—..
e
= —
:‘:"":_-‘_-":::-. - H“"""-—-—-—-.. :
500 450 400 500 450 400
_ T = STATIC: TENSION (KLBS)
o i e 1 1 L J
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N
FIGURE 8

FATIGUE LIFE OF S-135 DRILL PIPE
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FIGURE 9 _
FATIGUE LIFE OF ALUMINUM DRILL PIPE
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TOOL

JOINTS GUIDE SHOE

o
STANDARD SPACING

OF TOOL JOINTS (30 FT)

SHORT SPACING OF
TOOL JOINTS,KNOBS,

OR RUBBERS

400,000 LBS.
400,000LBS

FIGURE 10
DRILL STRING IN GUIDE SHOE
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SPACING OF RUBBERS (FT)

25

20

15

10

BASED ON: 90% YIELD, BHA = 40,000 LBS
NO RUBBERS

5-INCH, S-135,
195 LBS/FT

5-INCH, 2014-T6 (ADP)

13.2LBS/FT
NO.OF RUBBERS PER— 1
JOINT OF PIPE
2
3
4 T
5
6
7
| | 1 1 1
5 10 15 20 25

DRILL STRING LENGTH (KFT)

FIGURE 11
RUBBER SPACING VS DRILL STRING LENGTH
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20.0
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30.0
20.0
15.0
5-INCH STEEL, 19.5 LBS/FT
10.0 BOTTOM 8000 FT OF STRING CAN
9.0 BE PUT OUT WITHOUT RUBBERS
8.0
: 7.0
/ 6.0
— 5.0
4/ -4
12 16 20 24 KFT
T . T . i ot T 1
20.0 30.0 40.0 50.0 60.0 70.0 FIGURE 12

EFFECT OF RUBBER SPACING ON
BENDING STRESS IN DRILL STRING
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FIGURE 13

. EFFECT OF RUBBER SPACING
ON HEAVE STRESS IN DRILL STRING
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FIGURE 14
GUIDE SHOE AND PICALO SYSTEM




SHIP MOTION
DATA SYSTEM

PITCH
ROLL
HOOKLOAD

TENSION
BENDING
TORQUE

INSTRUMENTED
DRILL STRING suB

HEAVE
(ACCELERATION)

DRILL BIT MOTION
INSTRUMENT

FIGURE 15
DRILL STRING DATA SYSTEM
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— STRAIN GAGED
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»~— CONDUIT
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RECORDING PACKAGE

/— DRILL PIPE
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23
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N T SN ~ SN e

_69 P

WEIGHT: 700 LBS POLYURETHANE JACKET

FIGURE 16
INSTRUMENTED DRILL PIPE ASSEMBLY
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- 6.25 FT.

10 IN. SUB 5% IF TO5% IF

/ HEAVY WALL PIPE

RECORDING PACKAGE

— STRAIN GAGED
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FIGURE 17

INSTRUMENTED HEAVY WALL PIPE ASSEMBLY
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POLYURETHANE JACKET
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FIGURE 18
STRAIN GAGE LAYOUT FOR IDSS

MARKED ON PIPE, O° IS AT CONDUIT PENETRATION (SEE FIG. 16)
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Bending 0° (Primary)
Bending 90° (Primary)
Torsion (Primary)
Tension (Secondary)
Bending 0° (Secondary)
Bending 90° (Secondary)
Torsion (Secondary)
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POUNDS *10*
: 40,0 50,0

MTENS

89/4620R04

RUN NO.
RUN
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FIGURE 19
TENSION DATA FROM IDSS
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| e
DRILL PIPE ROTATION
(40 RPM)
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8 SEC
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TIME (SECONDS x 10)

FIGURE 20
BENDING DATA FROM IDSS
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FIGURE 21

TORQUE DATA FROM IDSS
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FIGURE 22
POWER SPECTRUM OF BENDING STRESS
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FIGURE 23
POWER SPECTRUM OF TENSION DATA
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SHIP HEAVE POWER SPECTRAL DENSITY
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FIGURE 25
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DATA FROM FILE SHIPDATA/B1/553RAS0D3/ENG.
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FIGURE 26
DATA FROM DBMI
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FIGURE 27

JERK LOAD SIGNAL FROM DBMI
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MONITOR LABS

9400
DATA ACQUISITION
CONTROL KENNEDY 9832
INCREMENTAL
TAPE RECORDER
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REFERENCE I-_ -
SAO 9 _/.‘ . HEAVE !Inlu!l.l T b v il D i
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q I i 1 ! . )
R i PITCH = £ /
A 5 = =2 é
=
REGULATED PANEL STRIP HOOKLOAD
POWER DISPLAY CHART SENSOR
SUPPLY RECORDER
(28 VDC)

FIGURE 28
SHIP MOTION DATA SYSTEM (SMDS)
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FIGURE 29

HEAVE DATA FROM SMDS
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FIGURE 30
POWER SPECTRUM OF HEAVE DATA
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FIGURE 31
PITCH DATA FROM SMDS
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FIGURE 32
ROLL DATA FROM SMDS
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FIGURE 33
HOOKLOAD DATA FROM SMDS
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RUN ID# 1368

GAOUP  LENGTH (FT)  #ELEMENTS RUBBER SPACING (FT) PIPE TYPE

1 5000.0 10 7.0 10= 5.50 ST. API

2 5000.0 10 7.0 1=5 ST.» PREM API

3 5000.0 10 7.0 1=5 ST.» PREM API

4 5000.0 10 7.0 2=ALUHMINUM» NEW

5 5000.0 10 1.0 2=ALUMINUMs HEU

6 5000.0 10 7.0 4=5 ST. S0%-UL API
H.Ca TYPE =HNONE H.C. DRMPING = 2100 BOT ASSY UT = 40000
BOT ASSY DIAM = 0.867 DS END ATTACH =FREELY SUSPENDED INPUT LOCTN =TO SHIP
INPUT TYPE =RRHDOM SER SIG UHAVE HT = 6 # INT STEPS = 40
HYDRO DAMPG =VELOCITY DEPENDENT SHIP X-FCN =45 OFF 80U PIERSON/MOSKOUI TZ.
H.C. SPRING RATE = 0.005 HELT GAPS = 6 BOT-GRAND SPRING RATE = O
HYDRO DAMP IN HOLE = O =0 ADDED BOTTOM MASS = O
ADDED MASS FACTOR FOR JOINTS = 1.M4% = 0 =0

X-AXIS: ELEMENT DEPTH (FT) F90M 0.00 TO 0.00 BY 0.00

CURVE INDEX: UAVE HEIGHT (FT)  VALUES 6.00 9.00 12,00  15.00 18.00
PLOT # 1« RHPLITUDE (FT) (11

PLOT # 2: VELOCITY (FT/SEC) (2]

PLOT # 3« DYNAMIC STRESS (LB/SQIN) [3]

PLOT # Y4: FATIGUE LIFE (LOG HRS) [4]

PLOT # S: TOTAL STRESS (LB/SQIN) [5]

FIGURE 35
COMPUTER SETUP FOR 30,000 FT DRILL STRING
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AMPLITUDE (FT)
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RUN #1368 (10/10/83 11:47:13)
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=00
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X030+

e
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FIGURE 36
AMPLITUDE OF DISPLACEMENT OF DRILL STRING
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VELOCITY (FT/SEC)

4,0

L

3.0

24

ELEMENT DE

RUN #1368 (10/10/83

WAVE HEIGHT (FT)

XeBDP+

11:47:13)

FIGURE 37
AMPLITUDE OF VELOCITY OF DRILL STRING
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+ 6.00
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U] 12.00
o 15.00
X 18.00
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FIGURE 38
DYNAMIC STRESS IN DRILL STRING

.0.0 5 30.0
FE %105



_ZS_

TOTAL STRESS (LB/SAIN) =103
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WAVE HEIGHT C(FT)
6.00

Xe@ED>+
P et et
[saldp|\S]&e]
oo
oot

PREMIUM 50 IN. DIA STEEL

FIGURE 39
TOTAL STRESS IN DRILL STRING
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FIGURE 40
FATIGUE LIFE OF DRILL STRING
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TOP TOTAL STRESS VS DRILL STRING LENGTH
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Xk
A = amplification factor ==

X = amplitude of heave displacement

k = spring constant

F = constant force (weight of drill string in water)
n= frequency ratio = f/f

f = forcing frequency

f, = natural (resonant) frequency

€= damping factor

FIGURE 52
EFFECT OF DAMPING ON HEAVE DISPLACEMENT
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TABLE 1 - IDSS SCALING FACTORS

i | PRIMARY | SECONDARY |

RCAL RCAL

HEAVY WALL SUB

TENS (KLBS) 425,57 392.66

BNDA (KFT-LBS) 35.36 $6.01

BNDB (KFT-LBS) 35.23 35.79

TORQ (KFT-LBS) 18.88 18.87
STANDARD PIPE SUB*

TENS (KLBS) 256.60 240.90

BNDA (KFT-LBS) 20.53 19.72

BNDB (KFT-LBS) 20.81 20.08

TORQ (KFT-LBS) 10.35 9.85

* Standard pipe sub was taken out of service in June 1982 due to malfunctions of the strain gages.
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TABLE 2 - DATA FROM INSTRUMENTED SYSTEMS

TENS[BNDA [BNDB | TORQ | TENSP|BNDAP [BNDBP [ TORQP [ ROLL | PITCH [ HEAVE | HKLD|DBMI [ WAVE] WAVE] PIPE
LEG | RUN KLB | KFT-LB| KFT-LB| KFT-LB{ KLB |KFT-LB|KFT-LB| FT-LB | DEG | DEG | FT KLB | FT HT |PER |L
FT | SEC | KFT
81 | 552101 | ND |ND ND ND ND |ND ND ND BD BD BD 238 |ND & |7 9.0
553AS03 | BD (8.5 |8.5 |8.0 [200 |[12.0 |BD X .32 +1.35(9.70 |210 |*f.05%|4 |7 |9.2
553AS04 | ND |ND ND ND ND  |ND ND ND X X 14.6 |280 |*.16%|8 [8 [9.7
553A505 | BD |BD BD BD BD |BD BD BD 2.6 | 2.0 |17.8 |248 [ND 7 |7 9.9
~0.30 1 -1.20
83 | 504BRO1 | BD |BD BD BD BD |BD BD BD 41,35 | 20,37 [ 3-90 | 254 |BD 4 |6 |11.3
504BRO2 | BD |BD BD BD BD |BD BD BD X X X 248 |+.87 |5 |7 |11.3
504BR03 | BD |BD 5.0 |BD BD |BD BD BD X X 1.70 |250 |*+.79 |5 |6 [11.3
-0.20 | -1.50
504BRO4 | 250 |BD BD BD 250 |BD BD BD 41,70 | +0.25 | 3-70 |248 |ND 4 |6 [11.3
504BRO5 | BD |BD 2.0 |BD BD |BD BD BD X X 4.70 |257 |ND 6 |5 [11.3
504BRO6 | ND | ND ND ND ND |ND ND ND X X X 255 |ND 3 |6 [11.3
-0.05 | -0.15 +
84 | 5650R01 | BD |BD 2.0 |BD BD |8.2 |BD BD 2091 | 2120310 |230 |t.44 3 |5 ]10.2
8o | sssorot (B0 [Bo (B0 {8.0 |eo [eo  [eo [eo |F}:7 [*3:3 [7.4 fwo | |4 |7 |23.0
sgsor02 | B0 6.0 (5.6 [2.0 [eo fe.0 [5.7 e.s [FB |20 040l e 6 |7 [a1.0
462004 [610 (B0 |BD |5.0 B0 |B0 |eo [Bp |F}:ER|f)cg |46 |sso | |3 |6 [21.0
462005 | 302 (o [B0 B0 [410 [eo [Bo [eo [*1*] [ep |35 [as0 [0 |3 [6 [17.0
TENS Tension (Primary) TENSP Tension (Secondary) HKLD Hookload
BNDA Bending A (Primary) BNDAP Bending A (Secondary) ND No Data Taken
BNDB Bending B (Primary) BNDBP Bending B (Secondary) BD Bad Data
TORQ Torque (Primary) TORQP Torque (Secondary) X Data OK - Plot not made

* During Drilling

HEAVE and WAVE HT values are peak-to-peak




TABLE 3 - COMPARISON OF VALUES

[LEG CHANNEL | INSTRUMENTS | COMPUTER |

81 HKLD (KLBS) | 210.0 | 208.8
DBMI (FT) +0.48 +0.35
BND (KSI) +20.0 +23.0
HEAVE (FT, P-P) 1.94 1.08

83 HKLD (KLBS) 254.0 257.0
DBMI (FT) +0.82 +0.7¢
BND (KSI) +10.5 +23.5
HEAVE (FT, P-P) 2.00 1.08

84 HKLD (KLBS) 230.0 238.7
DBMI (FT) +0.56 +0.5%
BND (KSI) +19.3 +28.3
HEAVE (FT, P-P) 0.62 1.00

**

89 HKLD (KLBS) 550.0,, 492.0
TENS (KLBS) 610.0 492.0
BND (KSI) +6.45 +12.26
HEAVE (FT, P-P) 1.86 1.08

*
Hand calculated values of maximum possible bending stress

k&
Unusually high dynamic loading observed on Leg 89 is discussed in this report
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TABLE 4 - DRILL PIPE PROPERTIES

Material
Weight in air (Ibs/ft)

Weight in sea water (lbs/ft
Young’s modulus (psi x 107)

Ultimate strength (ksi)
Yield strength (ksi)
Outer diameter (in)
Inner diameter (in)
Wall thickness (in)
Cross section area (in“)
Moment of inertia (in4)

S-135
21.6
18.8
30.0
159.3
135.0
5.000
4.276
.362
5.272
14.269

26.7
23.2
30.0
159.3
135.0
5.500
4.670
415
6.626
21.571

13.2
9.2
10.0
64.0
58.0
5.150
4.100
.525
7.628
20.659

| S-135 | 2014-T6 |

]
|
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TABLE 5 - CONFIGURATIONS OF 30,000 FOOT DRILL STRINGS

(INCLUDING BENDING STRESS; 40,000-LB BHA; 7-FT RUBBER SPACING)

(100K OVERPULL)

PVIAT’L OD | ID | AREA NOM WET LENGTH | % OF TOTAL COMMENT
WT WT STAT WT
(¥) | (N) | (%) | (LBS/FT) | (LBS/FT) | (KFT) | YIELD | (KLBS)
$-135 | 5.50 | 4.670 | 6.63 24.70 23.17 12 93 656 N
§-135 | 5.00 | 4.276 | 5.27 19.50 18.8 18
> Picalo
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 10 87 460
ADP | 5.15 | 4.100 | 7.63 13.20 9.2 15
§-135 | 5.00 | 4.276 | 5.27 19.50 18.8 5 >
<
8-135 | 5.75 | 4.500 | 10.06 39.43 37.8 2.110 79 740 )
$-135 | 5.50 | 4.374 | 8.73 34.74 33.3 4.840 Non
S-135 | 5.25 | 4.374 | 6.62 26.11 25.1 6.140 (API
$-135 | 5.00 | 4.374 | 4.61 18.84 18.1 16.910
> Mohole
S-135 | 5.50 | 4.670 | 6.63 24.70 23.17 5.029 91 562 ~ i
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 4.228
S-135 | 5.00 | 4.408 | 4.37 16.25 15.7 20.743
API
§-135 | 5.00 | 4.00 7.07 25.60 24.7 6.173 88 579
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 4.061 .
S-135 | 5.00 | 4.408 | 4.37 16.25 15.7 19.766 W,
S-135 | 5.50 | 4.670 | 6.63 24.70 23.17 5 88 515
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 10
ADP | 5.15 | 4.100 | 7.63 13.20 9.2 10
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 5
S-135 | 5.50 | 4.670 | 6.63 24.70 23.17 5.5 89 532
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 8.0
S-135 | 4.50 | 3.958 | 3.60 13.75 13.0 16.5
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 9.5 88 407
ADP | 5.5 | 4.100 | 7.63 13.20 9.2 20.5 ADP into bottom
S-135 | 5.00 | 4.125 | 6.27 26.20 22.2 3.8 91 540 <6 ° Roll
S-135 | 5.00 | 4.276 | 5.27 19.50 18.8 14.0
ADP | 5.15 | 4.100 | 7.62 13.20 9.2 8.0
$-135 | 5.00 | 4.276 | 5.27 19.50 18.8 4.2
$-135 | 5.00 | 4.000 | 7.07 25.6 24.7 6.5 90 643 < 4° Roll
S-135 | 5.00 | 4.276 | 5.27 19.5 18.8 23.5
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APPENDIX A

COMBINED STRESSES IN DRILL PIPE
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Neglecting the minor current-induced stresses, the component stresses which may exist
in the drill pipe are as follows:

UIIJ: T (Al)
v, = PA_A (A2)
R
7y = (A3)
o= EDC| _KI | p_ VW (A4)
b 2 tanhKl T
o= 22 (A5)
i 1/2
@dome= (2 [ S0 @) H, (@) | TRy, (@) 2d (46)

where

o, = azial stress due to static weight
o, = azial stress due to pumping pressure (principal stress)
o = hoop stress due to pumping pressure
o, = mazimum bending stress due to pitch and roll of ship and also
due to ship offset from directly above drill site
o, = torsional stress due to rotation of pipe while drilling
(¢)yms = root mean square value of alternating azial stress
due to heave motion of ship caused by wave action
W = static weight (in sea water) of that portion of drill string below point being considered
A; = pipe wall cross sectional area

P = pumping pressure
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A = area corresponding to 1.D. of pipe
R, = mean radius of pipe
t = wall thickness of pipe
E = modulus of elasticity of pipe material
D = 0.D. of pipe
= Curvature of guide shoe
I = moment of inertia of pipe wall cross sectional area
[ = half spacing of rubbers or tool joints
= lorque applied while drilling
¢, (w) = power spectral density of sea
H, (w) = transfer function of ship
TR;, (w) = relative displacement transmissiblity with respect to input
L = length of drill string below point being considered

w = circular frequency

The evaluation of the integral in equation A6 to find (o,),,, is part of the HEAVE pro-
gram. The combined stresses are given by (Ref. 11):

[ e + : + ) yme —
o= w a,—}—a&z (2i)maton i\/l"'w 0P+05;(Gl)m JH]2+0? (A7)

+ 0, + 04+ (03)ms —
gt n ,\/ [O'w o, 052 (0':)rml 0'#]2_+_E? (AS)

where
o, = normal stress

o, = shear stress

In the actual application of the combined stress equations, little difference (.15 percent)
is found by using the full equation for o, or using the simpler expression

Opn= 0yt Ty + o+ (al‘)rm (Ag)
and therefore the simple expression is most often used. The maximum value of torque

used by DSDP has been around 12,000 ft-lbs which, even for long drill strings (20,000
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ft), gives a value for ¢, of approximately 50,000 psi which is about 65 percent of the tor-
sional yield strength of the S-135 pipe material.
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APPENDIX B

EQUATIONS OF MOTION
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The complex transmissibility analysis presented below solves equations 1 for the abso-
lute transmissibility, i.e., the amplitude of the ith element with respect to the input
(top) point, and the relative transmissibility from which element strains are obtained.
Element velocities in the deterministic case are obtained from the input amplitude and
frequency using the absolute transmissibility. Dynamic forces and stresses in the deter-
ministic case are directly related to the element properties and the relative transmissibil-
ity. Root-mean-square (rms) values of string response are found using the absolute and
relative transmissibilities together with the vessel transfer function and the power spec-

tral density of the sea.

Steady State Response Analysis - Harmonic Input

Assume a solution of the form

where

j=v-1

Substituting equations B1 and B2 into equations 1 gives

0= —muw?s + (¢ + 4+ cy)jwz — fwepty — Jweyz
+ (ky + k)7 — bz — b2y

0= 'm2W25°2 + (€2 + € + C)jwmy — Jwegdy — JwenTy

+ (b + k)2 — bz — kyz

0= —mw?s, + (¢;+ €y + €)I0T; — W€y Ty — JWCyTiy

+ (koy + Kz — kym g — kizi
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0= _mnwzzn + (cn + Cm—l)jwzn - J.wcm—lz -1 (BG)
+ (kg + ky)zn — k3 2y

From equation B6, the ratio = can be found
Tn-1
Tn = .f“)cm—l + k —1 (BT)
Tn-1 j‘"(cn + cm—l) + kn—l =+ kn = mnwz
From equation B5
5 _ Jw €4y + kiy (BS8)
H-1 . . Zit1
{Jw(c,- + o1t €) + ki + ki - m,w% G (J‘-ﬁ”—‘si + k:)‘f—
]
fori= 1ton—1where cy= ¢, and ky = k. (B9)
Define absolute transmissibility of point i with respect to point i - 1 as
TA;y = & e A; + jB; (A; is not the area A)) (B10)
Ti1

Note that by starting with equation B7 and working up the string, all the T4;; , can be
written in terms of the m,c;c,,and k. To evaluate the T4, , let

ay =t jﬁs

Piiga § = et
s G g 72

(B11)
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Thus

I- _ oy - lgsAi
i+ A

B — ad\

B":
7 + &

where

a;= kg (k=k)
Bi= Wi (Cw = C)

— 2 A
Vi= kg + k- mw® — KAy, + weBiyy

A= “{“-‘;‘ T Gy + €y (1 - ‘Ti-l-l))_ kiBi1

for i= 1 to n where ¢,, = A, = Boyy = 0.

The absolute transmissibility with respect to the input (top) point is

Tap= 2= T 2= T (&, +B) = %+ X,

=1 I, 4 =1
where

¥, = 4, and X, = B,
U, = ¥, 4; - Xi1B;
Xi= X214+ ¥, B;

for i= 2 ton.

The transmissibility amplitude is then

| TAlio= v/ 97 + X

and
|z) = |z | TA:p
|z} = |2z w|TA o
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with phase angle

X;
8 = tan‘{ﬂ (with respect to the input, z;) (B24)

Stresses are obtained from a consideration of the relative motion of the masses. Define
the relative displacement as

R, =14y — % (B25)
and the relative transmissibility as
TR, = zR; = BT (B26)
Z Z;
fori=0ton-1.
Then
TR{ = TA"+1‘,' -1 (B27)
= (A — 1) + 7Bin (B28)

fori=0ton-1.

The relative transmissibility with respect to the input (top) is

TR, = Gin= % _pp TAi (B29)
o
TR, = {(Z,.+l = Pk jB,-,,} (tp,- 4 ;'X,.) (B30)
- WR, + jXR; (B31)
where
UR; = (A — 1)¥; — By X; (B32)
XR; = (A;q — 1)X; + By ¥, (B33)
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Then

| TR o = \/ VR + XR? (B34)

The dynamic force on the heave compensator is given by

|F = kja+/ (4 - 1)° + B} (B36)

The dynamic stress in the ith element is

(B37)

where

A; = pipe wall cross sectional area

Response in a Random Sea

The displacement, velocity, and dynamic stress in the drill pipe in a random sea
environment are

Wy 172
(2 rme = [2 [ 6 uulw) | Hofw)|? | TAW) 0 (B38)
%
(£ me = |2 f 8 u(w)w? | Hw)|? | TA(w)| Zodw (B39)
1. 5 2
(09, = —2 f 8 u(w) | Hyw)|? | TR(w) 2odw (B40)
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where
H, (w) = transfer function of ship

¢ .s(w) = Power spectral density of sea
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APPENDIX C

® HEAVE COMPENSATOR
®STRUCTURAL DAMPING

® ADDED MASS
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HEAVE COMPENSATOR

No Heave Compensation

The spring rate of the heave compensator is set to 109 Ib/ft which is greater than 100

times the spring rate of a 30 ft length of steel drill pipe.

Passive Heave Compensation

For adiabatic conditions (no heat transferred)

AL _ v 1.2_1
L V- KAz

where
AL = Load variation
L = Load = weight of string in sea water
V = Volume of accumulator at midstroke

K = Accumulator piston area, air side/ accumulator area,fluid side

A,

Area fluid side, compensator
z= Stroke = zy—z,
For KA, z<<V

-1.2
AL KA KA
T:[l_ = —4z1+1.2—‘z—1

AL KAz
— =1.2
L v
AL KA,
—_— ]2 —
Lz |4
KA
AL = kz, k= Al aa—"p
z Vv

For the compensation system aboard the GLOMAR
KA
1.2—V—‘ = 0.005 (FT1).
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Active Heave Compensation

Active mode data shows AL ~ 2500 1b up to 12 foot heave amplitude.

Assume AL in phase with x

2500 = k, (zp — 7,)
k= 2500
(-"30 = 11)
. 2500

k= ——

o

(C4)

The value of AL is output, and the approximation for kh should be checked (AL should

be near 2500 1b).

STRUCTURAL DAMPING

The structural damping force is

Fp= ¢, (%1 — %)
Let

Zy — Z; = Bwcoswt
where

B = Amplitude of (z;,; — z,)
Energy dissipated/cycle = AE

= f ¢y (241 — %) dz = ’T-‘-‘siﬂzw
cycle

Maximum energy in a cycle is

.B®
B - 5B
2
So
AE w
& - e

(C3)

(ce)

(C7)



=y 2:; %;‘E_ R
For small damping
-AEﬁzza (C9)
where
6 = log decrement ~ % (C10)

(AB = Decrease in amplitude / cycle)

Percent damping is

Thus

i i ' (C11)

For the S-135 steel drill pipe PD =~ 0.5.

ADDED MASS

Rubber or Tool Joint

The added mass due to a rubber or tool joint is

m, = kmp%(D% - D} ! (C12)

where

1l

p = mass density of sea water = 2 lb—sec® / ft*

D,

Il

diameter of tool joint or rubber

D, = pipe diameter
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Equating equation C12 to equation 13 yields

k, = 1.44

m

which is used in the computer model.

Bottom Hole Assembly (BHA)

The added mass due to the BHA is

where

D = diameter of BHA
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APPENDIX D

FATIGUE LIFE
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Random input to a resonant system produces a probability density of the maxima of the
envelope of oscillations or stresses given by the Rayleigh distribution

2
Ple<o <o + do) = P,do = ex{— 2: _do_ (D1)

2
rms| O rmg

where P_do = the probability that the minimum stress envelope o__ lies between o
and ¢ + do, and arms = the root mean square stress amplitude. The probability that
Tt is greater than n times o - is then

F(orm>na,,,9 = I P,do = ex;{_;z) (D2)

Equation D2 indicates that 12.5% of the stress maxima will be greater than twice o ,

: ms
1.1% will be greater than three times B il and 0.034% will be greater than four times
-~ The fatigue life in the random loa!.]ésing case must take into account the distribu-
tion of stress amplitudes, and the high stress amplitudes have a much more significant

effect on fatigue life than the more frequent low stress amplitudes.

The fatigue life analysis used in the heave dynamics program assumes that fatigue dam-
age accumulates linearly (Miner’s rule), so that the fraction R of fatigue life expended
after n cycles is

R P,(0)do

S A T

(D3)

Failure occurs at R = 1, so from equation D3 setting n = N and R = 1 there results

N S— (D4)
* P,(0)do ;

N(e)

Using equation 15 and D1 in equation D4 and performing the integration gives

KB\"
afm
N'= (random, no tension) (D5)

(2"‘/2I‘(1 +m/2
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where
I' (1 + m/2) = gamma function with argument (1+m/ 2)

K = corrosion factor

An equivalent stress may be used in equation 15 for the random loading case (see J.
Miles, Jour. Aero Sciences (1954) 753). The equivalent stress is obtained by equating N
in equation 15 ( with o = ore) to N in equation D5, giving

1/m
o,= \/{I‘(l + m/ 2) Oy (Ds)

m+ 1

For large m, (1 + m/2) = (m/2)! ~ ¢ ™/? (%) 2 Vor

and

o, m[\/ ?(xm)lﬂ"}arm ~ \/ %a,m (D7)

Equation D7 shows that o_is proportional to v'm for large m, so the low stress fit to
the fatigue curve for aluminum which gives an m~ 16.5 will give a larger o_ than the
high stress fit with m~ 5, and a correspondingly shorter fatigue life (life oc 1/N).

Using a fit of equation 15 to the low stress fatigue curve results in short predicted
fatigue life relative to that when a fit to the high stress curve is used. The highftress
fit gives a conservative estimate of fatigue life at low stress (at 5 ksi, N = 5.1 x 10" with
B=1714,m=5and N=1.2x 1011 with B = 23.5, m = 16.5), while the low stress fit
gives an ultra-conservative estimate of fatigue life in the random sea. The high stress fit
is therefore preferred as a first approximation approach.

A better fit to the fatigue curve would give a better approximation to the fatigue life.
A simple three parameter fit of the form

N= (inBc)m ®)

where B, C, m are constants is used for aluminum drill pipe. Equation D8 implies an

endurance limit at ¢ = C. While this is not a conservative assumption, the dominance

of high stress cycles in determining the fatigue life will give reasongble predictions for ¢

>C. Afitato =25ksi, N=1.7x10";0 =15ksi, N=16%x10",0 =6 ksi, N =4 x
9 .

107 gives (for K=1)
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o — 5.6

3.082
N= ( 456.4 5) (DY)

At 6 ksi and a 2 sec heave period, a life of ~ 250 years results according to equation
(D9) and the extrapolated fatigue curve. As will be seen, o, is always greater than C in
the random loading case.

Use of equation (D8) in the random sea case requires a modification in the equivalent
stress value used in the fatigue life calculation. With equation (D8) substituted into

equation (D4), an equivalent stress is found following the steps used to obtain equation
(D6), giving

¢,=C+ Loa,,, (D10)

where

T c\" 2
I= C)[mz(z— 3—.,,.) ex;{— % dz (D11)

The integral is evaluated numerically. A plot of I_vs o____/C is shown in Figure D1 for
m = 3.082. Values of Ie O e V8 O are shown in Figure D2 for C = 5.56 ksi and m

= 3.082. T

The fatigue life with a static stress o, and ultimate tensile strength o is then

(rendom with tension) (D12)

Fatigue life calculations for the aluminum drill pipe can be modified to employ equa-
tions (D11) and (D12) in place of equations (15) and (19).
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Stiff Drill String

A stiff string with a free end should have a response, at frequencies well below reso-
nance, essentially equal to the input at the top. A 20,000 foot string, with two element
groups (each with the same properties) was analyzed with an input amplitude of 0.1 ft
at 5-sec pfriod. The string was made 67 times stiffer than normal by taking E = 2 x
10” 1b/in“. The computed response was essentially equal to the input. The string
response in a random sea was also found to be essentially equal to the input. A stiff
string with a fixed end should stretch uniformly at frequencies well below resonance.
The stress is easily calculable, and the computed response and stress agree with the
expected response.

Heave Compensated Point Mass

The steady state response of a point mass m supported by a spring kh and a linear
damper ¢}, may be expressed in closed form as

J1/2

where
ky
wzs o e—
m
Cp
2n= —
m

w, = natural (resonant) frequency

A Point Mass test case was run with the following parameters:

Number of element groups = 1

Number of elements in group = X

Drill string length, ft = 30

Rubber spacing (for added mass), ft - 465x107

Type of pipe =  b5-inch, S-135 steel
Heave compensation =  passive

Heave compensator damping (ch) Ibs-sec/ft = 2100

Weight of BHA, lbs = 0

Diameter of BHA, ft = 0
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Bottom end attachment =  freely suspended

Location of input excitation =  heave compensator
Type of input =  harmonic
Hydrodynamic damping, lbs-sec/ft = 0.01 (constant)
Load at top of string, lbs = 394,000

Mass (m), lbs-sec”/ft = 14,6464

Spring constant (k_), lbs/ft = 3940

Natural frequency wn) sec ! = 0.51866

2n = 0.1434

The computer results for z, = 5 ft are given in Table E1 with the values calculated from
equation E1. Excellent agreement is found. The computed phase angles were checked
with the analytic solution, and excellent agreement was also found.

Flexible Drill String

A flexible drill string was analyzed to compare the response to that calculated by GMI
and MRI for the same string. The following parameters were used:

Number of element groups = 1

Number of elements in group = 15

Drill string length = 20,000

Tool joint or rubber spacing, ft = 30

Type of pipe =  5-inch, S-135 steel
Heave compensation =  passive

Heave compensator damping (ch} lbs-sec/ft = 2100

Weight of BHA, lbs = 40,000

Diameter of BHA, ft = 1.0

Bottom end attachment =  freely suspended
Location of input excitation =  heave compensator
Type of input =  harmonic
Hydrodynamic damping, Ibs-sec/ft =  0.01 (constant)

and velocity dependent

The heave compensation, total load, and mass values for this case are the same as those
used for the point mass test case. Values of top displacement are plotted in Figure El
for periods from 4 to 18 sec. The peak amplitude is reduced and the peak is shifted to
larger periods as the string damping is increased, as expected. The parameters used in
the velocity dependent case give more damping and a greater reduction in amplitude
than the constant damping case with 0.01 1b/(ft/sec). The GMI and MRI values are
significantly lower, indicating more damping was used in their models.

-136-



Values of bottom displacement are plotted in Figure E2. Again the displacements calcu-
lated by GMI and MRI are lower, indicating more damping was used in their models.
Table E2 lists top stress values calculated with constant damping and velocity depen-
dent damping, and compares these with the GMI and MRI results.

Figures E1 and E2, and Table E2 show the response to be sensitive to string damping.
It is, of course, sensitive to the heave compensator damping as well. These damping
parameters are subject to a larger uncertainty than any of the other string parameters,
and should be determined experimentally where possible.
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TABLE E1
POINT MASS TEST CASE RESULTS

PERIOD RESPONSE AMPLITUDE, ft
(Sec) HEAVE Program Equation E1
4 0.79 0.795
6 1.83 1.83
8 3.99 3.99
10 9.16 9.17
12 18.56 18.6
14 14.83 14.8
16 10.75 10.8
18 8.81 8.80
TABLE E2
TOP STRESS-FLEXIBLE STRING TEST CASE
PERIOD HEAVE HEAVE
(Sec) Prog:rarn1 Program2 GMI MRI
4 4510 4507 4080 3480
6 4428 4427 4400 4070
8 5159 5151 5320 4764
10 7066 6988 7260 6207
12 11488 10425 9850 8323
14 10352 9264 8230 9504
16 5329 5226 4960 6819
18 3224 3214 3150 4259

1 Constant damping
2 Velocity dependent damping
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BENDING FATIGUE OF GLOMAR CHALLENGER DRILL PIPE

|
I. Introduction
1
An analysis of bending fatigue of the drill pipe in the area of the
guide is presented in this report. The analysis accounts for fatigue of

the pipe due to bending: (a) above the guide, (b) in the guide while the

Tipe is in contact with the guide, (c) in and below the guide while the pipe
s not in contact with the guide. The varying tension load in the pipe

due to vessel heave) is taken into account. The fraction of the fatigue
Tife of a stand of pipas that is expended as the stand is used for drilling
through the guide area is calculated. -

Previous estimates of fatigue accumulation due to drilling through

fhe guide have assumed:

1) the bending stress above and below the contact points with the
guide is negligible.

2) pipe in the guide is bent to conform to the guide over an arc
given by ROawhere R is the guide radius, and O is the instant-
aneous pitch and roll angle.

When bending above and below the guide is considered, we find assump-

tion 2 above to be conservative, and the contact between the pipe and guide
ls either at one point, or over an'arc length which is less than REg.
ssumption labove neglects fatigue accumulation above and below the contact
arc and is non-conservative, ,
1
When
“With the instantaneous pitch and roll angle, Ek,‘less than a eritical

1n31e, GL, only one point on the pipe contacts the guide, and the bending

stress at the contact point is a function of 6&. While é% is greater than

E%J the pipe contacts the guide at two or more adjacent tool joints or

rubbers, and the maximum bending stress (at the tool joints or rubbers) is

‘#ndependent of éh(provided Gh does not exceed about B.).

The notation used in this report is listed in Section II. The def-
iection curve, maximum bending moment, and the stress in the pipe when it

contacts the guide at two or more adjacent tool joints or rubbers, are

-147-




‘found in Section IIL. Bending below and above the guide contact points is
treated in Sections IV and V. Stress-time variations are considered in
Section VI, and bending fatigue calculations are discussed in Section VII.

Cumulative fatigue damage is evaluated in Section VIII.
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II.

A} 6: ¢, D; A:: BI) ct.; D: 1-4>, 83-,0;,1)2-

Notation (List of Variables)

= constants

‘A, = cross-sectional area _

3, = fatigue paran-:eter 3 A

D, = pipe 0.D., 'F'f ’ " -

£ = Young's Modulus Rz -

E.'Z',(é'l’,} 3 (£I), = flexural rigidity .

F = fraction of f.ar:i.gue life expended )
Ell = F above the upper contact point

Fg = F. below .the lower contact point -

ﬁz = F between the upper and lt;wer cont:;cl; points

Fp = F due to l-:ea\m dynamics -

Z, - Ij, = integrals )
/4{0) = bending moment at contact point, (Qg >4.)
M, = bending moment at centact point, (9;{9‘)
fo) = bending moment at x

A i

N ‘= number of cycles to failure
] A = radius of the guide

T

%, 77, = critical tensions

74
[/

'.'X_ = distance drilled

= instantaneous pipe tension

= mean tension

= dynamic tension amplitude

f = fraction of I:i%:e that Q,_(Q‘.(fl
+ - - . . 5 ——— =
4 = (tep of guide 0.D. -Dyr - §
' oz = length between top contact point and power sub

f!u-ﬁa- w‘e"é"ft
m

= lengths,
= fatigue parameter

-14
M = number of cycles, or an integer

for bending above contact point, f; below)




S = rubber or tool joint spacing

So= S/2

5,- distance to contact point ( 5,<S, )
L = time _

X = distance 310:;3 pipe

X :

o= distance from top of gbide to power sub

(X)"lr- X, when power sub is at the top of its travel

(X,).’.”. Y, when .f =0 s

X = drilling penetration rate

pipe deflection
sl /T

= B«

Vrzer

= time average of o£

(tosl jeint 0.D. - D, )/2

instantaneous pitch and roll angle
= critical pitch and roll angle
= amplitude of the pitch and roll

= beﬁding angle above the guide

MR S I SR S S XN oMo
N

= bending angle below the guide

(ggl;_- 9‘: at (h’,)m,with drill pipe and subs above coﬁtact lp‘oil;t

E&l“x- 9‘ at[Xo).’;‘wil:h drill pipe and subs above contact point
9;)‘ = g‘_ with drill pipe and sul;s above contact point

b
‘@z -gc with drill pipe and subs below contact point

-150-




A{I) -‘

G(x) =

bending stress at x

bending stress at a toel joint or rubber, (&.>8,)
bending stress at a toel jeoint or rubber, (&(9‘)
alternating stress

mean stress = 74;/4,

dynamic stress amplitude = 7;/440

instantaneous average stress

ultimate tensile atfe;;

drilling retation frequengy, rad/sec
heave frequency, rad/sec

roll frequency, rad/sec

phase angle

£1-6(0F/ § 146(x) 3
f"."A‘: -2x
[+ 2,
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;III. Deflection and Bending Stress in the Guide
|
; The deflection curve of the pipe (er drilling subs) in the region of

icontact with the guide (twe er more adjacent tool jeints or rubbers cent-

acting) and the maximum bending stress are found in this section. At low
tension values, the pipe touches the guide only at the teol joints or

rubbers. As the tension is increased, the pipe 0.D. will centact the guide

midway between adjacent toel joints or rubbers. Twe critical leoads are

Edefined. The first, 7¢;,, is the minimum lead which causes the pipe te
centact the guide midway between toel jeints or rubbers. The secend, Tz5 ,
is the minimum lead which causes the pipe curvature at the contact point to
equal that of the guide.

We assume the pipe to be tangent to the guide at the tool joints and
rubbers which are spaced a distance, S<<R&, where R = radius of the guide.
IWe take the origin of a cartesian coerdinate system at a rubber or teel
{joint as shown in fi;. 1. From elementary beam theory, the differential
equation fer pipe deflection, y((S‘

2y

EI 7=, =Mm), M =Cx+ D+ Tl ¢V

where & = Yeung's modulus,
Z = moment of inertia of pipe cross section,
M(¥) = bending moment at x, and
C,D = constants.

Equation 1 is valid previded the pipe does not centact the guide between 0

and x. The beundary cenditions are:

dy ) '
ylo)=0 , =) =0 (2
2 .20
; . st dy - & (3a)
T Y)= 57 5 Ix fas™ R s
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Se dy So
GSTE Tl Yls)= ot e, x/ R 8 (36
Xas,
To>Te,: Y($:)= > /=-§- / . =k (3c)
2 JR e R R
=5, =5,
where & = (toel joint or rubber 0.D. - pipe 0.D.)/2
SO- s’z
S, = centact peint < S‘., and the guide surface for xR is
appreximated by
xl
‘_‘5’23 - & in eqs. 3 abeve. : %)
Using eq. 2, the selution of eq. 1 may be written in the form

Yix) = A (sinb dx - okx) + B (coshdx — 1) (5

where o =|7/&r , and
A, B = censtants which are given below.

The maximum bending stress occurs at x = 0, and is given by

Mt)D, ED. 4% / £0.3'8
o ” =/ === (8.2 8.) &
" 2.3 2 dr*,., =
4% 2
where Mlo)= El'zﬁ/zw =&l B =T858 ,
D, = outside diameter of pipe.

The constants A and B are feund te be

T<L T,
o Ly
- - €))
2R
B o« A Sinhels ""A @)

Coshas —/

M*S

g .
( 7e;, 1is the load which makes g(s')- + & , and it is found
numerically using Newten's methed.) AR

Se - S S';Hh ASe (9)
2Rt 2(cosh o3, =) ~okSs sSinhoS,
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Zero's of the fellowing functions are found when applying Newten's method:

2
IFot %, & -{,’(,D- Al Stnh L3e-25,) + 3(@5635-—!)—@5—; * 5)’ (11)

&
LS Sinh ol So L SR Cosholsy~1)
For 7z : 76/0()- S 1) - 2eoth azy 1)~ bt /, (12)
and T, = EI.(:' ( fotot,)=0) .
B ; .
£ oS, Simh 5 . AdER Ceoshol s~ 1) /
Fer S, ¢ i) 2 (cosh 45,~1) 2 (eosh 43, = 1) = o5, St hts, o 92 ]

zs;;___ A (Coshdsu—1D ‘
B = : (10)
Stivh A S0 :
— d% / ;
( /fsis the lead which makes = . =, and it is feund i
numerically.) dy Y= S, R
T>7,
Replace S, with S, in eqs. 9 and 10. The value of §, is
g /
found from the condition !—1 = = , again using

Newten's method.

2
where A and B are given by eqs. 7 and 8, and 7;, = EToy £, td,) ='p)

‘T 18 known, (7T >773), se ¢{ is fixed in eq. 13.
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IV. Pipe Defleci:ton and Stress Below the Gulde

Bending below the lowest contact point with the guide is treated
with the coordinate system shown in fig. 2. The boundary conditions are:

at x =10 (the lowest contact point)

s 3
A b d { Mo
(o) = o, dx Ix=0 o ¥t ly=p = €1 » and
at large x { Q - ‘ (14)
: ¥ Uargex 8 L :
Solution of eqs. 1 and 1& 3ives for the case of drilling subs only in
the guide area: T P ',' s " e
‘ch)r —-(6 +a,_x-:) w D e
The bending moment at x is Mx) =M,e . (17a)
' , —ely X - '
and the stress is 0Cx) = Oye =
where iatec ¥ 0y = M_P" and M, 15 the (17b)
' ZJ_,_ bending moment at

the contact point,
With drilling subs and drill pipe just below the contact point
the equations are solved with the additional condition of continuity

of deflection, slope, moment, and shear at x -15 (fig. 2):

Q Mo Ao f-r-é/-(s./g)

: T -G«
where 6/,13&) 7:5’%__6—24;53 ( Zs)

and the bending moment at x -,!3 is:

M//,) M, (cosh 42 4 -f;— !f-féu’;/,) (17¢)

A compariscm of eqs. 17a and 17c¢ shows that eq. 17a is a slightly

(16b)

(16c)

consarvative approximation for the case with both drilling subs and drill
pipe below the contact point (see Appendix page D). Eq. 17a is used to
evaluate the fatigue accumulation below the contact point, The value of .

M, is found in Section V. C. *
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V. Pipe Deflection and Stress Abeve the Guide

A. Constant Flexural Rigidity Above and Below the Contact Point

? The geemetry of the pipe and guide, with ene contact peint is shown
!
'schematically in fig. 3. The origin is taken at the power sub, and the x

axis is parailel to the guide center line. The bending moment at the cen-
tact peint (P) is Aﬂ,( eq. 16). The beundary condition at the pewer sub

is not well defined, so two cases are considered ( slope = 0 at the power

%sub, and moment = 0 at the pewer sub).

1. Slope = 0 at the pewer sub

The beundary conditions are

Ay 4y A ~Xo
t = 0,-'— = 0'—- = W e——
y 0) £ r=o d’ !lll SA R

(18)

-%'%* &y -

RS d Mo
yld)=F" +4 ,5‘{/’-;5

Solution of eqs. 1 and 18 gives

3 "_ ...x: P .2 9‘ X — —{- __?, =
:.L_; (26+2 LJF + %(? = a(RJ z =0 (19)
_ 4

;where 2 = s 7 , and we have made the approximations
| wshald =smhdl S 5 I, which reduces a transcendental
equation te the quadratic eq. 19.

The critical pitch and roll angle is found by the use of eqs, 6 and

19 with
| a,,-(#c - B, (20)

For the case 7< 7,

, and

1)

j 2 ¢ KsSmbus
! e Zge Coshds—{
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gc.l X, 4 ) ¥,
—_— e S - s _ 3 i 4 (22) i
z* (R g2 )0 —{ezie-F 325 (=©

2. Moment = 0 at the power sub
The second of the boundary conditions, eq. 18, is replaced by

4%y ‘ |
— s 0 (23
4.1(”/,(.0 _ :

Solution of the equations then gives 3

"'""2 -{2(5‘*2) o?;ga' g‘(-x',‘-i-g-'!‘)— — (24)
: S . | ': : ; i ;
and _-‘g—‘d- %—'--Zi‘c)gg - {i:(i;{‘-’(-— —2-3-.3‘) e —Rg-}=c) (25)

The quadratic equations were solved using the following data:

R= 350 ft, x

o = 18,33,48 fc, g = 0.13 fr. Values of o vs. drill string

length are shown in fig. 4 for drill pipe and drilling #ubs.
Figures 5 and 6 compare chs.p(. and 2 ;.rs. 9& -for the two )
boundafy éonditibns at the power sub. The zero moment condition will be
used in the folloﬁing analysis as it is slightly morelconsewacive (it
gives a larger M,f-z‘e%t for a given &) ).

The distance between the contact point and the top of the guide is

given.by
: L-x, = RBr-2) for Epi&e, (26)

land - LiaXp = RCEi-2:.) for Epx & (27)
| Figure 8 shows ([‘-X.) vs. of for“xo = 18, 33, and 48 ft,_assu:;ing
ls =5 fc and 7 £7,,. Figure 9 shows (£ - X, ) vs. &g for x, = 18 and
48 ft, with o{= 0.18 and 0.34. Note that L—%, =Le-%, for & >4

on fig. 9 for o = 0.34 ( gg? 2° for o = 0.18). Since X varies from

18 ft to 48 ftr while drilling, the approximation that oAl Ll Ssuh kL3> 1

!ia reasonable, and it is best at large tensions where the fatigue prob_lems.
|
are most severe.
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B. Drill Pipe and Drilling Subs Above the Guide
Solution to the problem of two different sections of nipe above the

guide is obtained using the coordinate system shown in fig. 10. The length

of drilling subs is assumed to be fz_= 28 ft, and the boundary conditions at

the power sub and the contact point (x = 0) are the same as in section V. A.

2 above, Deflection, slope, moment, and shear force are continuous at

the junction between drill pipe (o =¢,) and drilling subs (x=d,).

With drill pipe below the contact point, QB- %_g: and the bending

moment at the drilling sub- drill pipe junction ( x =j,) is:

ML) = Mo (cosh 4.4, + 5"7" shok,4,)”! 29
vhere the approximation Coshdafs = stnb oL£r L has been made.

The equations for Z, and Q‘_ for zero moment at the power sub are:

(#48)2 = 518+ 52010 8) 75 32,+ O Fer G2)- 2 =0 (30

il /”t ’
for ggégc,where ,?,--&,—o-“—?,A- {-iGlt) , and
T / - 6./"'![1)
GliL) = Lo e
v !) = /v o e .
9: Xo ' | > e
vhere 2‘=M(o'].b with Mf) given by eq. 6.

The length ﬂ=,[_,+j, is obtained from eq. 26 or 27, Note that A4
is a function of Z through its dependance on ,é, , and that ::-—:'\CA‘(/ .
Values for 2, and &, are obtained from eqs. 30 and 31 by an iterative
proceedure, Starting with A-f , convergence to 1 percent is
attained in one to three iterationms,

Fig 1la shows 2, vs, Q,_ and fig. 11b shows f— X, vs. é’g .

Figure llc shows values of £, vs. &, .
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C. Drill Pipe and Drilling Subs Below the Guide
1. 6, <(&.).

Solution for the bending moment at the contact point gives: "

o : ' 3
e +oez‘-{{2+e.)<l+a")-.rlai"-‘=*9*‘7?"% )-z=0 - ow

. Mods | o1 1+GGD) |-% 24t
- '2" Ah g G(J;f,) 6(w -f-;‘{f- S

The bendi.ng stress in the dril]_. pipe at x -‘[3 is then

s —af;_f_s G 1R '
O’(I;) _z “’225’ =f7;1,€ sy (15)

The cr.ttical angle (QJ ’ wi.t:h drilling subs at the contact point

is found from the equal:ion' ) S ' Cp

G o it e e

| o '
. Snh - (T‘- Tz: at the maximum value
2Rl (coshohs-1D . . of tension in the drill string).

whére B ™

Values of (9:,),_-\73. .Q; are shown in fig. 12a and values of

23 vs. 9,, are shown in fig. 12b.
| - 4 9;_-5(9:);

The bending moment in the drill pipe at x - ﬂ; -is. M(oJ

. “,.' ' 2! et

-Js.fg

-and the bendxng stress is:

J:.!B : ~d2 £ i

0'(13).;- &?.g’fgcg = Glde ° o

2 o
Note tha.t as j; bg;comes largel,. A-’?-' 1, .-am:-! eqs. 3la and 31b reduce
to eqs. 24 and 25 with = = Z, and of = , . Eliminating x, f?om eqs.
3la and 3lc gives: ‘ . s

A" z 2 - | -r) . x‘,g Ba 2 £
— Z,, ‘*[Z‘(f‘*d -'(& '5“41 IE;. + R('—' "'"'- )1'-.—:!._-;0 (31¢)

_}_../A«:,_?AJQ-& é.,;-—-z-*ﬁ(/"ﬂ )- f"—--ocsm

where

£-2,-2, .
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where

where

£

with

R -

Stress-Time Variations

A. Average Stress

Tension in the pipe varies about a mean value 75 with an amplitude

TCt) = 74 + Tpsm 2, (32)

|
l
1
i?’ given by the heave dynamics program. We take
1
i
1
i
|

22, = heave frequency, and
T = time.

The average stress in the pipe at time t is then
0; = Oa + JpSm< T (33)
Oy =Ta s O =1 , and A, = cross sectional area.
A e (0] o/A, 2 :

B. Bending Stress

The maximum bending stress at a given cross section of the pipe varies |

time due to changes in the pitch and roll angle (except in the arc of

:contacl: for &be), and due te changes in &£. We assume

where

i
g
i
|

i

E = 8,5t (22t-9 ) (34)

&), = amplitude of the pitch and roll,
2, = pitch and roll frequency, and

fP = angle by which the pitch and roll leads the heave-induced
tension.

We make the simplifying assumptions that LZ, and L2, are uncorrelated,

and that ? = 0. The alternating bending stress on a pipe element while

&rilling (with pipe rotation frequency al>>JZ) is then modulated at the

pitch

and roll frequency as shown schematically in fig. 13.

An additional but smaller modulation of the alternating stress occurs
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t |
J |

I
| ':
iwith changes in ,/ due to the heave induced dynamic tension, T' We have !
|

5 oL =yl 1+ --—smﬂ-f £33
where 0{4 = y 7,—4/5_[ »
For %%<</,

,z:d,(“f% sz, t ) (36)

The bending stress then varies in time and is given by

T Opa + Oppsiinca.? -
where O'BA - f (0 / O"/ ~ 0"/ (38)
"“""“;‘J"‘" “’“'"nlula Jrds
and OED = Ef (0‘ / N, ) (39)
d= (173 2 )14 oL =(1=-% 2, )y

We treat these modulations independently in the next section since it

is assumed that .{l‘and £Z,are uncorrelated.
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IVII. Bending Fatigue Calculations

i A. Miners Rule and the Fatigue Equation

The pipe rotation frequency is assumed to be large compared te
£2.; and £2,, so pipe tension and the maximum bending stress at a
igiven cross section are essentially constant over each rotation cycle.

We use Miner's rule to calculate the fraction, F, of fatigue life expended

n
F =2 (40)
Ntz o)
|
where N = number of cycles with alternating bending stress
i amplitude, 0-"5 , and mean stress, Jg , and
!
“(Q.‘ﬂ;]- number of cycles to failure.
!He express the number of cycles to failure as
8. os )"
o) = s bl
N (a;,0,) {0_{: (1 ord } (41)
where Bo,m = fatigue parameters, and
0; = ultimate tensile strength.
B. Fatigue with a Sinusoidally Modulated Alternating Stress
! o
I The number of alternating stress cycles in dt < _(_1: is
[ 2
27
and the fatigue accumulation in one pitch and roll cycle is then
= 2z
E w d€ w Qs 2
| = e— — = - .
Lo, /
|  J N (oz,0) 2r NG oy | [smeat/dt
or | , 43
! s = L ? (43)
i P2 T <2, NGos)
where aT 'D?X) ( Table I), and
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e () v-'f_"_' hnz. M ™ ELTU
hmrews .1?.("'"4'! ( ) ( +1)

where M= gamma function.

1% at m=3.82, and the max. error is 77 at m=0.

e om0 ek =
el . -

-

C. Fatigue with the Mean and Alternalting Stress Varying due te
- , Vessel Heave (e’ >3 wrz, D

The fatigue accumulation in one heave cycle is

)

The assymptotic expansion is accurate to

The term I, accounts “for a sinusoidal modulation of the alternating stress

o ————

e - Y, ~ s /{4 R
2" 2w > edgdts | f gt e
; M{O’;Jd;) - Jn -}O-Rp.ma(éa -5:”“?)@ )
_ g miSl _'.";%'. : F . o Z» .. A :.;.1 45
il : .l' .. i T a, N(Jaﬁ,oiy) 7 B
~

/ o Sin
O
3 r

'I'he facl:or_,z' accoun:s for l:he modulation of altemating and mean stress

due to vessel heave, and my be evaluated by numerical integration (I

w_h;re | | I’ = 7.T_' ( /1' mfmﬁ)d ‘ ; «'

'.l'he numher of heave or pi:ch and roll cycles experienced by a p.'lpe
slement in drilling a distance/drf is

L

L ald S
dn = _a./ by .. (46)
2re _
where «£2 = L2, or _Q.&', and

X

= penetration rate.

The fatigue accumulation in drilling from ¥ to X, is then

« & r“ ' : :..
Z, dx .
B i '?" . @
27 X N(o,0n) | .

X,
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D. Fatigue Accumulation While Drilling o




' . AR . - S O .

?here 0¢x) is the alternating stress value from Table I.

iThe fatigue accumulation above, in, and below the guide is evaluated in the

|
next section.
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"'"'*{ *(1+ 'h).:n. g}w.,ga(& ‘(’)*-3--'-’0' _“’9’

-iWVIII. Fatigue Accumulation

A. Fatigue Accumulation Above the Upper Contact Point

1. _q_ga £ éc (8. = (5?:.)) "
Pa.:igué -a-ccumula-t:[on above the contact point (P, fig. 3) is a
maximum for the top :ool-joint of a 30 ft stand of drill pipe (or drilling
sub) as this joint is above the contact point for the longest time during

drtlllng. As drilling proceeds the value of xo decreasas from (xg) .,

_ 48 fl: :o a minimum value which is found using eq. 26 with ﬂ I-I-f -és.

( i.e. _é’, = 0)

vhere 2,1s a func:ion of (xo)min (as given by eq. 30 wi.th Q Q

X (x )m'.n Solving eqs. 30 and 48 for (xo)min gives

e i

S e -

'|found using (x‘.’)max- 48 ft in eq. 31,

where Ig - (cosh L. 2, + o{ 5!»)9-(',.4;)

Using eq. 47 and Table I, we find the fatigue accumul.ation above the

iguide 15:1 ' “‘JZIL-Z.? | | o
20 % | v _ (50) |

£ =

(*olma s whis

dx =
N ¢a, D20 74 ) X (51)
(x nr . 5 : '
"l e, A PIT IR l(eg.2¢ )
ai'a.: .(szd (f‘ , and ;

z; is found using eq. 30 with éﬁ_ﬂ a,-

2, Qo > Qc_ (ﬁc_‘.-_- {‘gc)f)

When the combination of x, and Q makes g =& , O ﬂO: g

and the. stress does not increaae with :lncreasing 9 The alternating
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where’ (x ) i =R(w-4 )'i'jz , and Q 15 replaced by ‘.in eq &9 when 6’ >9 §
'(The value _of cgc)m,‘ is found .usi‘.ng (?:o) in eq. 31 and (g)

i
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stress amplitude is modulated over the time intervals

hir W
— - f' to — /
S22 L2

where n is an integer, and it is constant over the intervals

.-hn
f,"' to ‘f.&+

hm
-_-‘-1—: (fig. 13).

We treat the two time intervals separately and note that while the

modulation envelope is not a full sine wave, it is conservative to

assume a sine wave modulation for the fraction of time during one pitch and

roll cycle for which 9‘59‘: This fraction is

'{1 ¢f: - 222

; -.?a/_a_:_ = -éJr , and using eq. 34 with ?" 0,

we obtain 2z = Be
w 5 Sl 2)

‘ ]
Since e‘ is a-slwly varying function of x, (fig. 7) we may use (gc)m;n
in eq. 52 for.a conservative estimate of F, (this maximizes the fraction
of time the alternating stress amplitude is at its peak value of O':G.)J.

The fatigue accumulation above the guide for go>02 is then

wls < Z
Fa = 2mw {f.Z..u.-* (-6)I 5= ‘;,,;1-4 I-fﬂ'-—.r,)gtﬁl
: (Ko)wy
_ ! A oA e 3
vhere L = mﬁ) / )(Cas of.[:“" ;_, .f{'né.(,ﬁa) Q’-l’d (54)
< e Xe *
EDodl,’B )

.Z, = X021 + ﬂ/gc -2Ze¢ ) (eq. 27)
20,

Ze = — and 4 is obtained from eq. 31.
[ A 5%01‘ » z
3. Calculation of I-‘A ‘
Equation 50 is used for g"(g‘% and eq. 54 1is used for 8,>(@,) .
" i Mgy
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Both equations are used when (g‘_)u;.dgal (9‘)‘4&: . Computer implementation
X

of the calculations is as follows:
|

a, Calculate (gc)m.“ using (xo)max‘ If 9.4 (gc)mfn , eq. 50!

A
b. If 4, >(6")ﬂ;ui the value °£. (x) min is found using eqs. 27

is used to evaluate F_,

|
|
|
i
I

and 31 giving

: L 2 olz 2 Zc 27 (55)
¢~=,a-(z*~'2e{¢*c)"'u<,a -z a
where (* )nin = ¥ ((x )4 1S set to 18 ft if Rrr< 18 ft.) |

The value of '(Q)”‘xis found from (xo)min using eq, 31, If é{,)(é?c)‘a; |

FA is evaluated using eq. 53, ;
e If (9‘)“,59;[9‘);:“ value of x = (:&0)1 which makes 55‘“" go I
. *
is found using eq. 31. From eq. 27, (x.}=i,4!..-s, , where §,=R (&,-2,)

and ¢, is the root ( neirest to 48 ftr) of:

* Lr'ﬁ'q) L )
2e > {rawes}s -F -5 - oot} = ©

Equation 50 gives (FA)I when I is evaluated using the limits (xo)l and

(552)

(xo)max’ Equation 53 gives (FA)Z when I‘_,l is evaluated using the limits

(=)

nia tO (xo)l, and FA= (FA)1+(FA)2'
B, Fatigue Accumulation Below the Contact Point

- We calculate the fatigue accumulation as the top tool joint of a

stend of pipe moves from the contact point to some distance below that

point. The exponential drop in bending stress with distance beicw the
contact point makes the fatigue accumulation beyond about 7 ft below the
contact point neglegible a-s shown below, i
L 8§ 6 (2 =@ )
The value of x, starts at (x4)pin When the top tool joint of a
stand is at the contact point and decreases to X = 18 ft before a new

stand is added. Thus,f = (x.).:, - x. and the bending stress at /, is
3 o/min o 3
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d.z.(’

- 018)= 022 (56)
where 0;L= 'F( Xo, &, ) (eq. 51).
The fatigue accumulation below the guide before another stand is added 4
is then
' NI I:. Is
Fe = (57)
" (‘PJ" ”‘-'dh‘ "‘”Jz.!
where
Ls = e 8. (58)
’ MO, 0%) = :

At the lowver limit the exponential term is 1, and at 7 ft (m=3.82, S-135 drill

pipe), the exponential term in eq. 58 is approximately 8x10™3

-4

for d:.- 0.18
(low tension) and 1X10 ~ for '(; 0.34 (high‘tension). Fatigue accumulation
for_ggreater than about 7 ft is then negligible. ( The fatigue parame?:er
m for drilling subs is larger than for S-135 drill pipe, so the-'.‘?ame_

argument applies to drilling subs.)

-

2% 9, > gc : (5 (94-.) )
a. For the fraction of time, §- that Ba ¥ -96-,_

Following the analysis used in VIII A 2, we find

wtl, L, Te
Fg, = z = (59)
LT X
where
LArce ¥
T = -—-i— ! bol, 3 /
" N{Oire e ‘dy = - (60)
%, M NG 0),0) |

Note that £, may be determined from eq. 3lcusing (xg)pnin (eq. 55).

Actually, 5‘ increases a small amount from its value at (xo)min as x,

-168-




; decreases to its lowest value of approximately 18 ft. We ignore this
small change in 9@, for a conservative estimate of the fatigue accumulation.

Therefore, we assume (91( in the following equations.
‘ ) [8 /

b) For the fraction of time, (I-Q. that Q,)Q‘.

The lowest contact point is R(4, -4, ) below the topmost contact
}oinc, and the bending stress at the contact point is (jd,) The stress at

'.é’, , measured downward from the lowest contact point is

il '{ Lo+ RIOs~a, )(1~|simsaztl) }’
0(x,) #oue” (61)

and the fatigue accumulation during one pitch and roll cycle is.
27

: wl()-£) I. (= 4t
(;:33).4 * (
AT N0, 08)

| (F z) - ‘U(/—{} IzI7 . "'“”%'. I
82/, * 22 N () e (62)
4
2 -
where - 2 —M%—Qe}smﬁ '
h _'27 5 e 4 F’  (63)

(-]

The integral I’ accounts for the modulation of the alternating stress
during a pitch and roll cycle ( I £ 1). The fatigue accumulation in
drilling to X is then _
= | )Z. T
2a /F ) d N wl 1""{ vtz
o . & o Xo =
27X e Ja‘ymp(&lv/oz@o‘) (64)

for E”“&-x‘{;ﬁ Yu: : £ G 115”})

Fo

We find the fatigue accumulation between the topmost and lowest

|
:com;act. points for Q)Q‘_ in the next section.
|
|
i
|
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C. '!-'atigue Accumulation Between the Uppermost and the Lower
Contact Peoints

1. For the fraction of time that the pipe is in contact at x
' In the time intervals (£, - y )_bendirig fatigue accumulates with an
alternating stress amplitude, O;{;Q_ The time interval of contact at x in

one cycle of pitch and roll is then

)
Afaz('é;’ta):‘a-‘zz {E—ZSIH'%E‘QC). (65)

The fraction of drilling time per pitch and roll'cycle in which the pipe

is in contact at x is then

at 2 ."‘E’*gc _
feosspm, = 1= #2525 e

The fatigue accumulation is then

y ¢ 5, 194

I’ ' . -
By Ltody » Lobolsls R
" 2r My a,) f T 27y N(6&)q)

where A(Vﬁ(g{)_;* -—-Sn 5:)_ & (68)

Figure 14 is a plot of IS vs. g‘— . Notg that Ia- 0.637 for %:" 0, the

result given in Deep Sea Drilling Project Technical Report No. 4, p. 17.
The value of 9‘ is insensitive to x ( fig. 7), so we may use eq. 31 to

find 9_,_ with x_ = 18 ft.

2, For the fraction of time the pipe is not in contact at x

The bending stress at x below the topmost contact point 1is

- X~ )fe)
2
0(x)=0KEC (69)
where - X. = the instantaneous contact point = R/@,—Qa bl 5!;112,_'&]

Fatigue accumulation during one pitch and roll cycle is then
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(F. wI, 4 4'15 = —_-———Z‘UIL ‘*:“!J{k’-xc) :
1)a.” 2 1) Kt T TNwg)| € T dt oo
° o
! s & X
where wi=— LN e
: a5 o ﬁ‘ <23 e(g‘p "ac)
Upon substitution, .
CUI;, ;
(Fza), = I
X
2 2. N(Ow)o) "7 ) et}
S
RO o6 ,
where L lo= 2 “urgfx~2O.rec)sinp 72)
g e A5
(4]
| The fatigue accumulation while drilling from the topmost to the lowest
contact points is then
;:t - 5, o+ F_z'z (73)
wl. I, %
where 61 = z: 2 — _ %
A% N(0.(4), 02) s
T R(Es~Be)
and - (75
fo f L, tx)d x .
o
D. Cumulative Fatigue
The fatigue accumulated at the top tool joint of a stand of pipe
used to drill through the guide area is then
F=,§‘+€+/§+/§, " (76)
where 6 = the fatigue accumulation due to heave dynamics whici‘t is
calculated in the heave dynamics program for drill pipe. When drilling
subs are used,
X
Ew o A X an
2ré , NUsa,) 2% N0, 0%)
for X << string length,
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J‘uhere X =.penetration while drilling with a stand of drilling sub.

E. A Previous Estimate of F
‘ “T-l;e approximations mentioned in the introduction lead to éonsiderable
rsimplifications in the analysis. It was assumed that the drill pipe
contacts the guide for Q,g > 0, and that the alternating stress at the

contact point is Q'N')’ Neglecting fatigue accumulation when the pipe is

not in contact with the guide gave

0637 wRbo
- - +
2 ¥ M07,)0,)

E = ~p (78)

The first term of eq. 78 apprbx.:l.mal:es 6+/§ ﬁ-é » and the
accuracy of the approximation will be determined when the values of F-f'_o

for different conditions of drilling are calculated using eq. 76.

FASC = Scaled fraction of fatigue life expended due to
bending while the tool joint is above the contact point

FISC = Scaled fraction of fatigue life expended due to
bending while the tool joint is between contact points

'FBSC = Scaled fraction of fatigue life expended due to
bending while the tool joint is below the contact point

r
The Fraction of Fatigue Life Expended due to Bending Through the

Guilde is given by:

-
F= (Qx)((r’-)n FAsc + (I._‘j: FIsc = fI,_)nFBSC.]

X
with: w In units of feert,

_ where (IL)A J(I")I ,(I-:.J@ = Modulation factors due to changing
tension induced by vessel heave,.
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TABLE I

ALTERNATING STRESS VALUES

&2 B

Above the contact point at 'X--Qa

0_‘ /
e 0-2-"-( coshd, 4, +

= SIL’ £2, f

Below the contact point X= /43

Yy
0z = Oz Siin 2, t

( x measured downward from contact
point)

Er > Er

Between contact points

O¢ = 07 (%)

Above the upper contact point at X = 2,

07 = GG

a.féd,f, -+ .o—‘.:.'."’”hd 2' )

Below the lower contact point al X=Zz

—9‘?_ Q; )
0',; = d:(.l)e ( x measured downward from contact

whisa O:(d:) ” pa ;8 [!{ 6) point)

]

E.Dpo(:__'_ o{;.’a‘m.ﬁs

U:@J-'- 4R A,>r (el oty 5—1) , 5= 5 )a'f,
0;6- €-Df_z;’ii:_23- ( 21 obtained from eq. 30@)

Z
0}‘2: é%’il— (-e‘ ﬂltﬁ:hgl -rr,” ‘{. 2) ) -
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Addendum I

An Approximation of 12 and Its Accuracy

I. Series Expansion and Term by Term Integration
Integral 12, in eq. 45, is given by
43
/ . »” . —
.1:,, = ;;r*- (/-fc?,smp) C1 - P, sm(_g.) d(@ (Al)

&
c3=,;‘° , (@,,9, < 1).

Expanding the integrand, retaining terms up to fourth order inm Q1 and QZ’

and integrating term by term gives

L5+ -2"- {(n-f)f?,"-r (m +:JQ;¢ 2m@,Q, g -
. «(A2)

ﬁ {[m-ﬂ')(m +2){m +3)4’;¢+ (M=0) (in=2) ur-3) (Df +
am It )msQ,0.° ¢ £l ast)lne-200:9, + Eimei)/mn-1) 9,9, g

II. Approximation of Q1
The dynamic bending stress amplitude, d;p , due to an increase in pipe

tension is given by eq. 39. We approximate d.'afor %4} as

g [ 40¢ 44 { (A3)

", A0 o T ) dbaoz
Thus (? g;: =[ it Ad{: %7';/7“/ (a4)

where

We use the expressions for Oe given in Table I, and obtain the derivatives

L0/ ot .
A. ﬁ, ‘4_, above the contact point
~ I ::‘g ol d&/
Q=za{’fa’ot ’d‘ﬁA{ .
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Using eqs. 26 and 30, we obtain

1+ ot )d,’ ‘“’A

4 d2
2, J l-—(t,*ld(/*ﬁ)ﬂtf +RAkI 2, e
] - L =&
ﬂ"; (’1"6 !) [-PI‘:./J‘

Values of Q/(f%) vs. .e,l are given in Table Al. Also given in the

m
table is {d;(ﬂ)/ﬁ_ug which is the ratio of the fatigue accumula-

tion rate at £1 to that at the contact point when £, = 0. It is seen that

this ratio drops very rapidly as .21 increases, so a conservative assumption

is - + Ip
4a-= Z Ta
A7)
B. 99 < 94 s> Below the Contact Point
Following the treatment used above, we find 5
@*zli+% _____.z,f;/ s‘-i% (A8)
C. 9. >9g , Between Contact Points
For 1 £7Te y
0" - E Do d,ssﬂd A 5
:[JJ) 4"'"" Coshd, s ~1 , and
o ..L ’D J‘:
Ql =2 Ta (f ﬂn'a o s ) % o
D. H,»8, , Above the Upper Contact Point (7 £ Tg, )
s =D S, LA A10
Qemg -5, ~55 [ w7

For a conservative estimate, we drop the last term and use eq. A9.

E. Qa >Q‘ , Below the Lower Contact Point ( T £ Tc,)

Ew?.fe'l ¥ J i B g |

Stirhel, & (A1)

Again, for a conservative estimate, we drop the last term, and use

Q et (1- 22t )

TA Stuhodrs

(A12)
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III. Approximation Accuracy

The series expansion of the integrand of I, is slowly convergent,

2

so the approximation of eq. A2 underestimates I The approximations

2°
for Q1 overestimate its value. Numerical calculation shows for &,< &,

above the contact point, these approximations give acceptable accuracy

in I, up to Ty/T, = 0.3 (see Table AIl). For 9.,)-94 , the approximation

2

for Ql is very good, and eq. A2 underestimates I Using the approxima=-

2°
tion for Ql and numerical integration of eq. Al gives very acceptable

accuracy in I, (see Table AII).

IV. Effective Values of 12

Different values of I, may be evaluated for fatigue above the contact

2
point (12)A , between contact points (12)

A. Qa £ g‘-

We use eqs. A2 and A7 or A8 to evaluate (IZ)A = (12)3.

I° and below the contact point (IZ)B.

3. Bo> 6, , Between the Contact Points

We use Q1 given by eq. A9, and evaluate (12)1 by numerical integra-
tion of eq. Al.
c. Bo>8. , Above the Contact Point

The fraction of time that §,<4, is given by eq. 52:

- 1'_ . *t (éf)r
£, = : o, (A13)

We may approximate (8, )1 by

0.29-Q¥6S
(Qc)' = ___pz_.-_— -+ 00]75 = 0'2 2 (A.l‘?)

for 5 < s < 20 ft. This approximation gives a maximum error of 0.2

for 0.15 < @ <0.35 and T < Tey (Table AII]). We then take
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(L), for &> 8 = (TDA T, (Ta): o= £

(A15)

p. 6,> O, , Below the Contact Point

We take

(I.)g for 60> 0. = (1) fi- (L-): (-+4) (A16)

4\ 2 =y (@‘L .
where : 5 Sin O, , and we use eq. 31f with £, = 0 to
obtain the approximation (8 ), = =220 + 0.74. (AL7)
2

{See Table AIII for the accuracy of the (gc)z approximation.)

V. Calculation of F
The fraction of fatigue life expended due to bending in the guide '

area is given by

F =(.¢-§-)'[ (I.), Fasc + (I.); FIsc -r(L), Fssc]

w

For 0 4(9}, this reduces to
¢ ._..) ,_)A (FASc_-tFBSC.)

with (Iz)A evaluated as described in IV A. For .9,)(9‘)‘, we evaluate (IZ)I

as described in IV B, and obtain (IZ)A and (IZ)B from eqs. Al5 and Alé

respectively.
y )—;—f (.T,)A (fse 4 ng‘c) A//r)

Fon [?} < 52’ < @6)__.‘
sev F,= s we (1,),-(T,), ) Alr7)
Fea f%, 5 (?;b‘),

£ [ e Gy e hane] A
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Q%i‘ﬁ/m) Arip fd.?//,J/O}'aZMVs. Z,

ny
4, RS m) § L) /654
l,z0.78 o, = 0.34 o,c03¢ x,=0./8 o, 0.2 4
g‘: 0.50 B,SO-S? 2-,:0.25'
0 1,074 1.03/ /1.203 / /
> 0.7¢ 3 0.4.07 0.5/% 0.345 0.8
e 0395 — 0.304 = 0.209 0./103 O.oy0
¢ 0.0/7 —1.006 ~-0.84 0,028 0. 27x10°%
8 —0.358 -1/.494 ~— /.56 0. 0074 .08 x,07*
o —0.728 -2.377 - 2./95 0.0019 0. Oo4x /073
* Q, ChevLATED s ER. AS
TABLe AT
Ly, murzmasl B0 APPROYIAMATIOMS
e R
- p— r o
cose G, Tom Uf ¥ @ | EQar &.A2 e mD A
a3 0.8 D,/ S.2¢ 0.044 0077 5,08y 1,050
=5 0,2 4 0056 0./5¢ /.24-C 1.2 42
=26 0.3 v 0.12¢8 023y o7 1.74-2
( ¢l131f°
% Le 0.1 1517 0042 0077 1.OS7 [,050
g} =048 2.2 “  pOYIB o./54 . 1238 /249
2.3 t 0.1200 023) /587 [742
b6 0.0 2222 Dpyge 0.077 4039 (.0/4 1032
0.2 2 00369 O.15%+ (166 1.07¢ l e
0.3 “ 00552 023) [40% [23 /. 07
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TABLE AL

APPPROX/IMMATIONSS [fop @a ), ArLD @;J 2

©.) & 304 40

_0_1_;. (Q), ,ER.3/,4=0 (Q)) Avpeox, E] Al4
Vil 2.0/ 2.23
20 ¢% 7 4
.25 147 l +7
.30 /.33 /.33
3& [.24 5,23
24 2.24 2.3¢
20 /- 98 273
.25 /, B4 2,00
.30 (77 1.9/
35 /.73 /.85
o5 3.07 z. 78
.20 3, 03 303
28 3, 0% 3 06
130 3.08 3.08
.35 3.7¢ 3.09

(B.), Arreox ez . 413

A=

s 2.98 2.98
.20 2.4/ 2.42
25 A O7 2,00
.30 /.86 /. Be
.3 (7/ 1.70
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APPENDIX G

BENDING FATIGUE OF THE GLOMAR CHALLENGER
DRILL STRING - RANDOM PITCH AND ROLL
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Bending Fatigue of the Glomar Challenger

Drill String-Random Pitch and Roll

; 8 Introduction

An extension of my report, '"Analysis of Bending Fatigue in Glomar
Chalienger Drill Pipe and Drilling Subs with Computer Program Description",
submitted to the DSDP, 10/19/79, is presented here. The computer program
for the deterministic case (harmonically varying pitch-and-roll angle of a
given amplitude, 90) is used to obtain the reduced fractions of fatigue life
expended. These reduced fractions are used in the treatment of the random
case developed in this report.

We use the notation of the previous report in this analysis. The values
of the reduced fractions, FASC, FISC, and FBSC, for the deterministic case
were found to be independent of the pitch-and-roll frequency (provided the
frequency was low compared to the drilling rotation frequency). We are there-
fore concerned with the distribution of pitch-and-roll angles encountered in
the random case. This distribution may be obtained from measurements of
vessel response, or alternately, we may assume a probability distribution of
pitch-and-roll amplitude. The fraction of fatigue life expended while drilling
through the guide area in the random case is found using this probability dis-
tribution and the reduced fractions for constant pitch-and-roll amplitudes
(0 < Bo < 8°). The effect of changing tension in the drill string due to

vessel heave in a random sea is treated in the next section.

II. The Effect of Changing Tension in a Random Sea

Evaluation of integral 12, which accounts for changing tension in the
drill string, was discussed in Addendum I to my bending fatigue report.

The integrals (12)A and (12)I may be obtained for given values of TD/TA, for
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0 < Bo < 8° which covers the maximum expected range of pitch-and-roll angles.

The fraction of time the pitch-and-roll angle is less than the critical angle

Bc was defined as f (f1 for bending above the upper contact point, and f2 for

bending below the lowest contact point). In the random case, we may calculate
f if the probability density of the roll angle envelope is known. Let Pmde =

the probability that the envelope of pitch-and-roll angle lies between 6 and

@ +do, i.e., P {0 <6, (r) <o + ds}.

B
Then ec é_c‘
de RMS
f- J o = Oinson 9 X (1)
0 0
where x= B/BRMS, and
6 = the root mean square pitch-and-roll angle.

RMS
The wvalue f1 is obtained using (Bc)l' and f2 is obtained using (Gc)z. The
approximations to (Gc%, and (ec)2 given in Addendum I may be used to evaluate

f. and f£,.

1 2

It is reasonable to assume the pitch-and-roll envelope follows the

Rayleigh distribution density given by
2

8 —2-5;; _ X 2
Prh.:___. e RIAG == ()

G X
{={"""xe 2dx . ©)

O

Next, we account for the random nature of the heave-induced dynamic tension.

Again, we may take the Rayleigh distribution for the envelope of TD/T values,

RMS
and adding the contributions for each value of TD with the appropriate proba-

bility gives
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(4)

where X = beT , and

TRMS = the root mean square value of dynamic tension.

We evaluate 12 (X) ;n eq. 4, using the fractions given by eq. 3 above and the
RMS .
value of TD/‘I:A =X “i;— . (Note that eRHS’ Toms? and T,» together with x and w

specify a particular random sea case for which we wish to evaluate the bending
fatigue.) From addendum I, for the case where 0 exceeds Bc, for bending above

and below the upper and lower contact points:
L(X)A.,,E',:'F(I")A'f' (l—f)(Iz)I (s)

We know that © will exceed ec for a fraction of the time in the random case

(<1 for 6 0). (For bending between contact points, (IZ)I(X) - (12)1.)

>
RMS
The above equations were used to evaluate (12)random for a number of different

input values, and the results are given in Table I. A good approximation to

the vaiues obtained by use of eq. 4 was found to be

(IZ)PALIDGM = I‘ {@) (6)

T T
where X = V2 corresponds to Eg =V _%ﬂ§ . Values of I, (V2) calculated
A A

using eq. 5 are given in Table I for comparison with the values obtained from

eq. 4.

III. Reduced Fractions of Fatigue Life Expended in the Random Case

Values of FASC, FISC, and FBSC for pitch-and-roll angle amplitudes
0 < 90 < euax may be obtained from the bending fatigue program. These values

when multiplied by the appropriate probability density are summed to give the

reduced fractions of fatigue life expended in the random case:
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6= By

(I_ASC) = FASC(p) Pmde 7
YGH om
8=0
with similar equations for (FISC)random and (FBSC)random‘ It is assumed that

Pmde for 6 > QMAX is negligible. If we assume the Rayleigh distribution

density for the envelope of the pit3h~and-roll angle, we obtain

raay
apus

(FAsC) - xé%FASC(V)dX ®)

rane ow

where x = BKB

Due to the rapid drop in P dx with increasing x in the Rayleigh distribution,

-X /2

we may take O to be about 8° provided Orms < 2.5°(x e = 0.033 for x = 3

MAX
and 0.001 for x = 4). If FASC, FISC, and FBSC are evaluated for 0.8° increments
in 6 _ up to 8°, a Simpson's rule integration of eq. 8 will give reasonable

o
accuracy.

The fraction of fatigue life expended in drilling through the guide area

is then given by

E _%(J_L( D (FASC) + (1,),(FIs¢) + (1.), (FBs¢)

Tandow Fondors m-dw 1241 dop r:nd‘om Yorndom (9

TABLE I

Values of (12)A or (I and (IZ)I

2)5
For the Random Case S-135 Drill Pipe, s = 5 ft.

TrMs (1,); RANDOM CASE O (1), RANDOM CASE
—Er— §~—— or B
o A Eq. 4 Eq. 6 RMS Eq. 4 Bq. 6
0.18  0.117 1.00 1.00 0.5 1.01 1.01
1.0
0.34 0.117 1.09 1.09 0.5 1.10 1.10
1.0 1.11 1.11
0.3 0.17 0.5 1.24 1.22
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APPENDIX H

DSDP INSTRUMENTED DRILL STRING SUBS (IDSS)
OPERATIONAL DESCRIPTION AND HANDLING
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General

Two joints of pipe are instrumented with strain gages to measure and record ten-
sion, bending and torsion loads during drilling and coring operations. One joint is a
short drilling joint sub to be used with drilling joints. The other is a joint of drill
pipe. Data is recorded by solid state electronics in a sealed instrument case which
fits inside the joints. The recorder is removable and may be used in either joint by
connecting it to a cable connector inside the joint. Measurements may be taken
during normal drilling and coring operations (to retrieve a core barrel the joint
must be set aside). The data is transferred to magnetic tape for processing at
DSDP. An interface unit aboard the ship will allow shipboard reading and check-
ing of the loads recorded.

Technicians will service and install the recorder into the joint. The instrumented
joint will be placed in the string at a location as directed by the Operations

Manager (normally immediately below the power sub 20-foot pup joint).

The following sections provide details of the instrumented joints, handling pro-
cedures, and precautions to be followed during use.

Description

The principal components of the instrumentation system are described below:

Drill Pipe Joint Assembly

One joint of 5-inch, S-135 drill pipe, with strain gages attached adjacent to the
pin end. A 5-foot sub is made-up to the pin end to protect the cable loop.
The drill pipe and 5-foot sub are handled and stored as a unit. Tool joints are
modified 5 1/2 inch F.H. Overall shoulder length of drill pipe and sub is 36
feet 2 inches.

Heavy Wall Sub Assembly

One 5 1/2 inch O.D. heavy wall pipe sub, with strain gages attached adjacent
to the pin end. The sub shoulder length is 65 inches. A 10-inch sub is made-
up to the box end and a 65-inch long 5-1/2 inch O.D. heavy wall sub is made-
up to the pin end. The instrumented joint and the two subs are handled and
stored as a unit. Connections are the same as the present drilling joints, i.e.,
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5-1/2 inch LF. with 7-3/4" O.D. shoulder. Shoulder length of the assembly is
11 feet 8-3/8 inches.

Recorder

Strain gage data is recorded in a removable pressure case (eletronics unit)
installed inside the instrumented joints. The recorder is suspended by a heavy
metal cap seated in the box connection. Fluid passes around the pressure case
during drilling. The pressure case is designed for a maximum circulating pres-
sure of 3,000 psi. The recorder is used with either pipe. Both instrumented
joints have strain gage cable leads with plug-in connectors which make up to
the recorder cable.

A different instrument case top cap is used depending on whether the drill
pipe or heavy wall pipe is used. When running the heavy wall pipe, the larger
flange (4.84 inch long) cap with a 60° taper is used. The drill pipe uses the
small flange (3.49 inch long) cap with a 45° taper. A two inch nose cone is
threaded on to the top of the cap. A safety stop ring is positioned in the box
of the first joint below the instrumented joint assembly. The stop will "catch"
the recorder in the event of a case of hanger failure.

Strain Gages

The strain gages are bonded to the outside of the pipe adjacent to the pin con-
nection. Interconnecting wires are routed to the inside of the pipe through a
0.54 inch diameter Monel tube which penetrates the pin shoulder. The gages
are water proofed and protected from mechanical damage by a cast
polyurethane sleeve.

C. Handling Sequence (Placing in String)

When measurements are to be taken, as determined by the Cruise Operations
Manager, the following sequence should be followed:

1. Transfer joint from scabbard to mousehole.

2. Electronic Technician brings up recorder, makes up to cable connector
and seats the instrument case into position.
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3. Pump core barrel down drill string.

4. Set drill string on elevators, break connection joint determined by the
Operations Manager. (NOTE: Instrumented joints may run in one of two
positions immediately below the pup joint saver sub or one joint lower).

5. Make-up pup joint to instrumented joint.

6. Insert safety stop ring in box of joint suspended in elevators.

7. Make-up instrumented joint to drill string.

8. Suspend drill string or core ahead as directed. Use normal drilling pro-

cedures but do not exceed 3000 psi pump pressure (pressure drop around
instrument less than 50 psi at full pump).

D. Handling Sequence (Taking out of String or Retrieving Core)

1. Break out instrumented joint, set in mousehole.
2. Remove safety stop ring.
3. Make-up string and retrieve core barrel.

4. Technician removes recorder from instrumented joint and secures cable in
pipe with hanger plate. Flush bore with fresh water.

5. Transfer instrumented joint to scabbard, secure, resume normal opera-
tions.

E. Storage

The instrumented joints are stored vertically in 8-inch steel pipe scabbards adjacent
to the rig floor. The strain gage cables, inside the pipe, are hung off at the box
using hanger plate. A dummy connector should be inserted into the end cable con-
nector during storage. The recorder is stored separately by the Electronics Techni-
cian.
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Precautions

The instrumented joints have been designed for rig handling and can survive a
two-foot accidental drop. The joints must, however, be handled with reasonable
care and not subjected to unnecessary hard impacts or shock loading. In particular
observe the following:

1. Do not position tongs, spinning chains, ropes, cables, etc. where they
may bear on, or damage, the black polyurethane strain gage cover.

2. Do not lay the joints down where sharp edges may bear against the strain
gage covers.

3. In all other respects, handle and make up the instrumented joints in the
same manner as normal drilling joints and drill pipe.

4. Ensure that all joints and subs in the assembly have been made up to
proper torques prior to initial use.
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APPENDIX I

DETAILS OF IDSS SYSTEM

-207-



C M= 0
oy 22
= T )
=

M = )
n

g~ =

(5

IDEE MOMITOR

tRDO Y

noono
noGnez
nonie
nnnz4
nonza
aonan
nnlhida
nnonss
nnnes
nonrz
Goozn
nonas
nonnas
nnin4
nniiz
nnlzon
nnlzs
0G135
nnldg
nnlsz
nnien
onles
noivs
nnlss
npisz
nozon
nnzns
nnzie
nn=z4

non

TRET TIME

PRIMARY

SECONDARY

| TENS
-3, 30
-4,58
~H, €7
-3,93
4,61
-4, 99
-3, 39
=2.10
-2. 09
-2.0%
-2. 09
-2, 09
-2.0%
2,09
-2.049
-1.33
-2. 08
-2.08
-4.59
-3,80
-2.16
-4, 93
4. 65
2. 12
-8.11
-2, 12
-2.13
~2.13
=2, 114

BNDA
-4, 3¢
-3, 93
-3.55
-3.51
-4, 3%
-4,33
-4, 28

0. 35
-0.24
-0.77
-0.91
-0.55

n.13

0.74

0.34

n.&0
-0.1%
-3.33
-3.68

- -
=

=255
-4, 25
-4.12
-4.12

n. o9
-0, 73
-1.1%
-1, 02

-0, 22

BNDB
n.nn
~2. 52
o T
--3a E‘?
=2. 049
-3. 90
n.se
D.e7
n.3g
=0.20
=n.ev
-1.06
-0.70
-b. 02
0.ec
-4.1z2
—-3.4%
-E'.- ?1
-3.59%
-2.78
1.02
n.va
.05
=0.75
=121

Toral| TENS

-2.11
=Z.47
—-3. 55
=3, 04
-3.11
=87

- -
e oA E‘I'

-2, 89
=N.30
-0.3%
-h.52
-N.&3
-0.28
-0, 70
=0.70
=D.55
-Z. 18
=B« '58

o =

- -
- D

-3.S0

-2,.59

~3.53
=0,9%
-0. 77
-N.&5
-N.63
=-i. 7N
-N.78

-3.23
-3, 43
-4.59
-3, %
5. 92

-4,58

-4.58 -

- 07
et B
=25 05
-2.05
~-2. 06
-2. e
-1.91

-2. 03

BNDA
-3,32
-4, 3%

e D

~3. 1

-3.75

-EII

R (A

]
=
WS D

n.1

Lo B s |
L] [ ]

g =)
v M

0.54

-2.08 -0.21
-4.58 -2.74
-4,59 -%,85
4,60 -3 6E
-3,.55 -2.96
-4.58 -4.21
-2.08 -3.59
-2, 08 -4.13

=2. 07
-c. 02
-2. 09

-2 09

-E-IU "l::.éf! -III? -I:IIIC"- P

BNDB
-1.61
-2.5%
~2.95
=3.29
-32.29
-2.88
-4.&80

N.e5
0. 70
.32
-0.31
-N.&7
-1.00
—D.eld
n.,na
.70
e P
-4,az
=2. 03
-%. 43
=3 €82
-0.10
n.7n
1.02

-N.73 D79
w67 il 7

ToRa |
-3.50 = CAL
-3.55 <—2ZERO
-2.887]
-3.50
-3.51
-t
-3.01
-0. 61
-D. &S
-0,67
-0.6%
-0.68
-0.67
-0.71
~n.21 | DATA
-0.94 |(VOLTS)
~1.02
~1..06
-3.58
-3.58

o | =
—Se P

=2.97
-1.07
-1,0&
-1.13
-1.0%9
-1,03
-0.95

- -

r

" 2

I -8

| 4

| 5

| 6 |

7

| 8 |

CHANNEL NO.

FIGURE I
SAMPLE OF SHIPBOARD INTERROGATION OF IDSS DATA PACKAGE

-209-



- 55201C08

LS
Tim® RML

3_-43v]( . 4
CH

P CONTAINS 496 Laco A&hCTER& IN CCD _PARITY

=0.706) 0.5 .cu"(!'!z 491~ l. 302 0.9 91' 1.1=r. 3.715~0. ?15 CPvd 5 008) 2.493) 0.642 0.893 1.114=-12

13 1.114~3.605~0.646 C.237 S. 008 24907 4.372 0.503 1.094=3.605-0.636 0.247 5. 00@)2 L9

FILZ 1» HECPnD 2 CONTAINS 496 ESCOIC CHARACTERS IN COD PARITY (83 48~BIT WORDS)

352010¢C GU“Q!]@ 0562 C-853 1.124-0.735-0.3%8 0.577 5.008 5.0
25=0.266 0.967 5. CCB €.CCL 9.552 0.623 0.894=0.705-0.506 0.577 S. OW@'S UQi
73 0.854=0.715-0.486 C.577

FILE 1,

RECORD 3 _CONTAINS 496 EBCDIC CHARACTLRS IN GDD PARITY (B3 48- AIT WORCS)Y
552C1CC0000LII~LatBl=bale3-La274

=0.895=0.456=4.

13 Gao74=0.645=3.4406 C.887 5.0CE 5.0C1
91 C.432 14123 0.844=CeE55-0ubbé 04857 54008 5.001 04422 14133 0.694~0.655~0.446 0.747 5,003 5.CC2a

FILE 1» RtCJHD 4 CONTAINS 4906 EBCDIC CHARACTERS IN CDD PARITY (83 48~BIT WORDS)
85 EGLChbdﬂO‘Kl Q422 C€.993 0.704~C.€65-0.446 0.767 5.003 5.

k2B 0o o1c 0.70D~1.55E"4. 95f‘¢.930 Do§5H 5.0 -7

" 0.562 0.883 0.934=0.725-0.376 C.567 5.0C08 5. Dﬂé £.552

0.562 0.883 0.8E4~C.7C5~-0.486 2.58
5.00€ S.CCHIC.592 0.893 0.834=0.705-0.466 0.597 5.008 S.001 0.592-4.113 0.814-0.685-0.465=ha43¢ 5.4
S 017444242123 0.794-C. 675~ 0.456 4,427 0.008~0.C40-4.462-4.123-4.244~0.665-0.456~4=377 0.008=C. Cﬁ?&? -

5.00G8.

167 J.008=0.041-04,492=4.123-4.254~0,695-0.446-4,35T7T C.008=0.041=4.5C2=5.113
B5-0ubbb=6a37T 0.008-CaChl=4a512-4a083~42324=0.6€85-0.446-4.367 5.003-0.041 0472 0.943 0.674=0.645-0.4456 0.EB7 S.008 S.001
Da462 1.113 0.834=0.645-0.446 0.877 5.008 5.001 0.602 1.123 0.534 0.855-0.445 0.ES87

CO01 0.412 1.003 0.714~0.675-0.445 C.777 5.008 5.001 0.342

channe) numbers

a'@!/o_.qs;gi 1.2 ﬁ%-s.z

«315-0.656-4%807 5 00E~-2.01 1-..363 0.9
~h.412 C.283 1.054=3. 295'0 €26 0.54T7 S5.C003 2.4

- 9L 04562 0.883 1.024~C.765-0.606 0.547 5-00@55 00f) 0.572 0.893 1.004=0.765-0.416 0.567 SaOUé]S GO?E}

0.2373 0.
5.001 0.

1a013 J472u~Cub

85-0.456 0.787 5.CC8 4o6E1=4.602 0.70F 0.734=1.C005-0.456=54.197 0.008-0.311~4.242-4.293=4.254~3.515=0.4SE~4.197 0.028-2.511-4.952~%.2

83=40238=3a305=Ca bS8 =balTT=0.318-2.811-4.952-4.293-4.2T74=3.515-0.466-4.217-0.318-2
117429824, 073~4.224~3.575~0.516-4.197=-0.318~2.£11-46.992=4.273~4.214=3.545~0.526~4.157 0.C0a~-C, 31507

RECORKD 5 CONTAING 496 £RCCIC CHARACTERS IN CCD PARITY (43 48=BIT WORCS)

FILE 1»

952C1CNG00C4 31 0.302 1.943 0.796=0.715-0.4956 0.857 5.008 5.501 0.292 1.053 0.8C4-0,715-0.316 C.897 5.008 5.001 0.292 i
844~0.745-0.326 0.897 5.003 5.001 C.252 1.233 0.884=C.755-0.366 0.697 S5.003 5.0
32 14003 0.954=04745=0e526 0.9<

05-C.226 0.397 5.CC3 5.00C1 0.2972 1.083 O,
83 0ufl34=04745-0.5256 0,907 5.C08 5001 04232 14C73 0+9140765-0.536 0.917 5,008 5.001 0.2
01 C.222 1.063 0a54b=0.755=0a5048 02927 5.008 42591 0.202=3.943 0.944~0.755-0.566-4.037 4,598~-0.01V72?

FILE 1» RZCO4D & CCNTAINS 496 E9COIC CHARACTERS IN GDD PARITY (83 48-BIT WCRDS)

5573.060=4.127=2.518=2.551=0,022=4.292=4.314=3.255=3.046=4+377=2.518-2.511"6.842=4.273=4,.004~12

000531-4.802-22943 0.944-3.255-3.066-4.087~2.518"0.011~4.822-4.273-4.044~0.755=3.066=4.127~-2.518-2.511=4.552~4.27
+255=3.0606~4.127=2.518-2.51

e B51=4 o972~ 4273742264~ 3.565=0.480~4.217~0.310~2.8

3
1=l a2t

73-3.984-0.755-3.046=4a067 42998-0.011 04172 1043 1.024=0.755-0.556 0.927 5.0C8 S.001 0.212 1.233 1.084=0.705-0.516 1.117 S.003 5.0

—-01 €.202 1.203 1.214~C.725~0.5156 1.107 5.008 5.C01 0.302 1.153 1.174~0.765-0.406 0.8%7 S5.008 5.C02:7 -

FILE 1» RECORD 7 CONTAINS 496 ESCDIC CHARACTERS IN CCD PARITY (33 48-3IT WORDS)

55201000000631 04302 14153 1.184=0.765~043E6 0.297 5008 5.001 0172 1013 1.064=0.745-0.516 C.9C7 5,008 5.001 0.232 1.043

95-C.h7T6 0.947 5.C03 5.001 9.232 1.0C3 1.064~0.735-0.4856 0.907 5.008 5.001 0.192 0.963 1.044~C.755-0.516 0.877 5-.00%

53 1.034-0.755~0.526 0.657 5.008 5.C01 04172 0573 1.054=0.765-0.466 0.897 5.008 S.001 0.172 0.243 0.954=0.765~0.528 0.
31 C.162 04253 0.964=C.74

5=0.52€ 0.8C7 5.008 4.C21 0.172 0.883 0.974=1.095-0.466 0.187 5.008 4.9622?

FILE 1, RECORD & CONTAINS 496 E3COIC CHARACTERS IN DOD PARITY (83 48=BIT WORDS)
5520L1CCC000731 C.Z262 Ca
25=U.4606 0.797 5.008 S.

0t 0.222 N.B833 C.874~C.7159-0.426 0.767. 5.008 5.C01 0.232 0.823 0.854~0.705-0.%

FILE 1, RECORD 9 COMNTAINS 496 £2COIC CHARACTERS IN CTCD PARITY (83 4a-BIT WORDS)
5520120090063

£5-0.408 0.767 5-308 S.001 04232 0,787 0.724=~0.¢

01 0.232 04853 0 €74~CaE55=0.40C CA£E07 S.003 5.CC1 0.232 3.363

FIGURE 12
IDSS DATA DUMP FROM TAPE

0.664-0.645-0-396 3.327 5.C02

Ja232 Co213 0.824=0.705-0.426 04757 5.008 5,001 0.242 0.843 0.834-0.665=-0.406 C.777 5.008 5.00: <77

75=2.426 0.707 5.008 S-001 0.232 0.783 0.714=C.€65-0.4156 04647 5.008 4.501 v.23
83 0.714=0.675=0.400 C.G637 5.008 54001 0.232 0.783 0.584=0.765=0.415 04737 5.0C8 5.001 0.222 Ca793 0.674=0.675=CoulG 0.7467 S.30
£a00727

ES3 1.054~CLE6S=0a44B8 0.EE87 5.008 4961 0.252 04253 0.954=0.745S=0.456€ C.807 5.008 S.001 .22 S%
0C1 0.212 04873 0.944=0.715-C.4656 0.787 5.008 S.001 0.232 0.883 1.114=C.€55-C.416 0.817 5.0%58 5.831 T.%52
23 0.254-0.735-0.316 C.917 5.008 £.001 3.9€2 0.£33 0.884-0.725-0.456 0.927 5.008 5.001 0.232 0.£53 0.894=0.705~0.416 0.777 5.005
16 0.767 5.008 £.0C77?

0.242

5.001 D372

i=i04=0.56
D9

727 54003 4.3

vall $ 0.2S

VL8223 3.7




First Record

Site ID (6 digits) SSSHRX

SSS = Site

H =bhole(0=,1=A,2=DB8,etc)
R = run number (1,2,---)

X = reserve digit

Time (7 digits) HHMMSST

HH = hours

MM = minutes from start of recording
SS = seconds '

T = tenths of seconds

Calibration (8 CAL + 8 ZERO, 6 characters per channel) C + E.EE

C = channel identifier (A,B,---H corresponding to 1,2---8)
+E.EE = calibration or zero value (voltage)

Data (6 characters per channel) C+D.DD

C = channel identifier (1,2,---8)

+D.DD = data value (voltage) - repeated
continuous scans thru all channels at 10 hz rate per
channel

Second and Subsequent Records
Site ID (6 digits as above)
Time (7 digits as above)
Data (6 characters as above) FIGURE I3

IDSS TAPE FORMAT
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METROX /3N

METROX INC.

7165 CONSTRUCTION COURT
SAN DIEGO, CA 92121
(714) 271-173)

CALIBRATION DATA

Instrument: _2r // _JSub @‘”‘j 3/7 S/N

Certified by: Date: 2-/6-8%
Equipment: £o«d /?Ay/erﬂ bv AT, /gwfm,f § 4 oisa

Sl £ G _5-,-:, nm( »n P’/ FE e n D Wit ~e & b <y
LB e K el sbo) Ylwe ~ rhﬁgﬁ/e e’ fuon g lre )
wira 0(’!";(__ //L/;J!_ / LS -/ /Z'J‘C.'?—:(r e /,7( Jn E_,I?‘Lla , e o i 3 i %[2/'.5.

fg_ e -\:f a

FrL@s |TEw |8 A 7Er | 84 |BA
Z Ohog / e "f 5’ 6 ‘

7@ yoor L) Vaselt005 yy92 140057 | F25¥ [Roos | 920 .9 %
{cal 5y Ve 7 2 00 A 685 jams e 553 |1 222 usgs | b sir w Y | 74 2 zZr’
‘& vz |£ )5 | 230) oo -4 490 L1 s NG 9Nz 00 6] fotTon. | [ af L onn
425" b g2, /14 e e5%2 | .00 e yor o5 20l2 o2 =al Y 037 |=l 22

_[2. 5 -u i pp 320 b 00™ =220 00 V1209 L ove | = L) /.67 Ve D/ 05 7

(825~ oy b9 Lanp8lAon Vs awilir 23 |09 02/ 1=007/, & Jmio3 ,,4/
YA R BV =7 W s e ) e
L /275 Z,94/ 2123 b2, /5,012 |-4 139|£(>7 ¥, 0% |+ 572
125" |4 9sc 4109 H.359|.009 |4 395 |nroe LIS |- 0w

‘l‘ -::1 "JI((?; 7‘:"'76 !f'}—-? 7;""40;"- ,"—/' oA "'I,/")_! ___'_fgﬂ 7“:0-’».:-
a: $,00 | Z/7 |#.233 827 -4452|F /06 |3, 285+ no

ceAat 1,76 |70 146z =4574]0.0 e 5o 4.7 4:,;'-.?5‘ D 3 D, 23
_ T IR 7S 7 RISV
V) o, Gool =125 (2 29| #, 0o bt w3 o A2 gA 4 022 m./ A W LE 9

1_8.25~ s wlt.ns b svg| A5 4, gusl o2 |- 579 Voo | =21 v | =2 02
| /28" Ve 5 LD N0/ 4322 10 L2 sove -2 /47 WAL
7 % Xl TP 70 AR WA 2R N RCE YA X T EN AT S AR
25K |- |-z oid | ars | /.8 oTF | :
/225 |4 =04 1 auba )5 |- 0 4207 a2 b2, p0) 110D
2.5  Li-a/ =0k 359l 009 Fezaa e 1053 |4 099
| £.285" |- il A2 e 566 oo 2L 76 |4 /o4 528 |4 026
ﬁ@ 44 42t 120 52 321, 003 - LU 5|2 JobQE 25D|4 505
A 770 Vo DV e 7 L sm [ 00) YU 576

-
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METROX INC.

7165 CONSTRUCTION COURT
SAN DIEGO, CA 92121
(714) 2711731

CALIBRATION DATA _ \
Instrument: _2ri//  JSub (T@QQ ) S/N
Certified by: Date: 2-/5-82
Equipment: £c«d ﬁﬂﬂ/ecﬁ év AT, /«Jow‘ Frem

_srd £ ¢ Lo Se, uq,( ('va!« //9'/0&«6&* oy ucr‘e—fﬁ 6«-/
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LOCATION: OFF PANAMA-WEST
COUNTY: HOLE 504-B

DATE ON: 12-10-81
LEG 83 504 BRO 3

WEIGHT IN 1000 POUNDS
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S0 FECCRGS LISTED FROY FILE 1. A
,Jéé accelevation doe
T /

a imé § - .
s, sgxa:vs 416 /£9CDIC CHARACTERS IN OO0 PlR[TY €70 48-81T WO =
"*aﬁ ﬁnx Eﬁ.urcggarcfiszk <SS H05. €0C5.6105.6405.5 =755 805 9005, A2l 5. 931C5= 97105, 98,021 6,06/05,04/05.93Cho1
305.25062370641906.200642300+2305.2626427064276642806.290 .zyos 280602806.2805.3106.31064260642706.260642506.2406.220642006.1905.170
£e1A2501406.1105.1006.0706.05064C4CE.000549705.9505.9305.9105.9105.8905.8405.83052800527905.7705.7305.7005.6805.6405.6305.6205.5705.

"FILE 2» RECOAC & CONTAINS 416 EBCDIC CHARACTERS IN 00D PARITY €70 48=BIT WORDS)

550%5.5305.5205.521?7

Fl.€ 2, RECCRD 2 COMTAINS 416 EABCDIC CHARACTERS IN OOD PARITY (70 48-BIT WORDS)
SE201C002415005.4605.44C5.4205.4005.3805,3405,3105.2905.2905.2705.2505.2205.1905.1705.1605-1305.€9C5.0905.0605.0605.0405.0405.0505.0
2054010423053 5804a99Cha39C0.9704.95C4.9804.9905%5,0205.0405+0205.030542605.0705.070540905.0905411C5.1205.150541905.2305.2605.2305.310
5.3505.38054410544205.4305.4905.5205.560546005+€305.6805.7305.7705.8005.8305.8705¢900549305.9506.0006.0406.0706.12056.1506.1306.21064.
£336.2506.2636.28427 ¢

- 1 LR 1
FILE 2, RECNDRD 3 COWNTAINS 415 EACDLIC CHARACTERS IN CDD PARITY (70 4B8-BIT WORDS)
52010002420006+3105.7206-3306.3506.36064370643706.3706.3706.3606.340643206.3006+3006.2806.25C6.2406,2206.2106.1906.1506.1106.C0306.0
0540105497054 9405.90C5.8805.8305.82C547905.7505.7205.6735.6305.6005.5505.51054805.4305.430543905.3505.3205.2805.2705.2305.1705.140
5410054C0900.C6054C404.99C4.9904.9804.500429304.9104.8904.8804.870428504.8504.86042850487048704.900429304.9204.9304.9404.9005.0105.
0403.0605.0905.13227

LT

552010C02425005,1705.2105.2605.2605.3205.3505.3505.4305.4505.4905.5205.5505.6305.6705.7105.74(5.7805.8305.8505.8705.9005.9305.9706.0
166.0400.0806.120€.17C6.1906.2206.2309.9900.0005.9900-0029.9900.0009.9900.0009.9900-.0009.9900.C€009.9900.0009.9900.0009.9900.0009.990
C.000529930.000%.9900.C0C9.9900.0009.9900.0009.5900.0009.990C0.0009.9900.0009.9900.0009.9900.C€009.950C.0009.9900.0009.9900.00072.9900a
C0C%.9908C.0009.99222

FILE 2, KECORE 5 CONTAINS 416 EBCOIC CHARACTERS 1IN ODD PARITY (70 48=BIT WORDS)
552C€1C00243000C.0C69.95CC.C0C9.990C.0C09.9500.0009.2900.2009.9990.0009.9200.0009.9900.0009.9900.0009.9900.0009.9900.0009.9900.0009%.9

700.,020549200.C0005.99CC.C009.9500.0009.990C.0005.9900.0019.9500.0009.9900.0009.9900.0009.990C.0009.9500.0009.9900.0009.9900.0009.990.

0.0U29.9900.3009.990C.CC09.290C.C0C%.5500.00C9.5900.0009.990C.0005.7300.0009.9900.0009.990C.CCC9.990C.0009.9900.0009.%930.000%.9900a
0002.5%C00.C009.592"72

102 2, WECORD & CCONTAINS 416 E2CDIC CHARACTERS Ih ODD PARITY (7C 45-BIT WORDS)
H2010C024350C00.0C09.9900.0009.9960.56009.9500.0€09.9900.3009.9900.0009.9900.0009.9900.0009.99€0.0009.9900.0009.9900.0009.9900.0009.9
$00.0209.9203.6009,99C6.0009.9900.00C9.99CC<0005.9970.0039.9900.0009.2900.0009.9900.0009.9900.C009.990C.0009.9900,0009.9900.0009.990
20005459000 0C%249900.0009.7900.0009.9900.0009.5900.0009.9900.0009.9100.0009.9900.0009.9900.CC09.9900.€009.9300.0009.99200.0009.9900.
C05%5.955C0.0009.99277

¥ SRD 7 COMTAINS 416 EPCDIC CHARACTERS IN OCD PARITY (70 48=BIT WORDS)

s 000C.0009.55CC.0009.99G0.00C9.9500.0009.9900.0009.9900.0009.9900.,0009.9900.0009.99C0.L0C9.9900.0009.9900.0009.9500.0209.9
;au.:‘;s.abau.oo 0.99CCa00C7.297C.C005.C8CC0.0005.990C.0039.9900+0009.9900.000949900.0009.9900-C009.9500.0009.9900.0009.9900.2C09.290
L0005.9900.0009.9500.C0C9. 990,.‘309 §500.0009.59C0.0009.9900.0009.9900.0009.9900.0005.9500.CC09.950C.0009.9900.00092.9900.0069.7900.
C0U9-99CC.C059.99P%22

FILE 2+ RECOR0 8 CONT2INS 416 ESCDIC CHARACTERS IN CCD PARITY (70 48=BIT WORDS)
S57201C0002445300CaC0C9.990C.0009.590C.0009.9900.0€09.9900.2009.9900.0009.9900.0009.9900.0009.95C0.0009.9900.0009.9900.0009.99C0.0009,9
C0042007-206.C0C09.99CC.0009.9900.0009.72900.0005.9900.0029.9900.0009.9900.0009.9900.0009.990C.C009.9500.0009.9900.0009.8500.0009.,950
G.0G05+9420.6002.990C.C0C5.950C-00C5.9900.£009.5900.0009.9500.0009.9900.0009.9906.0009.9900.CCC%.950C.C009.9900.0009.9900.0002.97270a
U009.596C.0008.21277

FTLE 2, RECORL 9 COMTAINS 416 EBCDIC CHARACTERS IK 00D PARITY (70 48=-BIT WORDS) ¥ il
S52010002453C0040009-9900.C009.99C0.C009.9500.0009.5900.0009+9900.00079.9900.0009.99000009.95CC.C009.9500.0009.9990.0002.9990.0909.9
200.06009.9500.C009.9900.6002.9900.C009.99282.0005.9900.0009.5900.0009.9900.0009.9900.0009.99C5.C0C9.9900.0009.9900.000%.9900.0009.990
0.Ch09.5000.0007.92CCaNC3%9.7900.00C7.72520.0009.9900.0009.5%02.0009.9200.0007.9900.0009.9900.C009.990C0.0009.9902.0009.9500.0009.2900.
COC5.5500,0009.979%a87
: FIGURE J1

DBMI DATA DUMP FROM TAPE

 fa




Site ID (6 digits)

SSS = site

H = hole

N = Run number (1,2...)

R = Range (0=.1g, 1=.5g, 2=1g)

Time (7 digits) HEMMSST

HH = hours

MM = minutes 24 hour GMT
SS = seconds

T = tenths of seconds

Data (5 characters) DD.DD

DD.DD = data value (voltage)
Repeated continous scans at 16 hz rate

Acceleration = kDD'DD — 5'50\(}2%99 =9s

4.5 )

1.00 VDC corresponds to minus full scale
5.50 VDC corresponds to zero g's
10.0 VDC corresponds to plus full scale

FIGURE J2
DBMI TAPE FORMAT
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l—-v- s asa, ‘#F “ci\‘\ @01()““5 65”';‘ ,?nd\ /#W \mp - i ,C}gﬂiﬂ- Nos. ,l'?-'9w '

1.8V
s NS/458 EBCDfIC CHARACTERS D PARITY (73, 48=BIY , _
“‘ﬂ R 6524352 400662'010\.084*“!12862[0“C299%[.’i30506529b52000000 11291203k 0 455 0000020 UR62
Li# QL+CUZ.20¢+129u2034029722130606539552CC00C0000+CCEH201+0084202+1267203¢0294 0656445520C0CCC000+0 + 02+¢1286203+029942130

G83202+43293203+032452213C6C05645520CCCCC000+03090201+0083202+1294203+403052 =

b 606545552006600000C+005C2C140083202+1290203+030422132606554552000000000+40090201+40082202+12932C3+03052213C6065595520C00000006+0090201+0

FILE 1, RECORE 2 CUNTAINS 512 ESCOIC CHARACTERS IN DDD PARITY (52 48-BIT WORCS)
2:SSbELE&ﬁSﬁEL(G;FC.pC'CCGF‘CltLLE!ECZtIZ?E’O]OG‘05?21336065?&55200000000000090201'00832C2*1296203*030522!30605579552000000000*90902

[ C1e00b 20241259526 1403CK221306CE5845
uc? 5065745020 00CUCICCHCICHIC1+] ZELE02
‘?‘?-'“"—FIL‘Z"U “RECIAD 3 TONTAING 46E ESTLOIT CHARATTERS IN UCD PARITY (78 GB=CIT WOADST

2 2139511149552000CCCC0C+CCI72C1=C0047202-C008203+C€1332213061115455200000000040033201~0029202-0009203+013822130611159552000000000¢09352
C1-0076202-0011203401 28221 30611164552C000CC00C+C0742C1=0029202 < 001£2034013822130611169552000CCCCC0+40035201-00456202=0025203+4013922130
G1IITNTIeNLOCTTTOT 0L G TT-0U65cC2-CT252074013AZ2130611179532000000000¢0026201-0072202-0C362C34C1392213061118455200000000040022201=0
07720Z-203E2034012822130611189552CCC0CC00040018201-0084202-0031203+01372

5280090C000= a1£3201¢12939020tzsazos-oroszzlsosnasegsszocccccaco -0203201+1283202+0237203+4022622130
£352203+0311¢%

TTTUFIUE Uy RECORT W CONTAINS 453 ENCOTC CHARACYLRS IR COD PARITY (78 46-8iT WORDS)
213C61119455200000C00C+C022201-00235202-0025203+C13422130611199552000000000+40027201~0089202-00132034013422130611204552000000000¢00342
01-2077202-00042024C11422130611203552C€0000C0004CC39201-0059202+0004203¢0134 22130611214 55200CCCC0C0+0C38201-0052202400102034013822130

TE11219552000C0C000+0CT9Z01-10272u2+CC07202401322213051122455200000000040038201-0022202400042C2+013£822130611229552000000000+0034201~0
$22262-0005203401282213C€112345520030C000C+0036201-0022202-0015203+401382

v FILE §% RECORDS S COUTIINGS 468 EICDIC CHARACTERS 1% 00D PARITY (75 &48=0IT WORLS)

;g 2135511239@5300000CC#C*CC]6201 C0ZZ202-00252G3+C13822130611244552000000200+002362901~0044202-0C30203«013822130611249552000000000+00352
Gi-c067202- ?03;20_3_4;115_’21_3%11zsa=52cczoccouooc035901 ~0077202-0036203+013822130611259552000CCCCCN+0036201=-0086202-0034203+013822130___
6112645520000C0C0004C00262C1~-00892C2-CC25203+013822130€11269552000000000+40043201-0093202-00172C2+013822130611274552000000000+0042201=0
£92292-C0082034012822130611279552CCC0CCC00+400352C1~0089202=0000203+01282

 —

"FILE 1+ RECORC & CCNTAINS 468 ESCDIC CHARACTERS IN'COD PARITY (76 43-BIT WORCS)
21306112845520C00CC0GC+C033201~0076202+0004203+C13822130611289552000000000+0026201-0072202+CC032C3+013822130611254552000000000400222
01-C055202-0J2C0203+4012922130611259552CC00CC000+CC22201-0068202~0005203+013822133511304552000€CCCCA+L027201-0061202-0013203+013822130___
51130955200000C000C+20272C1=0047202=C0C21203¢01352213261131455200300CC00+0035201-0027202-0027202+C138221206113195520C0000000+0042201=0
C2z2Z02-0029203401202213C€11324552CC00CC00C+00422G1-0024202-0029203401382

TFTLE 1s HECORO 7 CONTAINS 468 ESCDIC CHARACTERS IN ODD PARITY (78 48=BIT HORDS)
215061132955200060CCCC+4C038201=C036202-0026203+C13822130611334552000000000+0035201-0058202=-0C242C3+013622130611339552000000000+00272
e 01°6072252=-30102C3401 2322130621 744 5S20C000050040022201=0072202-0013203+01382213056113495520000C000040022201=0075202=0010203+213422130_
| 61 1354595292900630C400E7E01=UCTTiC2~CL09207+4013522130611359552900000000+40034201-00723202-00082C1+0134221306113645520C0000000+0636201~0
06Y202-CC0520340134221305113695520C4CCC000+0043201-006£8202-0004203401382

FICE 15 RECIAC 2 CONTAINS 4H8 EOCOIC CHARACTERS IN COD PARITY (78 48=BIT WORDS)

2132611374 jggggpccuaroccs3znt-auaezaz-raaszosoc135321305:t3rssszcnoeooooOooua3201-oosszoz-oc053030013922135511zansszoaooooncoooosaz
=0GC92034011822) 106)13(95520200CC00Q+40072231-0056202=2012203401382213061139455200CCCCCCO40027201=0068202-0017203¢513822130_
T2UNC0ANCO00 00Tz =0060E02~C021202+0139221306114)4552003000000402222¢01~0069202-00272C2+013622130611409552000000000+0022201=0
~0)29203401332213061142145520C000060C+0027201-0072202-0031203431332

LAY
[}
[0 REE
(3]

TFILE 1, RECOAC 9 CCHTAINS 46€ EBCOIC CHARACTERS IN CCD PARITY (78 48~3IT WORDS)
21335114195520000800CCCC34201-6072202-0C25203+ 01382213061 1424552000000000¢0039201-0069202-0CZ72C3+013822130611429552000000000400432

01=0LCCEne02-0020203451342213061143455200200C000¢CCA3201=-0053202=-0012203¢0133221306114395520L2CCC000+40CL3201=0045202-9004203+013822130—
f bl14445S2 GOCCO0+0063201~0047202+CLC1207+40133722130€1144955200000000040035201-0052202¢00022C7+C1362213C€611454552C02500000%0035201=0
| 957202-C03U3203+51282212C511453552CCCLCO0C0+0035201-0C68202-0C02202+01382

FIGURE K1
SMDS DATA DUMP FROM TAPE




Time (10 digits) DDDHHMMSST

DDD = Julian date

HH = hours
MM = minutes 24 hour GMT
SS = seconds

T = tenths of seconds

Site ID (10 digits) SSSHXXXRRR

SSS = site

H =hole (0=,1=A,2=B,etc)
XXX = reserve digits

RRR = run number (1,2,---)

Data (8 characters per channel) CC:X:MMMMP

CC = channel identifier (00,01,02,03)
MMMM = mantissa as an integer (volts)
P = power of ten to be divided into mantissa

Repeated continuous scans thru all channels at 2 hz rate per

channel
Channel Parameter Range Scaling Factor
00 Roll + 20 DEG 0.75 v/DEG
01 Pitch + 20 DEG 0.75 v/DEG
02 Heave +1 G 20.0 v/G
03 Hookload 600 KLBS 1.0 v/100 KLBS

FIGURE K2
SMDS TAPE FORMAT
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APPENDIX L

DRILL STRING INSTRUMENTAT-ION SYSTEM
DEPLOYMENT PLAN
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A. General

The following instrumentation systems have been placed aboard the CHALLENGER to
record drill string data :

1. Instrumented drill string subs (IDSS) for recording tension, torque and bending
loads.

2. A drill bit motion instrument (DBMI) which is made up to an operational core bar-
rel. It records heave and drilling induced motion at the bit.

3. A ship motion data system (SMDS) for recording vessel roll, pitch and heave.

The available recording time is different for each system as follows:
IDSS 15 minutes
DBMI 30 minutes

SMDS 60 minutes

When possible, all three systems should be in the string and recording simultaneously.

To do this all three systems have internal clocks and delay times which allows simul-
taneous event recordings. A precise simultaneous record start for each system is not
required. Timers should be set, however for the maximum simultaneous recording of
data. The following sections of this plan describe the systems time synchronization,
deployment procedures, and modes of operation. This plan describes the general pro-
cedures. For details on system handling, operation and maintenance, refer to the follow-
ing documents:

1. Instrumented Drill String Sub (IDSS)

a) DSDP Instrumented Drill Subs (IDSS), Operational Description and Handling.

b) Instrumented Drill String Data Acquistion Systems Operation and Mainte-
nance Manual (Metrox Inc.).

c) Instrumented Drill String Sub and Recorder Operating Instructions (DSDP-
Electronics).
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d) Instrumented Drill String Sub Assembly Instructions (DSDP-Mechanical).

2. Drill Bit Motion Indicator (DBMI)

a) Drill Bit Motion Indicator Operating Instructions (DSDP-Electronics).

b) Drill Bit Motion Indicator Pressure Case Assembly and Maintenance (DSDP-
Mechanical).

3. Ship Motion Data System (SMDS)

Ship Motion Data System Operating Instructions (DSDP-Electronics).

B. Synchronization

1. Preliminary

The DBMI and IDSS recorder and interface units should be in the ET
workshop. Proceed as folows:

a) DBMI - Start, stop, range and power switches set as specified in
DBMI operating instructions. The pressure case is made up to core
barrel, shock absorber is in place and assembly is in the rig floor area
ready to receive the recorder.

b) IDSS - The recorder unit is calibrated and reference time of 00:00 is
entered as per operating instructions. Enter start time. Ensure that
start time is correlated with DBMI start time so that record data will
start simultaneously or overlap IDSS recording time. The IDSS joint
or sub should be in the mousehole, prepared to receive the recorder.
If this interferes with drilling operations, ensure that instrument
delay times are increased on DMBI and IDSS for longer handling
times if transfer from storage to the mousehole is made after the
delay time start has been set.

¢) SMDS - System to be checked out and in standby condition as per
detail procedures of the SMDS operating instructions.

Synchronization Time Mark - ET starts SMDS at 00:00 time; simul-

taneously he gives telephone time mark to ET in the E-workshop
who starts clocks on IDSS and DBMI
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C. Deployment

1.

DBMI

a)

Bring recorder to the derrick floor area, seat into pressure housing
and make-up to the latch/swivel/top cap assembly. Follow detailed
assembly instructions for DBMI.

b) Drop core barrel, with DBMI attached, down drill string.

IDSS

a) Close pressure case with cap as described in detail assembly pro-
cedures.

b) Bring unit up to derrick floor. Make-up to strain gage cable connec-

¢)

tor, seat unit, seat compression "O" ring over cap and make up to
drill string. Ensure that stop ring is in box of connection below IDSS
assembly.

Pump down core barrel which had previously been dropped.

SMDS

a)

Start unit 10 minutes prior to start time of DBMIL.

D. Modes of Operation

During operation of the system, data will be collected in primarily three modes
as follows:

1. Drill string suspended, bit at or near mudline (ML), no rotation.

This mode will measure heave induced vertical motion while the drill
string is free of hole drag. The instrumentation system will deploy on the
second or subsequent core after mudline has been established and the first
core taken with a normal core barrel. Note that the DBMI core barrel
can only recover a 7.65 meter core. The following procedure should be
followed in deployment:

a)

b)

Drop DBMI core barrel.

Pick up IDSS, pump DBMI core barrel down.
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c) Start SMDS recorder.

d) Take 7.6 meter punch core.

e) Pull off bottom, position IDSS in guide shoe as directed by the
Operations Manager. Continue to take measurements for 15 minutes
or until IDSS recording time is complete (10-15 minutes).

f) Break out the IDSS, set aside in mousehole or lay down.

g) ET removes recorder, ensure that stop ring is removed.

h) Make up string and retrieve DMBI core barrel.

i)  Transfer IDSS to scabbard, secure.

j) Continue with normal coring operations.

k) Complete deployment report forms.

2. Drill string suspended, BHA below ML, bit in consolidated sediment or
hard rock, no rotation.

This mode will measure heave induced vertical motion of the bit in the
presence of hole drag. The procedure is the same as above except that
the DMBI core barrel is landed and the 15 minute recording is made while
suspended before drilling ahead. Suspended in-hole tests should be made
well into the hole and near total depth if possible. Procedure is as fol-
lows:

a) Drop DBMI

b) Pick up IDSS, pump core barrel down.

c) Start SMDS recorder.

d) While off bottom, position IDSS in guide shoe as directed by the
Operations Manager. Continue to take measurements for 15

minutes or until IDSS recording time is complete.

e) Break out IDSS, set aside in mousehole or lay down, recorder
removed.
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f) Remove stop ring.

g) Make up string.

h) Core ahead with DBMI core barrel.

i)  Transfer IDSS to scabbard and secure.

j)  Retrieve DBMI core barrel after core taken.

k) Continue with normal coring operations.

1) Complete deployment report forms.

3. Coring In Consolidated Sediments or Basalt

This mode will record the bending stress magnitude and frequency
while the IDSS is in the guide shoe. The DMBI will record vertical
bit bounce or movement of the bit while coring. Procedure as fol-

lows:

a)
b)

Drop DMBI

Pick-up IDSS, pump core barrel down.
Start SMDS recorder.

Core ahead using normal practice.

When core is taken break out IDSS, set aside or lay down,
remove recorder, remove stop ring, secure IDSS.

Make up drill string.
Retrieve DBMI core barrel.
Continue with normal coring operations.

Complete deployment report forms. On DBMI data sheet
indicate weight on bit during coring.
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E. Postioning of IDSS in Guide Shoe

1. Drill String Suspended

Take 5 minute stations at :
10 ft above rotary table
10 ft below rotary table
30 ft below rotary table
ET will use stop watch synchronized with SMDS time and

record time of each station to nearest 1-2 minutes. Enter
on data sheet for IDSS.

2. Drilling

Using stop watch as synchronized above, record pos-
tion of IDSS strain gage and time with respect to top
of the rotary table at the beginning and end of the
recording run. Enter on data sheet for IDSS.

F. Notes and Precautions

1. When coring hard material with the instrumentation in
place, set the IDSS aside and retrieve DBMI core barrel
after one hour of operation maximum.

2. Take care to avoid snagging polyurethane strain gage jacket
when running IDSS through upper end of guide shoe at
base of rotary table.

3. The IDSS or the DBMI may be run separately with the
SMDS if one of the other systems is down or would inter-
fere severely with drilling operations.

4. Use IDSS drill pipe when drill pipe is in upper end of string

and IDSS heavy wall sub when heavy wall drilling joints are
in string.
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A two-page log sheet is to be filled out when a coordinated run is
made.
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DRILL STRING ENGINEERING DATA LOG

FOR CGORDINATED RUNS

PAGE 1 OF 2

(BE SURE PAGE 2 IS

ATTACHED)

of data

UATE TINME GMT O8SERVER'S NAME
o . Please print
SITE LEG
SHBS
{] RUN DATA SWITCH . MAG TAPEL MAG TAPE
{] RUN, NOT RECGRDED SETTINGS NAME FILE NO.
[] NOT RUN
* Data Start Time GMT
Sample Rate/Time [] 500 ms
. [] Other
10SS B
{] RuUM DATA SWITCH MAG TAPE MAG TAPE
[J RUN, NOT RECORDED SETTINGS NAME FILE NO.
[] hOT RUN
Clock Start Time GMT
. Je]ay
© % Data Start Time GMT
WHICH IDSS? Position of Actual Strain Gauges Relative
_[] Heavy wall, 5 ft. sub - to Rotary Table: o
1 Orill pipe, 30 ft. _ feet (above/below) at START of datz
k feet (above/below) at END
' (circle one)
RCAL & RZERQ: [] FROM BRIDGE (record settings)
- {] FROM INSTRUMENT
DEML |
[] Ru DATA SWITCH MAG TAPE MAG TAPE
L1 RUN, NOT RECORDED SETTINGS - WAME FILE NO.
[] NGT RUN
Clock Start Time GMT
Dalay
* Data Start Time _ GMT
Accelerometer Ranco ~ g's (Full Scale)
volts

Amplifier Zeru

Rawnarks

s Holes, Etc.

~
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. LI

DRILL STRING ENGINEERING TAPE DATA LOG

SEA DIRECTION degrees TRUE AVG PITCH
SEA HEIGHT feet (crest to trough) PEAK PITCH
SWELL DIRECTION degrees TRUE AVG ROLL
SWELL HEIGHT feet PEAK ROLL

PAGE 2 of 2

(BE SURE

PAGE 1 IS

TTACHED)

deg

deg

de

deg

WIND SPEED [] knots [] MPH HEAVE (Avg. peak to peak)

WIND DIRECTION degrees TRUE
~ SHIP'S HEADING degrees TRUE
WATER DEPTH . __[] meters [] feet

Did conditions change during the run? [] Yes [] No
If so, how?

TCTAL URILL STRING LENGTH

[]-metérs [

PP JOINT LENGTH. couisisnsnaenisne sussonsnans

# OF HEAVY WALL KNOBBY JOINTS IN STRING......

[] meters []

TOTAL LENGTH OF HEAVY WALL KNGBBY JOINTS.....

[] meters []

TOTAL LENGTH OF ALUMINUM PIPE IN STRING......

[] meters [

AVG # RUBBERS PER 30 FT JOINT OF PIPE........ :

KEJGHT OF BOTTOM ROLE ASSY.issseavesssansins

pounds

LENGTH OF BOTTOM HOLE ASSY. . unonrnernnnnnen,

[] meters T]

{1 meters []

OUTSIDE DIAMETER OF BOTTOM HOLE ASSY.,...;...

kas Heave Compensator in operation: [J] Yes [] Ne
#as drill string in hole at

i : Subsurface
START of Inst. Run? [] Yes [] Mo - Penetration

' Subsurface
END of Inst. Run?  [] Yes [] No  Penetration

Was Orill String
[] Hanging?

1 Dritfting?
] Both?

Frem

Please note any unusual ccnditions of SEA or SHIP:

[Imeters Height

[ ifect on Bit

[ Imeters UMeight

Teet
feet [] no

Teet
feet

feet

feet {] inches

PR — |

e

~__[ifeet on Bit puunds

L3
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