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DISCLAIMER 
 
This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof.  The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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ABSTRACT 
 

This annual, technical report will discuss the engineering research and data accomplishments that 
have transpired in support of the development of Cost Effective Composite Drill Pipe (CDP).  
The report discusses and illustrates the first iteration design of the tube and the tool joint 
interface.  The report discusses standards and specifications to which the CDP design will be 
tailored and tested, and discusses conclusions of the first iteration design for future design 
enhancements. 

 

 3



TABLE OF CONTENTS 
 
 
I  Executive Summary       5 
 
II  Experimental        6 
 
 A Design Specifications       6 
 B Initial Materials Data Base       7 
 C First CDP Mechanical Properties      8 
 D Adhesive Properties        9 
 E Initial CDP Pipe Design using Tapered Lap Joint to Pin  10 
 F Effect of Adhesive Thickness on Joint Strength    11 
 G Effect of Bond Overlap Length on Joint Strength   12 
 H Finite Element Analysis of CDP and Pipe Joint    13 
 I Buckling Analysis of the CDP      13 
 J Materials Testing in Support of the CDP Program   13 
 
III  Results and Discussion       13 
 
 A Design         13 
  A.1 Bonded Joint        14 
  A.2 Weight Comparison       14 
  A.3 Steel vs. Composite Pipe Comparison    15 
  A.4 Finite Element Analysis      15 
  A.5 Buckling Analysis       15 
  A.6 Test Data Updates into Material DataBase   15 
  A.7 Design Load Condition and Requirements   15 
 
IV  Other Discussion        16 
 
 A Logging While Drilling/Measurement While Drilling (LWD/MWD) 16 
 B Equipment Status        16 
 
V  Conclusion         16 
 
VI  References         17 

 4



I EXECUTIVE SUMMARY 

 

The objective of this effort is to develop and commercialize a design for “cost effective 
composite drill pipe” (CDP) with steel connections which is both competitive with steel drill 
pipe and which represents a significant technological advance to currently used pipe. Advances 
proposed are in three areas: 1) extending reach in horizontal drill holes; 2) Improving Logging 
and Measurement While Drilling capabilities; and, 3) Providing an enabling technology and cost 
savings in deep water drilling. 

The objectives in this reporting period were to: 1) establish mechanical requirements for the CDP 
with respect to steel pipe with steel tool joints (the steel pipe size and weight that this iteration of 
CDP is being designed around is: 5.5”, 21.9# S-135 with steel tool joint: 7.000 x 4.000 HT 55.), 
2) establish physical and environmental requirements for the CDP with respect to temperature, 
corrosive and wear envelopes, 3) create a first iteration design that will meet the mechanical and 
environmental criteria, and to select qualified materials to support the design,  and 4) establish a 
first iteration Test Plan to prove out the initial design and initial material selection. 

The following pages present 1) an initial design and discussion for the pipe, 2) discussion of the 
materials (fiber, resin and adhesive) with proven properties which have been selected for initial 
evaluation, 3) an evaluation of the critical design areas, the composite tube/metal joint interface, 
4) questions regarding the initial design specifications which must be answered by the oil drilling 
and exploration companies. 

Future reports will address other CDP design tasks including, 1) Logging While Drilling (LWD) 
and Measurement While Drilling (MWD), 2) Corrosion and Abrasion protection for the CDP, 
and 3) Handling of the CDP.  Investigation of these three areas has been initiated and is on 
going. The CDP design team will be folding these enhancements into the master design and 
master test plan as significant developments occur regarding these features. 
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II EXPERIMENTAL 
 
This section of the Report discusses the methods employed for the design of the CDP, current 
material properties in use pending test data confirmation, and the current design relative to the 
specifications. 

A. Design Specifications 

Definitions: 

Applied Load is defined as the maximum load which the CDP is expected to encounter in 
service, including the effects of temperature.  The applied load may be any combination of 
tension, compression, torsion and pressure.  The pressure may be internal, external or the net 
result of both. 
 
Test Load is defined as applied load times a safety factor of 1.5.  The test load may be used as an 
acceptance load during manufacture, validating material properties and manufacturing methods. 
 
Ultimate Load is the applied load times a safety factor of 3.0.  At ultimate load, failure of the 
CDP is expected to occur.  The ultimate load condition is not intended to consider combined load 
conditions. 

Table 1 Design Load Conditions 
 

Load Case Applied Load Test Load Ultimate Load 
Tension 
 

20,000 TVD + 133,000 lb. 
Load 

20,000 TVD + 
199,500 lb. Load 

20,000 TVD + 399,000 
lb. Load 

Compression 
 

30,000 lb. Load 45,000 lb. Load 90,000 lb. Load 

Torsion 
 

30,000 ft-lb. Load 45,000 ft-lb. Load 90,000 ft-lb. Load 

Internal 
Pressure 
 

3,500 psi. 5,500 psi. 10,500 psi. 

External 
Pressure 
 

4,500 psi. 6,750 psi. 13,500 psi. 

Temperature 
 

-67F to 250F -67F to 250F -67F to 350F 

Fatigue – 
Tension 
 

1 million cycles 1 million cycles 1 million cycles 

Fatigue – 
Compression 

1 million cycles 1 million cycles 1 million cycles 

Fatigue – 
Torsion 

1 million cycles 1 million cycles 1 million cycles 
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Discussion of Specification Requirements 
 
Tension Load – This specification requirement is derived from, and based on 20,000 TVD of 
steel pipe plus 400,000 lb. Load.  This happens to be the ultimate tensile strength of the steel 
pipe.  It is not clear what the real load requirement really should be.  20,000 TVD of steel pipe 
has a weight of 509,000 pounds, whereas 20,000 TVD of composite drill pipe will weigh in the 
order of 200,000 pounds.  Is the added 400,000 pounds a real requirement?  THE CDP DESIGN 
TEAM has requested assistance from our team members to determine the actual ultimate load 
condition, since this load will dictate the joint design to the pin and box. 

 
Temperature – It is understood that actual service temperature, while under load is typically 
less than 350F.  What is not clear is what the applied loads while at the service temperature are.  
The CDP design team has requested confirmation of load conditions combined with temperature, 
and an estimate of the maximum temperature expected and the typical duration during which the 
CDP will be loaded at the maximum temperature. 
 
Fatigue Loads – The fatigue load requirements also need to specify a load spectrum.  This load 
spectrum is unknown at the present time.  If the load spectrum is indeed the full-applied load for 
1 million cycles, then the CDP design team will request specific estimates. 
 
 
B. Initial Materials Data Base 

 
Composite materials, consisting of fiber and a resin matrix, are characterized by their lamina (or 
single layer) properties.  Having a complete set of lamina properties, and using Classical 
Lamination Theory (CLT), the properties of a complete laminate can be readily derived.  For the 
case of the CDP, the CDP design team intends to use a standard modulus, high strength graphite 
fiber combined with a non-MDA aromatic amine resin system, capable of extended use to 350 F.  
E-glass roving will be used where beneficial and to help minimize final cost. 
 
The following table identifies the lamina data derived for these materials.  They are to be 
confirmed and validated by mechanical testing. 
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Table 2   Composite Lamina Data (Preliminary) 
 

Graphite/Resin  E-Glass/Resin 
Young’s Modulus – Longitudinal  20.5 msi   5.7 msi 
Young’s Modulus – Transverse  1.4 msi    1.4 msi 
Poisson’s Ratio    .28    .29 
In-Plane Shear Modulus   .66 msi    .60 msi 
Tension Strain – Longitudinal  .00995 in/in   .02246 in/in 
Tension Strain – Transverse   .00445 in/in   .00688 in/in 
Compression Strain – Longitudinal  -.00915 in/in   -.01263 in/in 
Compression Strain – Transverse  -.01037 in/in   -.01143 in/in 
In-Plane Shear Strain    ±.01066 in/in   ±.01453 in/in 
CTE – Longitudinal    -.02 ppm/F   4.80 ppm/F 
CTE – Transverse    18.50 ppm/F   12.30 ppm/F 
 
 
Laminate Derived Mechanical Design  
Using CLT and the Maximum Strain Failure Criterion, the properties of the composite CDP pipe 
were derived. 

C. First CDP Mechanical Properties 
 

In the same manner as before, using CLT and the laminate derived properties, the properties of 
the proposed tube were determined.  The interior/exterior abrasion liners are not yet defined, so 
their properties were assumed to be pliable. 

 

Table 3   Calculated CDP Mechanical Properties 
 
Young’s Modulus-Axial    10.0  msi 
Young’s Modulus-Hoop    2.9    msi  
Poisson’s Ratio     .59 
In-Plane Shear Modulus    2.1    msi  
Tension Strength-Axial    72,300  psi 
Tension Strength-Hoop    21,800  psi 
Compression Str-Axial    -77,600    psi 
Compression Str-Hoop    -25,000    psi 
Shear Strength      ±24,200   psi 
CTE-Axial      -.32   ppm/F 
CTE-Hoop      5.44  ppm/F 
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This initial proposed tube design, having an ID of 4.25 inches and an OD of 5.81 inches, was 
used to determine the theoretical strength. 
 
Tube Tension Load Capability   891,150 pounds 
Tube Compression Load Capability   956,500 pounds 
Tube Torsion Load Capability   64,000   foot-pounds 
Tube Internal Pressure Capability   6600 psi 
Tube External Lateral Pressure Capability  5810 psi 
 
These load capabilities do not consider the effects of buckling. 
 
This proposed design has focused on meeting the 20,000 TVD + 400,000 axial load requirement, 
since this is the highest load requirement.  As noted in the Discussion of Specification 
Requirements, the 400,000-load requirement may well be a fall-out of the steel tube capability, 
and may not be applicable to the CDP.  This load condition, if applicable, together with fixed 
inside and outside diameters, creates a set of conditions where the CDP may not meet all 
conditions simultaneously. 
 
It is important that the CDP design team understands those load and design conditions which are 
actual in-service, and those which are somewhat more arbitrary.  These conditions need to be 
more accurately specified and if necessary prioritized.  Again, assistance from the industry 
support team has been requested. 
 
 
D. Adhesive Properties 

 
The joint between the steel pin and the tube of the CDP, as well as the tube and the box end were 
initially evaluated as a tapered bonded joint.  Composites, having stress-strain characteristics 
essentially linear to failure, are susceptible to stress risers caused by mechanical fasteners.  
Bonded joints can efficiently transfer load between the two joining adherends. 

 
The adhesive selected to accomplish this task is a high temperature formulated epoxy.  The 
design basis elastic-plastic properties of this adhesive, subject to revision resulting from single 
and double lap shear testing, is shown in the figure below. 
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Figure 1   Adhesive Elastic-Plastic Properties 
 

 

E. Initial CDP Pipe Design Using Tapered Lap Joint to Pin 
 
The initial design for the steel pin or box coupled to the composite pipe is shown in the figure below.  
 

Figure 2:  Initial Design for Fitting and Pipe Joint 
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F. Effect of Adhesive Thickness on Joint Strength 
 

Bonded joints typically have adhesive thickness in the .005 inch to .020 inch range.  To evaluate 
the effect of the adhesive thickness on this particular design, analysis was carried out using a 
finite-difference closed form solution for this joint.  The philosophy of this bond analysis follows 
the theoretical work of Hart-Smith and Vinson, and has been programmed for efficient 
evaluation of bonded joints.  The software is programmed in FORTRAN, and runs within a Dos 
window in Windows NT.  Each adherend has uniform elastic properties, while the adhesive is 
considered elastic plastic. 

For the current analysis, a joint overlap of 8.5 inches was used.  Thickness of each adherend 
tapered from .020 inches to .780 inches.  The bondline was considered uniform thickness 
throughout the full length of the overlap.  Four bondline thicknesses were considered, .005 
inches, .010 inches, .015 inches and .020 inches.  The program was run with the "determine 
maximum strength capability” option set, using tension loading.  The results of this adhesive 
thickness study are shown in the figure below. 
 

Figure 3   Effect of Adhesive Thickness on a 8.5 Inch Tapered Bonded Joint 
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In the results in Figure 3 above, the lower curve shows elastic joint strength per unit width, and 
the upper curve shows the elastic-plastic joint strength.  Total joint capability is determined by 
multiplying the above elastic or elastic-plastic unit width strengths times 3.14159 * 5.03, where 
5.03 is the mean diameter of the joint.  From these results, it is apparent that the thicker bondline 
works best for the current tapered overlap joint between the steel and the composite. 

G. Effect of Bond Overlap Length on Joint Strength 

To assess the effect of joint overlap on total load capability, a series of models were run with 
joint overlap length ranging from 4.5 inches to 11.5 inches.  A constant .020 bondline thickness 
was used for all runs.  The results of this analysis show that elastic joint strength increases with 
joint length, ranging from 13,341 lb./inch-width to a maximum of 16,313 lb./inch-width.  
However, for the elastic-plastic solution, the joint strength peaks at 9.5 inches, and decreases 
beyond that length.  However, as the joint length increases, the taper angle of the joint becomes 
shallower, and there is a practical consideration to be taken into account.  For this reason, the 
CDP design team will conduct further analysis of this joint using a 7.5 inch overlap length. 

At present, this joint has an elastic strength of 245,000 pounds in tension, and an ultimate elastic-
plastic joint strength of 421,500 pounds in tension.  From this initial analysis, the joint strength 
limits the load capability of the CDP pipe.  The plot of these results in shown below. 
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Figure 4   Effect of Bond Length on Tapered Bond Joint Strength 

Figure 4 shows both the Elastic joint strength, and the Elastic-Plastic Ultimate joint strength.
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H. Finite Element Analysis of CDP and Pipe Joint 

The MSC/NASTRAN model of the CDP and Pipe Joint is currently in development, and a 
complete mesh model is not available at this time.  The model will be reported during the next 
phase of this program. 

I. Buckling Analysis of the CDP 

There are 22 design conditions (or combinations) to be investigated for the CDP.  Of these, 20 
conditions relate to some form of buckling.  Buckling analysis will use closed form solutions 
where ever possible.  It is the CDP design team’s intent to program the solutions into a small 
utility program, such that all conditions can readily be evaluated whenever the design of the pipe 
or lay-up schedule changes. 

Orthotropic solutions have been selected wherever possible.  However, not all of the solutions 
with combined load conditions have been derived by academia or industry.  In the situations 
where only isotropic solutions exist, then those cited will be used. 
 
J. Materials Testing in Support of the CDP Program 

 
A comprehensive test plan, delineating all the testing that is to be performed, has been prepared 
as a separate report (Document No. CDP.Test.1). Within that report, applicable materials, 
adhesive, sub-component, and full size hardware will be tested to validate the design and 
analysis.  The testing includes static and fatigue testing. 
 
III RESULTS AND DISCUSSION 
 
A. Design 
 
The combination of restrictions on Inside Diameter to 4.25 inches and Outside Diameter held to 
5.81 inches, coupled with load/temperature/fatigue requirements derived from an existing steel 
pipe, presents a strenuous engineering task.  It is possible that all Design Load Conditions and 
Combinations, as currently presented in the tube of the CDP, Table 1, may not be met 
simultaneously. 

For the current, preliminary design, the CDP Pipe meets the tension requirements, however the 
single tapered bond joint does not.  Comparing this tube design capability with the requirements 
of Table 1, the following observations are made: 

 Tension Capability   Tube Meets All Requirements 

 Compression Capability  Tube Meets All Requirements 

 Torsion Capability   Tube Meets Test Load Requirements 

 Internal Pressure   Tube Meets Test Load Requirements   

 External Pressure    Tube Meets 86% of Test Load Requirements 

 Bonded Joint    Joint Meets 20,000 TVD + 221,500 Tension Load 
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The current tube design was designed and slanted towards the tension and compression load 
requirements.  These requirements may have been artificially set, and may not be appropriate for 
the lightweight composite design.  Assuming the tension and compression load requirements can 
be restated, then the design of the tube and joint can be redirected towards meeting the remaining 
requirements.  This is done by rescheduling the composite material combinations, and the lay up 
sequence. 

During the next report period, the CDP design team will continue to assess alternative designs.  
Currently, a thickness of .100 inches is reserved for the interior and exterior abrasion resistant 
coating/material/liner/TBD.  Assuming that an efficient material can be identified having a lower 
thickness requirement, then some of the .100 inch thickness reserved can be utilized for 
additional composite material. 

A.1 Bonded Joint 

For purposes of initial evaluation, the initial design for the joint used a single, tapered overlap 
between the steel and composite tube adherends.  For this type of joint, a .020 bond line 
thickness was shown to be beneficial in maximizing load capability.  Secondly, it has been 
shown that the overlap length is an important design driver, but not critical.  For example, the 
tapered joint having only 4.5 inches bond length has 83% of the load capability of the joint 
having 9.5 inches overlap.  The reason behind this is that the adhesive shear stress always peaks 
at the joint ends.  A tapered joint attempts to minimize the stiffness imbalance between the two 
adherends, but the adhesive shear stress peaking at the joint ends is always there. 

To summarize the current joint design: 

 Joint limits the tension strength capability of the tube. 

 Joint limits the compression strength capability of the tube. 

 The bonded joint has a higher torsional strength than the tube. 

During the next report period, alternative joint configurations will be investigated.  Designs, 
which have been used by the CDP design team to successfully provide considerably higher 
tensile capability, will be evaluated for the CDP. 

A.2 Weight Comparison 

The current calculated weight of the CDP, including Pin and Box transition sections, is 300 
pounds. By comparison, the baseline steel pipe, consisting of S-135 pipe and the HT55 Pin and 
Box ends, is approximately 800 pounds. 

Assuming that a fully compliant joint can be created, such that the full tension strength of the 
tube can be realized, and assuming that the 400,000 pound tension load is an actual requirement.  
Then, the tube 891,150-pound tension strength minus the 400,000-pound tension load leaves 
491,150 pounds as the weight of pipe in air.  The CDP is calculated to weigh 10 pounds per foot, 
therefore a TVD of 49,000 feet of pipe is theoretically possible. 
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A.3 Steel vs. Composite Pipe Comparison 

Steel is an isotropic material, and therefore has strength and stiffness capability in all material 
axes.  Unfortunately, it is also very heavy.  Composites, are considered orthotropic materials at 
the lamina level, and have strength and stiffness primarily in the fiber direction only.  It is not 
efficient to use composites in the quasi-isotropic form, their strength and stiffness is not fully 
realized. Materials have been selected and an initial design has been completed and the results 
presented in Table 3.  It is noted that the fiber direction and the percent concentration of the full 
thickness can be modified to achieve different design results.  There is still complete freedom in 
selecting the material orientation and concentration.  A greater degree of analysis will be 
required to arrive at the optimum solution. 

When evaluating the steel pipe strength capability, it is not clear that the combined load 
capability (tension + torsion, compression + external pressure, etc., etc.) are those capabilities 
listed.  The current assessment is that the steel pipe capability listed is for individual load 
conditions, not combined. 

A.4 Finite Element Analysis 

A detailed finite element model, consisting of the steel Pin, the joint transition region, and three 
diameters length of the composite tube has been started.  However, the model is not ready for 
inclusion within this report.  The current design tube and joint will be modeled, run and 
compared to the 2D bond joint analysis results. Thereafter, alternative joint designs will be 
investigated, with the tube being redesigned (in the form of lay-up schedule and variation in 
thickness of segments).  For each design configuration, a new or modified model will be created.  
The analysis will be carried out using MSC/NASTRAN, using full 3D model and axisymmetric 
solid elements for all constituents. 

A.5 Buckling Analysis 

All appropriate buckling solutions have been cited in the VII Experimental section.  These 
equations will be programmed into a small FORTRAN program to assist in the evaluation of 
each tube design.  This will allow a quick evaluation for modified designs.  The program will be 
reported in the next report. 

A.6 Test Data Updates into Materials Data Base 

The testing of material, adhesive and small subscale tubes and tube joints has been planned, and 
is currently in progress.  As that data becomes available, the material properties currently used 
for the design and analysis functions will be updated, and reported within forthcoming reports. 

A.7 Design Load Conditions and Requirements 

A series of assumptions about the requirements for individual and combined load conditions, as 
well as factors of safety have been made.  It is quite possible that the requirements were 
overstated and thus are incorrectly indication an inability to satisfy all requirements; loads, 
factors of safety, and load combinations (load levels for the combinations).  Feedback on the 
assumed load conditions, load combinations and factors of safety has been requested 
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VI OTHER DISCUSSION 
 
A. Logging While Drilling/Measurement While Drilling (LWD/MWD) 
 

Discussions have been initiated with three different developmental entities. These 
agencies are now exploring, have done so in the recent past, or are beginning work toward the 
practical application of technology which may allow real time communication from well head to 
drill face.  All three enthusiastically concur that with the availability of composite drill pipe, 
high-speed two-way communication with the drill face is possible.  Indeed, it is agreed that the 
basic technology to achieve this goal exists. It now remains to select the best combination of 
hardware, design, and demonstrate a workable system. Following this demonstration, it will be 
necessary to tune the system to achieve acceptable transmission, minimize cost, and demonstrate 
the feasibility of total system’s reliability. During the next quarterly period, detailed plans will be 
formulated for attaining these goals.  With the approval and assistance of DOE/FETC specific 
developmental work will be initiated. 
 
B. Equipment  
 

The design team has evaluated several pieces of manufacturing equipment over this first 
Quarter. The intent is to select equipment that will 1) enhance current equipment existing at the 
design facility for the CDP 2) aid in the manufacture and overall quality of the CDP, and 3) 
provide the maximum benefit overall to the CDP with respect to cost.  No new equipment has 
been purchased in behalf of the CDP to date.  The design team will report any changes to the 
equipment status in the next Quarterly period. 
 
V CONCLUSION 
 
 
Based on the current Composite Drill Pipe (CDP) research conducted in this period, and based 
on the known mechanical requirements (specifications) provided, the current CDP design firmly 
establishes that the composite pipe tension, compression, torsion and internal pressure 
capabilities meet or exceed the mechanical requirements.  The tool joint/composite pipe bond 
joint and the external pressure characteristics of the CDP do not currently meet the known 
mechanical requirements.   
 
Testing will be conducted that will provide data to either baseline the tested characteristics or 
will provide data that will justify further refinements to the tested characteristics.   Testing will 
also be conducted that confirm the properties of the selected materials or will provide data 
necessary for refining the material selections. 

We will provide further refinements to the bond joint and to the external pressure characteristics 
to satisfy the mechanical requirements.  We will bring industry partners together with the CDP 
design team to further establish what the true mechanical requirements of the CDP are.  In 
addition, we will provide more in-depth research, design consideration and discussion with 
respect to LWD/MWD and the Abrasion Coating requirement for the CDP.  The CDP Design 
Team is extremely optimistic that a firm design for the composite tube and the bond joint 
interface can be established that will meet or exceed all mechanical requirements. 
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