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PREFACE

PETRONAS Technical Standards (PTS) publications reflect the views, at the time of publication, of
PETRONAS OPUs/Divisions.

They are based on the experience acquired during the involvement with the design, construction,
operation and maintenance of processing units and facilities. Where appropriate they are based on,
or reference is made to, national and international standards and codes of practice.

The objective is to set the recommended standard for good technical practice to be applied by
PETRONAS' OPUs in oil and gas production facilities, refineries, gas processing plants, chemical
plants, marketing facilities or any other such facility, and thereby to achieve maximum technical and
economic benefit from standardisation.

The information set forth in these publications is provided to users for their consideration and
decision to implement. This is of particular importance where PTS may not cover every requirement
or diversity of condition at each locality. The system of PTS is expected to be sufficiently flexible to
allow individual operating units to adapt the information set forth in PTS to their own environment and
requirements.

When Contractors or Manufacturers/Suppliers use PTS they shall be solely responsible for the quality
of work and the attainment of the required design and engineering standards. In particular, for those
requirements not specifically covered, the Principal will expect them to follow those design and
engineering practices which will achieve the same level of integrity as reflected in the PTS. If in
doubt, the Contractor or Manufacturer/Supplier shall, without detracting from his own responsibility,
consult the Principal or its technical advisor.

The right to use PTS rests with three categories of users :
1. PETRONAS and its affiliates.

2. Other parties who are authorised to use PTS subject to appropriate contractual
arrangements.

3. Contractors/subcontractors and Manufacturers/Suppliers under a contract with users referred
to under 1) and 2) which requires that tenders for projects, materials supplied or - generally -
work performed on behalf of the said users comply with the relevant standards.

Subject to any particular terms and conditions as may be set forth in specific agreements with users,
PETRONAS disclaims any liability of whatsoever nature for any damage (including injury or death)
suffered by any company or person whomsoever as a result of or in connection with the use,
application or implementation of any PTS, combination of PTS or any part thereof. The benefit of this
disclaimer shall inure in all respects to PETRONAS and/or any company affiliated to PETRONAS that
may issue PTS or require the use of PTS.

Without prejudice to any specific terms in respect of confidentiality under relevant contractual
arrangements, PTS shall not, without the prior written consent of PETRONAS, be disclosed by users
to any company or person whomsoever and the PTS shall be used exclusively for the purpose they
have been provided to the user. They shall be returned after use, including any copies which shall
only be made by users with the express prior written consent of PETRONAS.

The copyright of PTS vests in PETRONAS. Users shall arrange for PTS to be held in safe custody

and PETRONAS may at any time require information satisfactory to PETRONAS in order to ascertain
how users implement this requirement.
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1 INTRODUCTION

An investigation has been carried out to determine the ability of different types of drill floor to sustain the
impact of drill collars accidentally dropped from the hoist.

The preliminary study indicated that no satisfactory method is yet available to predict theoretically the
permanent damage to a drill floor as a result of such an impact. As a consequence full-scale impact
tests were carried out on three types of derrick floors similar to those designed for Brent 'A’, Brent 'C'
and Cormorant 'A’. The full-scale tests showed that the best derrick-floor construction to resist impact
penetration is a sandwich construction made of steel - wood — steel with an overlaid wooden work floor.

KEYWORDS
Impact, derrick floor, drill collars, impact strength, platform.

2 OBJECTIVES OF INVESTIGATION

The objectives of this investigation were:
a. To review the calculations made to date by contractors to derrick-floor strength.

b. To test experimentally the strength of the proposed derrick-floor constructions for the Shell Expro
platform rigs.

c. To propose a preferred type of deck for future drilling floors.

d. To derive, if possible, a general theoretical method to calculate derrick floor strength with  particular
reference to their ability to resist drill collar impact.

3 PREVIOUS WORK ON IMPACT ANALYSIS

In the United States, local impact effects due to 'hard' missiles have been measured and empirical
formulae derived for penetration depth, perforation and scabbing thickness. Some of these formulae
have at least a partial theoretical background. 'Hard' missiles are defined as those which suffer only
small deformation as a result of impact compared with the depth of penetration of the missile into the
target. These formulae are based upon experimental results obtained before 1946 for projectiles and
bombs hitting or perforating concrete slabs. The two formulae most commonly used in the USA are the
modified National Defence Research Committee (NDRC) formula 2 and the Ballistic Research
Laboratory (BRL) formula "2

NDRC formula
The penetration depth x can be derived from:

G(x/d) = KNd"*D(V /1000)'*
where  G(x/d)={(x/2d)’, for x/d <2.0 }
G(x/d)={(x/d), for x/d>2.0 } (1)

and K = concrete penetrability factor
N = projectile-shape factor
d = projectile diameter (in)
D =W/d (i.e. calibre density of projectile)
W = weight of projectile (Ib)
V = striking velocity of projectile (ft /s)
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and
K=180/ (1"):...(2)

where

f." = ultimate comprehensive strength of concrete (Ib/in?)

Equations (1) and (2) are referred to this report as the modified NDRC formula for penetration.

BRL formula
The Ballistic Research Laboratory formula predicts the perforation by

E_427Dd°‘2( 4 j“” 6)
3 \1000) T
(/)

where
e = perforation (in)

Both these formulae have limitations because of the restricted range of available test data. In most of
the tests the striking missile was an essentially non-deformable projectile of armour-piercing steel, while
the target was solid. Study of the results in references 1 and 2 indicates that only the modified NDRC
formula adequately predicts the effect of impact by larger-diameter, low velocity missiles on solid
material, i.e. the situation when a drill collar is dropped on a drilling floor.

Further research is currently being undertaken by various investigators who are using energy principles
to describe impact forces on deformable targets. However, to date no significant results have been
published.

3.1 Contractor calculations

For calculating the impact of drill collars on the Cormorant 'A' drill floor, Westburne Engineering, as
contractor, has used an approximate formula based upon Roark theories4. For the Brent ‘A’ and Brent
'C' decks no calculations were carried out by the contractors to determine the strength of the drill floors
due to impact. The construction of these decks was determined on the basis of earlier deck
constructions.

The formulae arising from the 'Roark theories' are based on the criterion that the vertical deformation di
and the stress si produced in a plate by the vertical impact of a body falling from a height R are larger
than the deformation d and stress s produced by the weight of the same body applied as a static load in
the ratio:

d, s,

/ h
L =1+,1+2—...(4
s, S T d ()

oa=—=

1

This ratio is called 'the impact factor'

where d = vertical deformation due to static loading
d i = vertical deformation due to vertical impact
s = stress due to static loading
s i = stress due to vertical impact
h = drop height
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For a supported square flat plate, the maximum stress as a result of a uniform load over a small
concentric circular area of radius rois :

s = ;;VZ [(lJrv)log;—bJrv—ﬂ ...(5)

o

where 3 =0.565
v=0.3
b = plate width
t = plate thickness
ro = drill-collar radius
W = total load applied

The vertical deflection of this plate is :

d=ce

wb*
o ...(6)

where o =0.1267
E = Young's modulus

According to Roark, equations (4), (5) and (6) can be used to calculate the dynamic stresses due to
impact on flat plates. The formulae assume that impact deforms the elastic body similarly to static
loading and that the kinetic energy of the falling body equals the potential energy of the plate at
maximum deformation. This would imply that the distribution of stress and strain under impact loading is
the same as that under static loading.

Although there is a difference in the definition due to static and impact loading, for low velocities it is
less marked than for high velocities. In Appendix A, a calculation is given of the impact strength of steel
plates using the above-mentioned theory. The results show that no satisfactory comparison with the
permanent lateral deflections could be found, i.e. the stresses due to the impact far exceed the yield
stress of the material.

The contractor, Westburne Engineering attempted to Cormorant 'A’ drilling floor on the basis of the
above theories but, since they could not arrive at a satisfactory answer, they were forced to make a
design based only on experience. Since no acceptable theoretical approach for calculating the impact
resistance could be found, a series of experiments was set up to determine the actual effect of impact
of drill collars on drill floors.
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4 IMPACT TESTS

To simulate the dropping of a drill collar on to a drill floor, a full-scale test set-up was constructed, as
shown in Figure 1. This consisted of a frame holding a guide tube in which a 9 5/8" drill collar (length
9.45 m, mass 3 000 kg) was mounted. Under this frame various types of floors (maximum span 2 m)
could be installed for testing. A cable winch was used to raise the drill collar to its dropping position 3 m
above the floor, and an automatic uncoupling mechanism was designed to allow the drill collar to fall
freely into the test floor.

The impact specifications are based on a full stand (three joints each of 9 m length) of 9 5/8" drill collars
falling 1 m on to the drill floor. However, in the test rig the same impact was obtained by dropping one
drill collar (9 m long) from a height of 3 m. The higher impact velocity in the test has been shown by
Kennedys to have only a small influence on the penetration depth. Because of the male thread
connection at the end of the drill collar the impact diameter was only 0.1445 m. For all test floors, the
width was limited to the width of the frame i.e. 2 m.

The drill collar and floor frame were both instrumented with accelerometers to measure the acceleration
during impact. The steel plates and wooden layer of the floors were provided with strain gauges to
measure both the elastic and plastic strains at the same time.

The impact tests were carried out for two existing floors, viz the Cormorant 'A' type floor and the Brent
'A’ type floor (Deutag platform). In view of the results of these tests, KSEPL were asked by Shell Expro
to propose and test a suitable deck construction for the Brent 'C' platform.

41 CORMORANT ‘A’ DRILLING FLOOR

The Cormorant 'A’ drill floor was designed by TRI OCEAN and built at RDM in Rotterdam. This floor
consists of a 6-mm steel plate sandwiched between a supported 300-mm thick timber beam and a 80-
mm wooden work floor (see Figure 2). The, maximum span in this construction was 2 m. For the test,
the undersides of the lower timber layers were fitted with three strain gauges.

Figure 3 shows the situation before and after impact and Figures 4-6 the strains in the floor sections
and accelerations in drill collar and frame throughout the impact test. The forces on the floor derived
from the deceleration measurements on the drill collar are shown in Figure 7. The rebound of the drill
collar after the initial impact is clearly shown in this figure. The test demonstrated that this type of floor
has a large inherent damping and a large load-carrying capacity. It can be concluded that it meets the
EXPRO specifications satisfactorily. Although the timber work-floor layer was penetrated and badly
damaged, the steel plate suffered only a small indentation to a maximum depth of 14 mm, as shown in
Figure 8 The 300-mm thick timber beam beneath the steel plate suffered only slight cracking at the
supports.

4.2 BRENT ‘A’ DRILLING FLOOR (Deutag Platforms)

The Brent 'A" deck fabricated by Dentag consisted of a 10-mm steel plate overlaid with a 80-mm thick
timber work floor (see Figure 9). The maximum span between supports of this floor was 0.80m. For
the test the steel plate was fitted with strain gauges on the underside (Figure 10). Figure 11 shows
photos of the deck before and after the impact of the drill collar. This floor failed completely with the
impact of the drill collar and the deformations were so large that part of the energy was absorbed by
the test-rig foundation.

The drill-collar acceleration and strains in the plate are shown in Figures 12 and 13. This shows that
most of kinetic energy was absorbed by the concrete of the test-rig foundation during the first impact,
indicating that the damping afforded by the floor, in this case, was very small.
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4.3 BRENT ‘C’ DRILLING FLOOR

Based on the results of the Cormorant 'A' and Brent 'A’ tests, the Brent 'C' floor was constructed as a
"sandwich" consisting of a 10-mm steel plate - an 80- mm timber layer - a 6-mm steel plate with an 80-
mm timber work floor on top of it (see Figure 14). The timber used was 'Oregon Pine’, which is a
lightweight wood with properties as given in Appendix B. Stiffeners were used at the lower plate to
increase the bending capacity of the deck over the longer spans.

The floor was instrumented with strain gauges at the bottom of the 10-mm steel plate (see Figure 15).

Figure 16 shows the floor before and after the impact by the drill collar. Despite the complete
penetration of the first wooden layer, it can be concluded that the design of this floor was adequate to
withstand the impact of the drill collar. The total floor panel deflected vertically 13 mm. In actual
practice, however, the deflection of the whole drilling floor under such an impact will be less owing to
the presence of adjacent steel plates in the actual floor.

The 6-mm steel plate showed a maximum local indentation of 22 mm (see Figure 19). At some
locations the welds between the 10-mm steel plate and the frame gave way. This indicates that the
floor should be fabricated with full penetration welds and thoroughly inspected during construction.

Figures 18 and 19 show the acceleration of the drill collar and the strain in the steel plate during
impact. The maximum deceleration was 17 g, which is somewhat lower than the value found in the
Cormorant 'A' test. The total kinetic energy damped out very quickly, although the strain measured in
the plate directly under the impact of the drill collar was so high that the strain gauge failed.

5 CONCLUSIONS AND RECOMMENDATIONS FOR MODIFICATION

The following conclusions and recommendations for modification of the various floors can be made:
Conclusions

Cormorant 'A’ drilling floor

This type of drilling floor withstood the impact of the drill collar successfully and fulfils Shell Expro's
criteria.

Brent 'A' drilling floor

This test set-up, although not an exact simulation of actual conditions, was a valid representation of the
edge panels of the drill floor. In practice, the interior panels will derive some support from adjacent
panels but further study will be necessary before this can be quantified. It is therefore recommended
that this floor be modified to a sandwich construction as follows:

bottom to top - 10-mm steel plate

80-mm wooden layer (Oregon pine)
6-mm steel plate

80-mm work floor (Oregon pine)

Brent 'C' drilling floor

This deck was designed on the basis of the previous test results to withstand the drill-collar impact. It
can be improved further by completely enclosing the timber layer between two steel sections (l-section
DIN10 - Figure 14). To prevent excessive bending of the floor owing to impact, the maximum span
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between the sections should not exceed 2 m.

Recommendations

From the test it can be concluded that a preferred solution for the drill floor is to use a sandwich
construction of wood-steel-wood-steel with an overlaid wooden work floor similar to that given in the
Brent 'C' proposal. The steel plates should be 6-8 mm thick and the timber layers approx. 80 mm thick.

Since many existing derrick floors are constructed of steel plate, further theoretical work is planned to
arrive at a better quantification of the effect of drill-collar impact on such installations. We hope that
specifications can be developed for future derrick-floor installations.
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