INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be

from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced
form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6” x 9” black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to

order.

UMI

A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor MI 48106-1346 USA
313/761-4700  800/521-0600







NEAR-FAILURE BEHAVIOR OF JACKET-TYPE OFFSHORE
PLATFORMS IN THE EXTREME WAVE ENVIRONMENT

A DISSERTATION
SUBMITTED TO THE DEPARTMENT OF CIVIL ENGINEERING
AND THE COMMITTEE ON GRADUATE STUDIES
OF STANFORD UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

By
Douglas G. Schmucker
June 1996




UMI Number: 9630383

Copyright 1996 by
Schmucker, Douglas G.

All rights reserved.

UMI Microform 9630383
Copyright 1996, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103



© Copyright 1996 by Douglas G. Schmucker
All Rights Reserved

i




I certify that I have read this dissertation ard that in my
opinion it is fully adequate, in scope and in quality, as a

dissertation for the degree of ]/jo

/ e (221
V' C. Allin Cornell
(Principal Advisor)

I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and in quality, as a
dissertation for the degree of Doctor of Philosophy.

L e i

Helmut Krawinkler

I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and in quality, as a
dissertation for the degree of Doctor of Philosophy.

e

Dick Litton

I certify that I have read this dissertation and that in my
opinion it is fully adequate, in scope and in quality, as a

dissertation for the degree of Doctor of Philosophy.

e Wbnsl -

Steven R. Winterstein

Approved for the University Committee on Graduate Studies:

e T ——
/ /—W\_KH
- L]
[ SR S
A ~ - .- ‘_;' "-74~

i1



Abstract

During extreme storms, peak wave loads may exceed an offshore platform’s static ultimate
strength. Although a static analysis predicts collapse in such a loading environment, a
structure may be able to dynamically resist these overloads if the load is limited in duration
and the structure has sufficient inertial resistance and ductility capacity.

A basic understanding of the beyond-static-capacity behavior of jacket-type offshore
platforms in the extreme wave environment is the principal objective of this study. Insight
is facilitated first by the use of single-degree-of-freedom (SDOF) models that represent the
global (pushover) force-deformation properties of full 3-D jacket models. Based upon the
SDOF models, methodologies are developed to assess the relationship between a wave force
history and the implied beyond-static-capacity demand. Insight is furthered by the applica-
tion of the methodologies to four full 3-D non-linear dynamic models of steel jacket platforms
on pile foundations. Provided that several subtleties are appreciated and incorporated into
the static pushover analyses, the SDOF models are shown to provide satisfactory predictions
of the 3-D dynamic response both in a single- and multiple-wave environment. Depending
on the failure mechanism, these subtleties include: (a) modeling the asynchronous build-up
of the horizontal and vertical wave forces, (b) considering an overturning moment rather
than a conventional gross base shear perspective, and (c) modeling viscous damping forces.
A modified static pushover procedure is proposed that includes these effects.

We additionally observed in the 3-D dynamic models unexpectedly significant effects
related to (a) the relative velocity formulation of Morison’s fluid force equation, and (b)
dynamic effects prior to reaching static ultimate capacity. These are counteracting effects
that increase and decrease, respectively, the effective wave height capacity to a much larger
extent than is predicted from a linear elastic basis.

Accounting for a structure’s dynamic, beyond-static-capacity response may provide jus-
tification for increasing the structure’s force capacity rating 10% or even 20% beyond the
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static ultimate strength. An explicit form of the probability of failure expression is uti-
lized to demonstrate that for certain ductile structures reductions of as much as 70% in the
estimated annual failure probability may be obtained.
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