Seismic Vulnerability, Behavior and Design

.of Underground Piping System

Discussion on Soil Restraint
Against Horizontal Motiou of Pipes

by

Leon Ru-Liang Wang

Sponsored by National Science Foundation

Research Applied to National Needs (RANN)

Grant No. ENV76-14884

Technical Memorandum (SVEDUPS Project) No. 1

January 1978

Department of Civil Engineering
Rensselaer Polytechnic Institute

Troy, New York 12181 _
REPRODUCED BY

NATIONAL TECHNICAL
Any opinions, findings, conclusions 'Nl:ogtmﬁgﬁ C§MEN|$E\|{GLCE
or recommendations expressed in this 5+ SPRINGFIELD, VA, 22161

publication are those of the author(s)
and do not necessarily reflect the views
of the National Science Foundation.






50272-101

REPORT DOCUMENTATION |1.REPORT NO. ‘ 2. 3. Recipient's Accession No.

PAGE NSF/RA-780335 v
4. Title and Subtitle ) ) 5. Riport pated 5 T o f 7
Discussion on Soil Restrdaint Against Horizontal Motion of Pipes) anuary ]978

3

Seismic Vulnerability, Behavior and Design of Underground Pip- [ -

ing System, Technical Memorandum No. 1

——— — . - . I .
7. Author(s) 8. Performing Organization Rept. No.

Technical Memor. No. 1

9 Performnng Organization Name and Address . 7 T 10 Project/Task/Work Unit No.
Rensselaer Polytechnic Institute SVBDUPS Project

Department of Civil Engineering traciios S
Troy, New York 12181 1. Contract(@) or Grant(S) N

[{®]

ENV7614884

G}

12. Sponsoring Organization Name and Address
Applied Science and Research Applications (ASRA)
National Science Foundation
1800 G Street, N.W, 1a. -
| Washington, DC 20550

15. Supplementary Notes

13. Type of Report & Period Covered

-16. Abstract (Limit: 200 words) I N [ - B

A systematic way of assessing the adequacy and vulnerability of water/sewer distribu-
tion systems subjected to seismic loads and future design methodologies are developed.
This technical memorandum comments on the comprehensive report issued in October 1977
by J. Audibert and K. Nyman on the current state of knowledge of soil resistance to
horizontal pipe motion, known as the soil subgrade reaction., It is pointed out that
these authors treated buried pipes with discrete springs for the analysis of the soil-
structure interactions problems. The discussion in this memorandum supplements the
report in two respects. Firstly, this discussion stresses the usage of continuous secil
springs in the analysis. For buried piping systems which may involve many nodes and
members, discrete springs are not considered to be able to model soil resistance proper-
ly for given member and rotations. Secondly, from an analysis of existing literature,
correlations of the soil horizontal resistance to several other basic soil parameters,
other than the ultimate strength used in the report, are made.

17. Document Analysis a. Descriptors

Water pipelines Water pipes Water distribution
Water supply Seismic waves

Sewer pipes Soil dynamics

Seismology Seismic detection

b. Identifiers/Open-Ended Terms
Seismic vulnerability

c. COSATI Field/Group

18. Availability Statement 19. Security Class (This Report)

NTIS I
20. Security Class (This Page) 22. Price P(C Apa.
JIF Nof
(See ANSI-735.18) See Instructions on Reverse OPTIONAL FORM 272 (4-77)

' (Formerly NTi8-35)
I Department of Commerce



ACKNOWLEDGEMENT

This is the first in a series of Technical Memoranda under the general
title of 'Seismic Vulnerability, Behavior and Design of Underground Piping
Systems' (SVBDUPS). A technical memorandum is written with somewhat limited
objectives and scope as compared to a technical. report.

The research has been sponsored by the Earthquake Engineering Program of
NSF~RANN under grant No. ENV76-14884 and Dr. S.C. Liu is the Program Manager of
this Project in which Dr. Leon Ru-Liang Wang is the Principal Investigator. The
overall aims of this research are to develop a systematic way of assessing the
adequacy and vulnerability of water/sewer distribution systems subjected to
seismic loads and to develop future design methodologies.

The technical memorandum is converted from the discussion paper submitted
to ASCE for consideration of possible publication. The author wishes to express
his appreciation for the inputs and discussions from Dr. Michael 0'Rourke, Senior
Investigator and Prof. Dimitrios Grivaé, Faculty Consultant of the project and
Dr. Jean M.E. Audibert, one of the authors of the original papef.

Appreciation also goes to the Advisory Panel which consists of Mr. Holly A.
Cornell, President of CH2M Hill, Inc¢., Corvallis, Oregon; Dr. Larry J. Feeser,
Professor énd Chairman of Civil Engineering, R.P.I.; Mr. Warrem T. Lavery,
Superintendent of Latham Water District, Latham,‘N.Y.; Dr. Richard Parmelee,
Professor of Civil Engineering, Northwestern University and Drs. Jose Roesset and
Robert Whitman, Professors of Civil Engineering, M.I.T., for their constructive
comments and suggestions.

The typing and proofreading of this report by Mrs. Jo Ann Grega is also
appreciated.

Please note that although the project is sponsored by the National Science
Foundation, any opinions, findings and conclusions or recommendations expressed in

this publication are those of the author and do not necessarily reflect the view

of NSF. o8
b



Soil Restraint Against Horizontal Motion of Pipes(a)

Discussion by Leon Ru-Liang Wang(l), M. ASCE

The authors have produced a rather comprehensive report on the current state
of knowledge of Soil resistance to horizontal pipe motion, kh (Force /'unit area/
unit displacement), known as the soil subgrade reaction. In addition to the ex~- .
tensive literature on the soil-pipe and soil-plle interaction problems, the authors

" present experimental data from in-situ and model tests. These daté are valuable

in the sense that more data are added to the present vast but uncorrelated data
pool. To be useful for the future applications, kh must be correlated to one or
more easily measured parameters. The attempt by the authors to relate the soil
restraints to its ultimate values is a step in the right direction. For the analy-
sis of the soil-structure interactions problem, the authors treated the buried
pipes with discrete springs.

Note that the soil subgrade reactiom, kh, is not only a very convenient and
useful quantity in expressing the soil restraint against horizontal pipe motion,
but a very fundamental parameter governing the soil-pipe interaction behavior.
However, as indicated by the authors, the definition of soil restraint at the pre-
sent time is not unique in the literature and the available methods of obtaining
adequate values are very imprecise and poorly understood., More investigation and
discussion about the subject is needed.

Based on a couple of recent studies(k’z), this discussion supplements the
paper in two respects, Firstly, this discussion stresses ﬁhe usage of continuous

soil‘springs in the analysis. For buried piping systems which may involve many

(a) October 1977 by Jean M.E. Audibert and Kenneth J. Nyman (Journ. of Geo-
technical Engineering Division, Vol. 103, No. GT10)

(1) Associate Professor of Civil Engineering, Rensselaer Polytechnic Institute,
Troy, New York



nodes and members, discrete springs can not model soil resistance properly for
given member end rotations. To solve the system by a computer it would be ap-
propriate to model the continuous soil resistance by the consistent spring
(finite element) approéch<k) at the pipe nodes. Basically, by equating the
strain energy from the soil continum to that from a set of equivalent nodal dis-
placements governing the buried pipe deflections, the soil resistance stiffness,
which is conformable to the pipe element stiffness, can be obtained. Without

details, the soil stiffness matrix which represents the horizontal soil resis-

tance within a buried pipe element is given below:
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Where kL (Force/unit length/unit displacement) is soil lateral spring constant
and L is the length of pipe element.

Note that this matrix, after post-multiplying the nodal deflections and
rotations, will yield the equivalent soil resistance components (in terms of
forces and moments).at the ends of a buried pipe element which is being deformed
consistently to the displacement of the soil continum along the pipe element. The
advantage to handle a buried piping system by combining the soil stiffness matrix

to the pipe stiffness, which in turn, reduces to an ordimary structural analysis



problem, ig then obvious.

Secondly, from an analysis of existing 1iteratures(2), the Writer‘ﬁishes
to supplement correlations of the soil horizontal resistance to several other
basic soill parameters other than the ultimate strength used by the authors.

(h)

Theoretically, Parmelee and Ludtke in a recent paper have derived a

lateral soil spring constant, kL using an elastic half space approach as

follows:

T, ' ®)
in which v is a dimensionless parameter depending on the ratio of the buried

depth to the pipe diameter and ES is Young's modulus of the soil.

Experimentally, there are data from several investigations not reported by

(d)

the authors. In 1964, McClure et al reported some experimental data of soil

spring constant, kL’ termed as foundation modulus, and soil shear wave velocity,
VS, for several types of soil. The correlation between the soil lateral spring
kL and the soil shear wave velocity, VS is shown in Fig. a. From this figure,

there appears to be a linear relationship between kL and VS in a log-log scale.

(a,b)

Recently, Howard Teported ﬁore semi-empirical data of moedulus of soil

reaction, E' (Force/unit length/unit displacement) for which the traditional cul-

ed(71 to 74) (1,60)

vert design is bas . Although several investigators have claimed

that E' is not a fundamental soil property, no attempt has been made to correlate
E' with other soil resistance parameters such as kL or kh.

(e,f,g,i,j)

In Japan, many studies have investigated the soil-structure

interaction behavior through observations of dynamic responses of underground
s c '

structures, mostly submerged tunnels. Very recently, Kunihiro et al< ) reported

a direct measurement of kﬁ values at a number of the depths below ground surface

using a special tester in boring holes. The corresponding Young's modulus, ES,

at the same depth was obtained by uniaxial compression tests. The correlation



between kh and ES is shown in Fig. b which also seems to show a linear relation-
ship, but in an ordinary scale.

Finally, despite the fact that there are vast information on the soil-pipe
interaction problems mentioned, more reseafch is needed to define and cérrelate

various parameters now in use for practical applications.
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