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IN THE NAME OF GOD

FOREWORD

By their very nature, technical Specifications are continuously subject to modifications and
revisions. To strengthen their merit and usefulness, continuous improvements, addendum, deletion of
disparate information and consequently provision of updated revisions are to be made in order to
ascertain that such Specifications meet the current requirements, inclusive of Iranian Petroleum
Standards (IPS) and the recognized and acceptable national and international Standards, as well as
the optimal codes and practices based on the accumulated in-house know-how and plant knowledge
and experiences.

However, in reality, due to several reasons, not to mention the complexity of the matter, the ultimate
goa of continuous direct embedment of the required changes on the relevant Specifications may be
far reaching. Therefore, in the interim periods between the officially issued revisions, the required
changes will appear in other documents related to the engineering and design work of the ongoing
projects.

In response to the initiative of the Design and Engineering Directorate, and considering that the task
of the execution of several important and mega projects for the realization of the new oil refineries,
pipelines and oil terminals as well as improvements of the existing facilities, has been assigned to
NIOEC, it was decided to update the NIOEC Specifications and to issue new official revisions.

The Design and Engineering Directorate was itself entrusted to carry out this important task, and as
such by forming several special technical committees, working in close co-operation and cohesion
and sharing their expertise and knowledge, the updated and revised NIOEC Specifications were
successfully prepared and complied.

These Specifications are intended to be used for Oil Refineries, Distribution Depots, Oil Terminals,
Pipelines and Pump Stations within NIOEC's projects, and have been proven to be of high value for
such purposes. It must however be appreciated that these Specifications represent the minimum
requirements and should in no way be interpreted as a restriction on the use of better procedures,
engineering and design practices or materials.

We encourage and highly appreciate the users and other clear sighted and experts to send their
comments on the Specifications to the Design and Engineering Director of NIOEC for evaluation and
approval.
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INTRODUCTION

To satisfy the requirement of this NIOEC Specification, Iranian petroleum standard, |PS-E-CE-140
(Revised on July 2009) with the modifications as specified herein after shall be strictly followed.

Articles 1 through 4 of this document replace entirely the related articles in the reference
IPS Standard.

1. SCOPE

This Specification deals with different aspects of design principles and analyses of retaining walls
and slope protection methods for cuttings and embankments as may be encountered in various civil
engineering projectsin the field of petroleum industries.

It includes different types of earth retaining walls and slope protection methods, but excludes water
front structures such as quay walls, jetties etc. except those structures common in both fields. This
Specification excludes the structural analysis of reinforced concrete, and temporary support of
excavations, for which, reference is made respectively to NIOEC-SP-10-01 and NIOEC-SP-00-02.

This Specification deals with general terms and requirements and its application to any particular
project may be subjected to the special requirements of the work under consideration.

Deviations from this Specification will only be permitted on obtaining written approval from
NIOEC.

Resolution on cases not explicitly stipulated in this Specification, or on cases where conflicts may
arise among the requirements of the referenced/relevant |PS and the international standards, shall be
made through written consent and approval of NIOEC.

2. REFERENCES

The following standards, codes, and specifications, to the extent specified hereinafter, shall
constitute a part of this NIOEC Specification. Latest edition of the undated referenced documents
and the cited edition of the dated references shall apply. The applicability of changes made to the
dated references after the cited date shall be mutually agreed upon between NIOEC and the
vendor/contractor.

NIOEC SP (NIOEC SPECIFICATIONS)

NIOEC-SP-00-01 “NIOEC Specification for Civil Design Criteria”’

NIOEC-SP-00-02 “NIOEC Specification for Site Preparation Earthwork and Sewers”
NIOEC-SP-00-03 “NIOEC Specification for ground improvement”

NIOEC-SP-00-04 “NIOEC Specification for Foundation and Dike for Storage Tanks”
NIOEC-SP-00-05 “NIOEC Specification for Excavation and Backfill for Civil Work”
NIOEC-SP-00-10 “NIOEC Specification for Units”

NIOEC-SP-10-01 “NIOEC Specification for Concrete”

NIOEC-SP-10-12 “NIOEC Specification for Piles’

NIOEC-SP-10-15 “NIOEC Specification for on Shore Facilities’

NIOEC-SP-10-17 “NIOEC Specification for Soil Engineering”

BSI (BRITISH STANDARD INSTITUTION)
BS 5930: 1999 “Code of Practice for Site Investigations’
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BS 6031: 1981 “Code of Practice for Earthworks’
BS 6349-1:2000 “Maritime Structures, General Criteria”

IPS (IRANIAN PETROLUM STANDARDS)

IPS-E-CE-140(Revised on July 2009) “Engineering Standard for Retaining Walls & Slope
Protection”

NAVFAC (NAVAL FACILITIES ENGINEERING COMMAND)
DM-7.02 “Foundations and Earth Structures’

2.1. Equivalent to IPS Standards
Substitute the following IPS standards as referred to throughout IPS-E-CE-140 to relevant
NIOEC's Specifications as follows:

IPS Standard Relevant NIOEC Specification
IPS-E-CE-110 NIOEC-SP-10-17
|PS-E-CE-200 NIOEC-SP-10-01
NIOEC-SP-00-01
IPS-E-CE-120 NIOEC-SP-00-04
NIOEC-SP-00-01
|PS-E-CE-140 NIOEC-SP-10-16
IPS-C-CE-112 NIOEC-SP-00-02

NIOEC-SP-00-03
NIOEC-SP-00-05

IPS- G-CE-470 NIOEC-SP-10-15
IPS-E-CE-130 NIOEC-SP-10-12
3. UNITS

International system of unites (SI) shall be used in accordance with NIOEC-SP-00-10, unless
otherwise specified.

4. DEFINITIONS AND TERMINOLOGY
The following terms are defined for general use in this Specification.

Diaphragm wall: A system of construction in which a bentonite slurry is employed to maintain a
pressure head and stabilize a trench being formed with boring or grabbing equipment. When the
required depth has been reached the trench is concreted from the bottom upward, displacing the
slurry for removal.

Gabions: Stone-filled steel wire baskets which can be assembled or stacked like building blocks to
act as retaining walls or provide slope and erosion protection.
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Gravity wall: A retaining wall of heavy cross section that resists horizontal loads by means of dead
weight.
Note: The dead weight may be augmented by ground anchors.

Index properties: Refers to those properties that indicate the type and condition of soil. The tests
required to determine the index properties are called classification tests.

Retaining wall: Structures intended to hold back masses of earth or other loose material where
conditions make it impossible to let those masses assume their natural slopes.

Sheet Piling: A pile with agenerally flat cross section, made to interlock with adjoining sections to
form a thin diaphragm wall or bulkhead, used to resist the lateral force of retained earth or water
when part of temporary and permanent structures.

Weephole: In wet ground a hole generally provided through retaining walls to allow the discharge
of water so asto prevent the development of excessive hydrostatic head of water.
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FOREWORD

The Iranian Petroleum Standards (IPS) reflect
the views of the Iranian Ministry of Petroleum
and are intended for use in the oil and gas
production facilities, oil refineries, chemical and
petrochemical plants, gas handling and
processing installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can
select his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the
user. This addendum together with the relevant
IPS shall form the job specification for the
specific project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the
relevant technical committee and in case of
approval will be incorporated in the next revision
of the standard.

Standards and Research department
No.19, Street14, North kheradmand
Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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General Definitions:

Throughout this Standard the following
definitions shall apply.

Company :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas  Company, and  National
Petrochemical Company etc.

Purchaser :

Means the "Company" Where this standard is
part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part
of contract documents.

Vendor And Supplier:

Refers to firm or person who will supply and/or
fabricate the equipment or material.

Contractor:

Refers to the persons, firm or company whose
tender has been accepted by the company.

Executor :

Executor is the party which carries out all or part
of construction and/or commissioning for the
project.

Inspector :

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work.

Shall:

Is used where a provision is mandatory.

Should

Is used where a provision is advisory only.

Will:

Is normally used in connection with the action
by the “Company” rather than by a contractor,
supplier or vendor.

May:

Is used where a provision is completely
discretionary.

D soges Gyl
D9y 0 S5 @ s o lastial ol o

e S0 e el oylyg atily g el sl eS8 @
plio Gl oS08 ol S5 Ll oS08 oyl o

Dgbr @lble e g sondg

Dl 5

olew S lawe 5l cise o luiliwl cplas " 58"
S Ml by adboe "8 LB" ] et 0y
el 5] 810,15 S e 51 sty 3 il ol

(0SS (ynoli 9 oiulig 58

SV g Dl o5 098 o0 AT (attd b g daige 4
lai oo 5ol 1) Crio o) 090

HSlewy

Oolpiday 45 958 00 AT (IS0 g dege ¢ el 4
Gl 00l a8 50y ouslie b g daslie (5l

Sy

Shsend b oples &5 vpdoe DI (o295 4 5
o ool ] 0595 g3l el b s (22t sl lS

ol
oS pdge Dl (25,5 L 0% 4 Lyl bl ol o

il

Sgds oo ooliiul ol g Lzl T plsil &S ()5 sl
‘Ao g

Dgdise dmogi o] el D950 a5 ()5 sl

Ty

S b gllas IS plol S 59 se solitul gl 55 Ysens
Sgd oo 03l 3 S ,S

Gl (Ko

RO PP e Q] alxil a5 (6,15 (ol

Documents

Document Sharing Hub

Full document details: NIOEC SP-10-16 2015


http://www.avadocuments.com/doc/nioec-sp-10-16-2015
http://www.avadocuments.com/doc/nioec-sp-10-16-2015

I E IPS-E-CE- 140(1)

ENGINEERING STANDARD
FOR

RETAINING WALLS AND SLOPE PROTECTION

FIRST REVISION
JULY 2009
g O lasliw
sl

o cbla> g Jol> laylgo

Jol oy

WAA 313 50

This Standard is the property of Iranian Ministry of Petroleum. @ Gl o] e pled .ol o)l el & jl59 4 Blase o asliwl ol
All rights are reserved to the owner. Neither whole nor any A B ) ) -

part of this document may be disclosed to any third party, Ll olnl et Dliy (55 Caldy g il 5 e0p ol S
reproduced, stored in any retrieval system or transmitted in 0yuid 5SS Aozl Ay U S He 4y o lasbial ol 5l cas
any form or by any means without the prior written consent of eF 5 el o3 iS5 6)%00 sy b e il sl

the Iranian Ministry of Petroleum.
Documents

Document Sharing Hub

Full document details: NIOEC SP-10-16 2015


http://www.avadocuments.com/doc/nioec-sp-10-16-2015
http://www.avadocuments.com/doc/nioec-sp-10-16-2015

I 5 Jul. 2009 /1Y AA 513 50 IPS-E-CE- 140(1)

CONTENTS: Page No. redllan Cow o8
0. INTRODUCTION ..cooovormmmmnnrmenennneessssssssssssssses 3
Y et es Aoddio —¢

PART ONE RETAINING WALLS:

1. SCOPE ... 4
K s S yyl5 aols )
2. REFERENCES ........ccoorreenneneeerneneseenennens 5
O ettt ettt et ettt ba s &l =Y
3. DEFINITIONS AND TERMINOLOGY ........... 6
B ettt e OB 519 g ey Y
4. UNITS .o 7
N ettt aeaeaennennen Lb»‘g -¥
5. TYPES OF RETAINING WALLS.......cccccecevuuee. 7
N e J;L’> ‘_gl.ib)b.lé &‘9;‘ A
5.1 General...........ccoeuvvvreennnen. 7
N ettt anes oo V-0
6. FACTORS AFFECTING SELECTION OF
TYPE OF RETAINING WALLS ........cccceeveeunnes 9
Qs bl syl g4 il 4o Jgo Jolge —F
7. FORCES ACTING ON RETAINING
WALLS ..o 10
Yo s Flo 5las po,lg sdg s -V
7.1 Lateral Earth Pressure...........cccocoevvrenunnnee. 10
Y & ettt eae S Epe | E 3 W B B
7.2 SUFChAarges ........cooeeeeeeerrrreeeeeeeeeeenenenenen 14
| OO RUUUEUROTRUVRRO L0 Y-V
7.3 Water Pressure..........vvenenrenecccneerenecenens 14
Y ettt aes of ,Lis v-v
7.4 Earthquake Forces..............cccovuvevveruninnncnnne. 15
Y0 ettt Ay g F-V
7.5 Other FOorces....... e 16
Y ettt ettt s gy wlw O-V
7.6 Minimum Design Load .............cccccccvuvurunneene. 18
YA ettt > lb L JElas £V
8. METHODS AND PROCEDURES FOR
ANALYSIS OF RETAINING WALLS ............ 18
YA e bl s ylas Ll bulgs g vgy —A
8.1 Selection of Relevant Soil Parameters
fOr Desi@n ...t 18
VA 2lib Gl S i jo sl il )l olsl V-A
8.2 Design and Analysis of Retaining Walls .....24
| (F SRR bl sylgs Judxi g 21,k Y-A
Documents
1 Document Sharing Hub

Full document details: NIOEC SP-10-16 2015


http://www.avadocuments.com/doc/nioec-sp-10-16-2015
http://www.avadocuments.com/doc/nioec-sp-10-16-2015

I 5 Jul. 2009 /1Y AA 513 50 IPS-E-CE- 140(1)

9. COMPLEMENTARY CONSIDERATIONS
RELATED TO DESIGN OF RETAINING

WALLS .ot 29

YA bl sb,lgo ol a4 be o LSS Ollasde -4
9.1 General................ceeveeururuncncse. 29

Y s o -4
9.2 Provisions for Drainage............ccccoevuvuvenennne. 29

) TR Sy Wlaages Y-9
9.3 Provisions to Improve Resistance

against SHAINgG.........ccocoeeveeveveverreeecereeeceeneen 30

| IS ool 50 Cuglio Sgugy Olugod ¥-1
9.4 Retaining Wall Joints ..........cccceoevevevcernercecnnee. 32

YY s bl Hleo sy F-1
9.5 Other Considerations...........c..ccccoeeecuruecueucnecne. 33

| 2 U URUURRURRRIN olbsde wle b-1

PART TWO SLOPE PROTECTION:

1. GENERAL......ooecsirieeeintneeesesssssesesssssean 35
Y B oo —)
2. TYPES OF SLOPE STABILIZATION
METHODS ......covreeereirenee 35
) YRR 9 53wyl slevgy glgl Y
2.1 SOilS ..o 35
Y0 ettt st ene LS V-
2.2 ROCKS ..o 36
X ettt ettt st s LSoww Y-V
3. SURFACE PROTECTION OF SLOPES ......... 37
YV et b Slg yis o cblos> -
3.1 General.............coceeveeveenennnen. 37
Y Y ettt nan oo V-Y
3.2 Types of Protection Methods.......................... 37
YV e cblis glbg, glsil Y-V
APPENDICES:
was-d
APPENDIX A LATERAL EARTH PRESSURE
COMPUTATIONS ..o 41
) 1 [SUSRRUIORRRN SB Sl s Olawlxo Il Cangn
Documents
2 Document Sharing Hub

Full document details: NIOEC SP-10-16 2015


http://www.avadocuments.com/doc/nioec-sp-10-16-2015
http://www.avadocuments.com/doc/nioec-sp-10-16-2015

IE Jul. 2009 / \WAA 515 o

IPS-E-CE- 140(1)

0. INTRODUCTION

In various civil engineering projects, it becomes
often necessary to adopt measures for retaining
earth masses and protecting slopes of cuttings and
embankments. This Engineering Standard gives
guidance on the design and analysis principles of
earth retaining structures and slope protections.
Due to its broad scope, the Standard is presented
in two parts:

Part One - Retaining Walls

Part Two - Slope Protection
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PART ONE
RETAINING WALLS

1. SCOPE

This Engineering Standard deals with different
aspects of design principles and analyses of
retaining walls methods for cuttings and
embankments as may be encountered in various
civil engineering projects in the field of
petroleum industries.

It includes different types of earth retaining walls
methods, but excludes water front structures such
as quay walls, jetties etc. except those structures
common in both fields. Also, the structural
analysis of reinforced concrete, and temporary
support of excavations are not included, for
which, reference is made respectively to IPS-E-
CE- 200 and IPS-C-CE-112.

The Standard is written in general terms and its
application to any particular project may be
subjected to the special requirements of the work
under consideration.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
May 1998, as amendment No. 1 by circular No.
29.

Note 2:

This standard specification is reviewed and
updated by the relevant technical committee on
November 2004, as amendment No. 2 by circular
No. 259.

Note 3:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on July 2009, which is issued as
revision  (1). Revision (0) of the said standard
specification is withdrawn.

Note 4:

In case of conflict between Farsi and English
languages, English language shall govern.
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2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent
specified herein, form a part of this standard. For
dated references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the company and the vendor. For
undated references, the latest edition of the
referenced documents (including any
supplements and amendments) applies.
BHRC(BUILDING AND HOUSING
RESEARCH CENTER)

BHRC-PNS 253 "Iranian Code of Practice for
Seismic Resistant Design of
Buildings, Standard No.
2800-05, 3rd Edition"

IPS IRANIAN PETROLEUM STANDARDS)

IPS-C-CE-112 "Construction Standard for
Earthworks"

IPS-E-CE-110 "Engineering Standard for
Soil Engineering"

IPS-E-CE-120 "Engineering Standard for
Foundations"

IPS-E-CE-130 "Engineering Standard for
Piles"

IPS-E-CE-200 "Engineering Standard for
Concrete Structures"

IPS-G-CE-470 "Engineering and
Construction Standard for
Onshore Facilities"

IPS-E-GN-100 "Engineering Standard for
Units"

BSI (BRITISH STANDARDS INSTITUTION)

BS 5930:1999 "Code of Practice for Site
Investigations"

BS 6031 :1981 "Code of Practice for
Earthworks"
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BS 6349-1 : 2000 "Maritime Structures,
General Criteria"

NAVFAC(NAVAL FACILITIES
ENGINEERING COMMAND)
DM-7.02 "Foundations and Earth
Structures"

3. DEFINITIONS AND TERMINOLOGY

The following terms are defined for general use
in this Engineering Standard.

- Diaphragm Wall:

A system of construction in which a bentonite
slurry is employed to maintain a pressure head
and stabilize a trench being formed with
boring or grabbing equipment. When the
required depth has been reached the trench is
concreted from the bottom upward, displacing
the slurry for removal.

- Gabions:

Stone-filled steel wire baskets which can be
assembled or stacked like building blocks to
act as retaining walls or provide slope and
erosion protection.

- Gravity Wall:

A retaining wall of heavy cross section that
resists horizontal loads by means of dead
weight.

Note:

The dead weight may be augmented by ground
anchors.

- Index Properties:

Refers to those properties that indicate the
type and condition of soil. The tests required
to determine the index properties are called
classification tests.

- Retaining Wall:

Structures intended to hold back masses of
earth or other loose material where conditions
make it impossible to let those masses assume
their natural slopes.
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