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This research is about the evaluation of standards provided for steel and concrete struc-
tures in industrial buildings in the case of making a contract between Iran and Finland. If
a contract is made between the two countries, standards are regulated based on the re-
sources existing in the country of destination (country in which the project is conducted)
and the country of origin (country which conducts the project) must accept the standards
of the country of destination.

In this regard, it is attempted in this project to evaluate the standards of steel and concrete
structures in the implementation of industrial buildings which are confirmed in Iran. It
should be noted that since the volume of these standards is high, all of them are not in-
cluded in this research. Some topics of these standards have been selected and introduced.

An important purpose which is pursued in the research is the identification of standards
confirmed from Iran to Finland. In this regard, first the steel structures and standards
related to it and second the concrete structures and standards related to it are introduced.
The fourth chapter summarizes Iranian building codes and standards and introduces the
load distribution on buildings, briefly discussing fire protection and fire resistance and
climatic issues. The research method is descriptive analysis with a library tool.
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1 INTRODUCTION

The purpose of this study is to describe Iranian codes and standards for steel and concrete
structures in industrial buildings. This is important when making a contract between Iran
and Finland in construction projects. The codes and standards are somewhat different
because Iran uses mostly American codes and standards and Finland uses European codes
and standards. Also, geographical and climatically different circumstances affect the

codes and standards.

The second chapter introduces steel structures in general and the design and foundation
for building steel structures. When building foundations several issues have be consid-

ered, for example ground water and seismic design.

The third chapter discusses concrete structures in general and the foundation and design
for building concrete structure. Also, the effects of an earthquake to concrete structures

is discussed.

The fourth chapter discusses Iranian building codes and standards. First the engineering
standards for loads are discussed. The environmental loads focus on wind, snow, rain and
earthquake loads. Then fire protection and fire resistance are discussed. The last part fo-

cuses on corrosion in the climatic circumstances of Iran.

The last chapter is the conclusion. The codes and standards in industrial building are such
a vast topic, only a few main issues have been introduced in this study. This study could

be helpful in cooperation between Iran and Finland.



2 STEEL STRUCTURES

2.1 Introduction of Steel Structures

This section will try to introduce steel structures. Steel structures are divided into three

categories

e Framed structures which are a set of axial, flexural or axial flexural members.
e Shell structures which are storages keeping fluids and gases where the axial
force is dominant.

e Suspended structures in which tensile force is dominant.

The purpose of steel structures in civil engineering is usually to have framed structures.
The role of the frame in a building is to transfer dead loads and live loads and earthquake

and snow charge from a structure to foundation and maintain overall structural stability.

In most cases, rolled profiles are used to build steel structures. If the designed dimensions
are other values, the related profile can be provided using plates existing in market. (Ar-

ticle 10 of national regulations 2015.)

2.1.1 Design of Steel Buildings

The selection of the type of section, the method of construction, the method of exploita-
tion and the location of the building create various features and characteristics to build a
load-bearing skeleton for a building. Advantages of each structural system and its re-
quired materials can be used if characteristics and features of those materials and systems
are considered in the designing stage and the designer must correctly judge each one of
the materials. This issue is necessary especially in buildings with steel skeletons. Struc-
tural criteria in the following have high importance in overall designing and placing pil-

lars:

e Type of section

e Arrangement and method of placing sections
e Anchorage distances

e Size of roof spans

e Type of bracing

e Type of rigid system

e Location of placing rigid system (Interior Spacing System)



2.1.2 Interior Spacing System of Steel Structures

For optimized use of desirable properties of steel buildings, interior spacing system
must
e Consist of prefabricated components because more rapid installation and con-
struction of the structure shortens the overall construction time.
e Have lightweight components to minimize overall building weight.
e Have the selected system type to be compatible with the selected system in-
strument.

e Have fire-resistance with an economic approach.

2.1.3 Interior Spaces of Steel Buildings

Interior spaces of a steel structure usually consist of:
e Ceilings
e Roof
e Exterior walls
e Interior walls
o Walking system (stairs and elevator); by accurate and scientific coordination it is

possible to obtain the most economic approach for construction of buildings.

What has been discussed here is a brief description of steel structures, their types and
components. Since the relevant standards and principles for steel structures are very de-
tailed, this paper tries to examine the principles of one of the items for industrial build-

ings.

2.1.4 Industrial Buildings

Industrial buildings have various types, for example, one-story buildings with large spans
and slope roof that can have overhead or gantry cranes. These buildings, as their name
suggests, are used for industrial and productive applications but because such buildings
as warehouses, hangars, sports halls and so on have almost the same status in terms of
shape and structural system with industrial buildings, the former can be considered in this
group as well. The reasons of the similarity of the skeleton of industrial buildings are the

common properties from which the most important are



o Due to need for big spaces for exploitation, it is mostly attempted to increase the dis-
tance of pillars as much as possible and as a result to reduce their numbers.
¢ Industrial buildings are often one-story or two-story and rarely built in more than one-

story. One-story buildings, in turn, are divided into single-span and multi-spans.

Industrial buildings are classified based on the repeat in compounds of loads deter-
mined for various buildings. In fact, this repetition and cycle of the imposed load is
considered during exploitation of a building. Usually, assuming a 50-year exploitation
period sounds appropriate. (Design and Calculation criteria for Steel Industrial Build-
ing 2016.)

PICTURE 1. An overview of an industrial building a) with several spans b) with a span
(Hamidi & Rahimi Derazkola 2016, 69)

A:

Structural members of buildings in this category during the exploitation period of a build-
ing (under the impact of determined loads) will experience a repeat between 500000 and
2000000 or more than 2000000 loading cycles. Designer must analyze the structure by

considering position of each one of these loads which is most likely to occur.

B:
Structural members of buildings in this category are under the effect of a repeat over

100000 to 500000 of specified loads during exploitation years of the building.



C:
Structural members of buildings in this category are under the effect of a repeat between
20000 and 100000 periods of determined loads during exploitation years of the building.

D:
Structural members of buildings in this category have the effect of a repeat over 20000
periods of determined loads during exploitation years of the building.

The roof system of these buildings includes a load-bearing structure, structural coating
and insulator of moisture and heat. Load-bearing structure of the roof consists of beam or
truss in each frame which is in the back of rafters of the roof lining. In the case of using
prefabricated slabs with large sizes, it may not be necessary to use load-bearing rafters of
the lining and these slabs may be fixed on the main truss or beam. In sloping roofs with
a rafter, anchor rods in the middle of the span of the rafters are used to maintain rafters
against tangential component with the roof from gravitational force. Roof lining in this

mode is usually formed from steel, cement plates or asbestos.

Number of rafters can be reduced, or they can be completely removed in the case of using
prefabricated panels.

The lining of walls around the building can include steel plates, prefabricated panels or
masonry walls. Prefabricated panels generally consist of two layers of metal plate which
are connected to each other by an adhesive material of heat insulation. Of course, it is
possible to use prefabricated concrete panels as well. Masonry walls can be built using
brick, concrete block or clay block. To maintain lateral light lining including steel plates,

lateral rafters which are connected to main pillars are used.

Therefore, industrial buildings generally include some large one-story frames of which
main load-bearing members consist of some trusses or rigid frames paralleling each other
and rafter beams are placed on them in the longitudinal direction and the final lining is
placed on the rafter beams (Design and Calculation criteria for Steel Industrial Building
2016).
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The main components of framing industrial buildings are shown in the following picture.
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1- Column
2-Roof truss (frame truss),

3- Crane girder,

4- Bracing beam,

3-Lightwell,

6- Vertical bracing between columns,
7- Lateral bracing of roof’,

8- Vertical bracing of roof,

9- Wall framing,

10- Rafter.

PICTURE 2. Main components of framing industrial buildings with rafter roof

(Hamidi & Rahimi Derazkola 2016, 71)

Roof purlin
R’

Rigid frame

Continuous beam
end frame

Post and beam
endframe

Gable end
bracing

Anchor
bolts

PICTURE 3. Main components of framing industrial buildings with flat transverse frames

(Hamidi & Rahimi Derazkola 2016, 75)
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2.2 Some General Points in Analysis and Design of Main Frames of Steel In-
dustrial Buildings

The analysis of the main frames of industrial buildings is like other buildings; it is neces-

sary to pay attention to following points.

Considering the equal conditions of consecutive frames, just one of them can be analyzed
in two-dimensional form. In this analysis, frame shift in the direction of perpendicular to
the page is ignored. Wind force and gravity forces are calculated based on the surface of
the loader of each frame and are included in the analysis. The force caused by earthquake
is also divided among frames considering the equal hardness of consecutive frames. Of
course, in the case of the presence of a specific condition and inequality of significant
number of frames, it is necessary to analyze each type of frame separately and include the
effect of difference in the hardness of frames in bearing lateral force in the analysis.

Considering anchoring in a roof and in balance of the load-bearing beam of the crane,
usually there is enough three-dimensional rigidity to impose consecutive frames to col-
laboration of bearing lateral loads and the rigidity can be used to scatter lateral forced

caused by the crane.

In modelling the frame for the analysis, it is necessary to pay attention to presence of
variable sections. The line passing through the center of the cross section is usually used
to form the model. Most of today’s software can accept the variable sections and usually
ask the calculating engineer to introduce the degree of function to changes in the moment
of inertia of the section to the software. Considering the sever dependency of the moment
of inertia to square, the distance between flanges and considering linear changes in the
distance between flanges in length of a non-prismatic member, the degree of function of

changes in the moment of inertia based on length of the member is usually equal to 2.

It should be noted that the load of the crane is not included in calculating the horizontal
force of earthquake if it is suspended by a cable. If the load of the crane is connected to
the bridge of the crane by a mechanism which can transfer the horizontal shearing, then
the effect of the horizontal acceleration of the earthquake on the load of the crane must
be included in calculations of the structure. If required to impose the vertical acceleration
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in calculations of the structure, the load mass of the crane must be considered as well.
Coefficiency of the load in the load compounds is determined by the used regulation.

In terms of buckling out of the flexural frame plate, usually considering common roof
bracing the following assumptions can be used:

A. ltis assumed that the pillar of the frame in supporting points on the foundation,
connection to the beam of the frame and the seat of the crane beam are braced
against the lateral movement.

B. Compression flange of the frame beam has the tendency of buckling out of the
frame plate. In the positive anchor in which the upper flange is compressed, rafters
connecting to the flange prevent it from its buckling and the unbraced length of
the upper compression flange can be known equal to the distance between the
rafters. In the negative anchor which is near to the connection area of the beam
and pillar, the lower flange is also placed under the compression and has the ten-
dency to lateral buckling. In these points as well, rafters are used to prevent the
lateral buckling of the lower flange of the frame beam. In this method, the lower
flange of the beam is connected to rafters by bracing with an angle approximately
45 degrees in the vertical plate. In this mode, the unbraced length of the lower

flange can be assumed equal to the distance between the braces of the flange.

2.3 Foundations

The inclined frames of the foundation have a special importance because foundations are
usually thrusted horizontally while their vertical load is not too big. For example, a sig-
nificant force is horizontally imposed to a foundation for single-span frames with short

height and low-sloped roof.

The required predictions should be made to prevent thrust in the base of the frame and
foundation. In some cases, this thrust can be prevented by placing steel elastics that are
buried in concrete or usual building ties. Experiences have shown that in practice this
type of measurements are either very expensive or useless when run. Using the passive

compression of soil can be effective in these cases without imposing extra costs.
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PICTURE 4. Passive source (Amiridalooi; Orangi & Ghaderi 2016, 94)

2.3.1 Foundation Classification

Foundations for plant, equipment, structures and buildings are broadly classified as fol-
lows:

- Shallow foundations which consists of pad foundations, strip foundations, raft (mat)
foundations, etc.

- Deep foundations which consist of deep pad or strip foundation, basement or hollow
boxes, caissons, cylinders and piers, piles, peripheral walls or combination of them.

- Storage tank foundations which consist of tank pads, ring walls, etc., - Foundations for

machinery.

In the case of fine soils, if concreting is made connecting to the excavation, surface can
withstand the imposed force. So, it should be noted that in fine soils wooden framing and
separating the concrete from the soil must be avoided; and in soils in which we are forced
to framing because of downfall, after getting the concrete and removing the frames must
be filled and pummeled with fine soil and appropriate methods to a suitable distance from
the foundation which is up to the opinion of a calculating engineer. In addition to the lean
concrete width to the edge of the foundation, which is given in most structural maps, in
addition to increasing the volume of excavation, eliminates the connection of the soil and

the foundation.

Using a shear lug under the foundation is very effective. Cost of the shear lug is much
lower than a transverse tie which is placed among the foundation, but its performance is

efficient. Length of the shear lug can be equal to width of the foundation and its concreting
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can be done at the same time with foundation and if the width of its section is considered

more, even placing shear bars can be ignored.

nl 8 aT 30cmet
H ,,lE
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PICTURE 5. Using shear lug under the foundation (Saberi & Parvizi 2007, 52)

It will be better if the shear lug is in the interior part of the foundation (into span of the
frame) so that when the horizontal force affects it, it is to be placed in the tension part not

compression and the level of the shear contact of the soil is increased too.

It should be noted that in the case of using passive compression in calculating foundation,
soil must not separate from the foundation for any reason. A sample of the practical design

of the shear lug stud in the edge of the foundation is shown in the following next picture.
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PICTURE 6. Shear lug stud in the edge of the foundation (Sehhat & Shervanitabar 2016,
68)

It should be noted that if excavation is made in the fine soil, framing must not be made.
If excavation is made in the loose soil, the behind of the foundation must be pummeled
with fine soil. Another issue that, especially in inclined frames, is notable is the vertical
resistance of soil under foundation against horizontal and vertical loads. (Article 11 of

national regulations 2015.)

PICTRURE 7. Horizontal and vertical loads (Hosseinpour & Javaheritafti 2016, 88)
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PICTURE 8. Shifting the column to outer side of the heart (Hosseinpour &Javaheritafti
2016, 89)

However, the effect of wind and earthquake forces in combination with various loadings
on such foundation must be evaluated, experiences have shown that such combinations
will not be critical to loading. Another issue that should be noted in foundations is the
existence of concrete pedestals. Shortness and obesity of these type of members usually
make them to be considered as a rigid piece for the pedestal of the frame; and in calculat-
ing foundation the forces usually should be known affecting the head of the concrete
pedestal. This makes the horizontal force to have a very high effect in calculating the
foundation because the value is significantly increased. In this mode, lateral forces caused
by the performance of the crane, wind and earthquake are not negligible in determining

dimensions and placing steel in the foundation.

What was stated above is related to surface foundations, in the case of weakness of the
soil under the foundation or magnitude of the forces imposed from building to foundation,

it is necessary to use deep foundations (pile).

2.3.2 Site Investigation

Site investigation consists of an assessment of suitability of the site as well as ground
explorations and tests. It may range in scope from a simple examination of the surface
soils, with or without trial pits, to a detailed study of the soil and ground water conditions
to a considerable depth below the surface by means of boreholes and in-situ laboratory
tests. For more detailed information see Code of practice for ground investigations (BS
5930).
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For a detailed study, the following information should be obtained:

a) The general topography of the site as it affects foundation design and construction. e.g.
surface configuration, adjacent property, the presence of watercourses, ponds, ganats,
hedges, trees, rock outcrops, etc.

b) The location of buried services such as electric power and telephone cables, water
mains, and sewers.

c) The general geology of the area with particular reference to the main geological for-
mations underlying the site.

d) The previous history and use of the site including information on any defects or failures
of existing or former buildings attributable to foundation conditions.

e) Any special features such as the possibility of earthquakes or climatic factors such as
flooding, seasonal swelling and shrinkage, permafrost, or soil erosion.

f) The availability and quality of local construction materials such as concrete aggregates,

building and road stone, and water for constructional purposes.

2.3.3 Ground Exploration and Tests

Ground exploration should be performed to ascertain the character and variability of the
strata underlying the site of the proposed structure. Ground investigations should be car-
ried out generally in accordance with the electrical area classification and extent (IPS-E-
CE-110). For additional information refer to Code of practice for foundations clause 2.2
(BS 8004).

2.3.4 Ground Water

In the design of foundations, the effect of groundwater should always be carefully con-
sidered. Substructures should be designed to be stable with any groundwater level that is

likely to occur. For more detailed information see BS 5930.

2.3.5 Base of Columns

To connect the column to foundation and to distribute its focused force on the foundation
surface so that stress in the supporting area does not exceed a certain amount, the lower
ends (base) of metal columns are ended up to compression division plates. The main types
of support in columns are divided into two types, fixed support and pinned support.
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The simplest type of pinned support which is used for columns with great axial force,

consists of the division of thick compression on which the end of column is placed.

s,
|

PICTURE 9. Base of column (Hosseinpour & Javaheritafti 2016, 115)

For light columns, the support is designed in a way that all loads in them are transferred
to the compression division plate through weld (Design and Calculation criteria for Steel
Industrial Building 2016).

PICTURE 10. Transfer loads through weld (Hosseinpour & Javaheritafti 2016, 117)

If column load and its eccentric is high, connection of column to compression division

plate is made using plate pieces or spandrels.
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I Drainaze hole | | Anchor bolts
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PICTURE 11. Using plate pieces or spandrels (Hosseinpour & Javaheritafti 2016, 120)

If the load and the eccentric is very high, even rolled profiles such as studs can be used
to connect column to division plates and for uniform distribution of the load column on

the mentioned plate .

Anchor bolts

il Stud spandrel

Eldie |
A

LAL
. |

Com pression division plate

=/ 50 onch

PICTURE 12. Using approximate pieces (Hosseinpour & Javaheritafti 2016, 121)

For easier welding it is better to use pedestals with a web which are reinforced by stiffener

or braces. This type of pedestals in vertical direction on the frame plate have low hardness.
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PICTURE 13. Pedestals with open web (Hosseinpour & Javaheritafti 2016, 125)

For heavier columns pedestals with two webs can be used. In this mode, pedestals have
large dimensions and due to this they cannot be transferred as a component with the

column.
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PICTURE 14. Pedestal with two braced webs (Hosseinpour & Javaheritafti 2016, 126)
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In integrated columns with a variable section the support shown in the following picture

can be used.
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PICTURE 15. Pedestal with separated spandrels (Ahadi 2016, 72)

In separated columns (with open web) in industrial buildings, two pedestals separated

from each other connected by tensile cornerstone can be used and this is while the distance

between two branches of a column of an industrial building is high. This type of pedestal

iIs more economic than the similar integrated type (Design and Calculation criteria for
Steel Industrial Building 2016).
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PICTURE 16. Pedestal with open web (Ahadi 2016, 75)
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2.3.6 Transfer of Shear to Foundation using Tenon

Sometimes due to the high shear force or low axial force of a column, the friction force
in the base of the column on a foundation is less than the shear force and cannot withstand
it. In this mode according to the following image, a stub is welded under the base of the
column that relies on concrete in a relatively wide surface and makes the transfer of the
shear force in the base of the column to the foundation possible. This mode mostly hap-
pens in the columns of the frames that have been braced and sometimes even their axial
force is tensile. In this type of columns, the lower tenon in the base of the column, in
addition to the transfer of the shear force to concrete, facilitates working the connecting
area of column to foundation in the form of a joint.
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PICTURE 17. Transfer of shear to foundation using tenon (Ahadi 2016, 86)
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2.3.7 Determining Length of Anchor Bolts

The length of the anchor bolts includes two parts. First part is usually bolted in the length
of 10 to 15 centimeters for usual anchor bolts and sometimes up to 30 centimeters for
anchor bolts in a large diameter in industrial buildings. This part is left out of the concrete
and after regulating the base of the column is fastened on that with bead without media-

tion of washer.

Second part is placed within the foundation concrete. The length of this part must be in a
size that can provide a required brace for transferring the tensile force to the foundation
appropriately. The length is dependent on the shape of the anchor bolt and the shape of
the anchor bolt depends on the thickness of the foundation, the placing bar of the founda-

tion, the diameter of the anchor bolt.

In industrial buildings, depending on the case, the distance between the lower and upper
plates of the base of the column or the distance of the upper surface of the foundation to
the lever must be added to the above two lengths. Various types of anchor bolts are pre-

sented in following images. (Article 11 of National Regulations 2016.)
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PICTURE 18. Anchor bolt with end hook (Ahadi 2016, 96)
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PICTURE 19. Anchor bolt with end hook and shackle (Ahadi 2016, 97)

PICTURE 20. Anchor bolt with end hook and shackle (Ahadi 2016, 97)
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PICTURE 21. Anchor bolt with end hook and shackle (Ahadi 2016, 98)

PICTURE 22. Anchor bolt with nut cornerstone (Ahadi 2016, 100)
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PICTURE 23. Hack anchor bolt (Ahadi 2016, 99)

2.3.8 Spandrels and Struts

After determining the width, length and thickness of the baseplate of the column,
considering the forces imposed on it, the dimensions of the spandrels and structs must be
determined. This is made through controlling the stress in the section which passes from
the side of the column. The section is under the combined control of the baseplate of the
column and spandrels. This sectoin must be calculated and controlled against the

combined effect of the flexural moment and shear effort.
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PICTURE 24. Spandrels and struts (Design and Calculation Criteria for Steel Industrial
building 2016)

2.3.9Seismic Design Criteria for Steel Structures in Industrial Buildings

The seismic bearing structures are plastic depending on how much they are able to accept

extra-elasticity deformations in certain sections of themselves and maintain this feature
in reciprocating loadings and to not face significant reduction in resistance and hardness.
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The plasticity of the moment frames is usually measured by rotational capacity that they
can equip in their nodes. The rotation of a node is defined by the ratio of the relative shift
of the upper floor of that node to the height of the floor.

2.3.9.1 Plasticity Limits

In the high plasticity limit, rotation is like the shift of the high floor and a significant part
of it is extra-elasticity. In the moment frames, especially included in this category, the
amount of rotation is like the rotation relative to the shift of the floor which may be up to

0.04 radian and of that approximately 0.03 radian of which is extra-elasticity.

In the medium plasticity limit, the rotation is like the relative shift of the medium floor so
that in the moment frames the amount of rotation of the relative shift of the floor is limited

to at least 0.02 radian when its extra-elasticity rotation is approximately 0.01 radian.

In the low elasticity limit, the rotation is like the relative shift of the low floor and the

structure practically does not have extra-elasticity deformations.

2.3.9.2 Requirements of Seismic Design for the Base of Column in

Metal Structures

Since in this part of the research, the connection of metal structure to foundation is eval-
uated it is attempted to present requirements of the seismic design of the bases of the
columns. The base of all the bearing and non-bearing columns and their connections to
column and foundation must separately be able to bear the following forces.
e The most internal forces (including axial force, shear force and flexural moment
simultaneously) under the effect of conventional load combinations
e The most axial force (without the presence of shear forces and flexural moment)
under the effect of an intensified earthquake load combinations
¢ In both lengths of the column and separately the flexural moment is equal to total

below the flexural moment and without the presence of shear and axial forces.
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3 CONCRETE STRUCTURES

In Iranian regulations the basis of designing buildings in concrete structures to obtain
safety and exploitation capability is evaluation and control of them in their limit states.
The general method for designing is based on probabilistic aspects which are considered
in calculation by applying partial factors of safety to specified values of loads and effects
on building and specified values of concrete and steel strengths. (ACI 318M "Building

Code Requirements for Reinforced Concrete").

3.1 Introduction of Concrete Structures

The stability of a building is provided considering their encounter condition with envi-
ronment through selection of shape of components proportional to this condition, observ-
ing executive technical specifications such as quality and minimum amount of cement,
quality of water, ratio of water to cement, type and quality of aggregates, maximum
amount of harmful materials in materials forming concrete, mixture ratios, condition for
pouring and placing concrete, curing and taking care of concrete, covering thickness of
concrete and building seams. As it was mentioned in the previous part, since the standard
volume of the research is limited so only a part of foundation is presented for evaluation.
(Article 9 of National Regulations 2016.)

3.2 Foundation

In the regulation, foundation is referred to as a part of the structure of the building that on
the upper surface of that column or wall is placed and its lower space directly relies on
the ground or a pile and takes the structure load and transfers it to the ground. Foundation

relying on pile is called a pile cap.

3.3 Types of Foundations

An individual foundation refers to a foundation that transfers the load of one or two
columns to the ground in the seam location. Individual foundation can be in the shape of
a rectangular square, regular polygon, circle or any other non-regular shape and its section
can be in the shape of a rectangular square, trapezius or stairwell. Inidividual foundations

which are near to each other can join together and form a combined foundation.
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PICTURE 25. Various types of individual foundation schematically (Rahimibirooi et al.
2017)

A Strip foundations refers to a continuous foundation that transfers the load to a wall and
with some columns, which are in a row, to the ground. Section of the foundation can be
in the shape of a rectangular square, trapezius or reverse T. In a mode in which the strip
foundation merely “transfers load of wall to the ground, the foundation is called founda-

tion under wall”.

PICTURE 26. Strip foundation schematically (Rahimibirooi et al. 2017)
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PICTURE 27. Strip foundation in implementation (Fatehipeykani & Harischian 2016)

A raft foundation refers to a foundation that refers the load of some columns or walls
which are in different rows and directions to the ground. Raft foundation mat can be built
in the shape of a slab, set of a beam-slab or boxes. (Article 9 of National Regulations
2016.)

S s AL, s : Vi -

PICTURE 28. Raft foundation in implementation (Mortezaei & Fadavi 2016)

A strap foundation refers to a set of two individual foundations that is resultant of loads
imposed on one with high eccentric to the center of the foundation and the foundations
are connected to each other with a rigid beam. This rigid beam which transfers a part of
the load of one of the foundations to another is not assumed to be relied on the soil. (Ar-
ticle 9 of National Regulations 2016.)
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PICTURE 29. Strap foundation schematically (Tizfahmfard & Khodayari 2015,77)

3.4 Types of Piles

Piles are components of deep foundation that transfer the loads of the structure to the
ground. Piles may be individual or in the form of a group pile. (Instruction of Construction

and Implementation of Concrete in Workshop 2006.)

Individual pile refers to a pile which receives the load of a column directly and transfers
it to the ground.

Group piles refer to some piles that receive their load from one or some piles through a
common pile cap.
« Pile static load tests including axial compression, axial tension, lateral and cyclic
loading
o Pile dynamic tests (PDA) and applicable analyses (WEAP, CAPWAP)
e Instrumentation of piles during static tests
o Special loading tests including O-Cell, Rapid Load Tests (RLT) such as STAT-
NAMIC
« Pile integrity control tests like CSL and PIT
« Pile design optimization considering the geotechnical conditions, pile group set-

tlement, soil, pile, cap and structure interaction
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e “Pile construction specifications” for cast-in-place (bored) and driven piles in

various geotechnical and construction conditions

PICTURE 30. Pile design (Pars GeoEnviro 2016)
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PICTURE 32. Pile design (Pars GeoEnviro 2016)
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3.5 General Design Criteria

An area of the base of the foundation or number and arrangement of piles must be based
on efforts such as the most critical combination of agents without coefficient which are
transferred from the foundation to the soil or piles and it must be determined considering
the permissible stress of the soil or permissible loads of piles obtained based on studies

of soil mechanic.

In cases in which wind or earthquake is one of the agents of the load combinations, the
permissible stress of the soil or the permissible load of the pile can be increased up to 33

percent maximally.

The design of the section of the foundation and piles must be made for axial loads, mo-

ment, moment and axial loads and shear in the ultimate limit state of strength.

In piles in which their whole length is placed in layers of dense soil, the evaluation of
buckle is not necessary but in piles in which the whole or a part of their length is placed
in loose or is out of soil, the evaluation of buckle is necessary considering special sup-
porting condition.

The critical sections which must be evaluated for controlling continuity also include those
sections in which dimensions of the section or value of reinforcement change. In group
piles longitudinal reinforcement of piles must be continued in pile cap and braced appro-
priately.

The thickness of foundations must not be selected less than 250 millimeter and thickness
of pile cap must not be less than 400 mm. (Iran Concrete Regulation 2015.)

3.6 Criteria for Determining Agents in Foundations
Flexural moments and ultimate shear efforts used in designing various sections of foun-

dation must be determined under the effect of ultimate loads and corresponding reactions

to them and based on known principles and analysis of structures.
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In foundations, instead of using criteria in the above paragraph, flexural moments and
ultimate shear efforts in various sections can be obtained approximately from multiplica-
tion of values of these agents under the effect of the loads without coefficient in a total
safety coefficient of loads. This total safety coefficient must be determined appropriately

from division of ultimate loads to exploitation loads.

In foundations on pile, flexural moments and shear efforts in various sections of pile cap
can be determined with the assumption that reaction of each pile influences in a focused

way in center of that pile.

In foundations, which are placed under column or rear pedestals with circular or regular
polygonal sections, for determining position of critical sections in moment and shear the
section of column or pedestal can be replaced with a square section with an area equal to

the area of the column or pedestal.

Individual foundation, which is built in the form of a slope or stair, must be designed and
implemented in a way that function of the foundation is provided uniformly (Instruction

for Construction and Implementation of Concrete in Workshop 2006).

3.6.1 Soil Compression Distribution

The soil compression distribution under foundation must be determined considering soil
specifications and the way of the effect of the loads on the foundation and based on known

principles of soil mechanic.

In individual foundation if the analysis is not made with more accurate details, soil com-

pression distribution can be determined assuming the foundation is rigid.

In an individual foundation the soil compression distribution can be in a way that in a part
of that the compression on the soil reaches zero provided that in no direction the length

of this part does not exceed a quarter of dimension of the foundation in that direction.

In cases in which forces imposed on foundation are tensile, suitable measures such as
using pile or tie bars must be taken to make the foundation not lift off the ground. These

measures must be in a way that safety coefficient against lifting forces is 5.1 at least.
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In a strap foundation the beam interfacing between foundations must be rigid enough to
be able to prevent rotation of the foundation placed under the effect of the eccentric load.
If inertial moment is not analyzed more accurately, section of the beam must be consid-
ered at least equal to inertial moment of section of the foundation under the effect of the
eccentric load. The beam must be designed for moment and shear. In this state soil com-
pression distribution under foundations can be considered uniform. (Iranian Concrete
Regulation 2015.)

3.6.2 Flexural Moment

The flexural moment affecting each section of the foundation must be determined by
passing a vertical plate through all over the foundation and calculating flexural moments
resulted by forces and compressions affecting the whole surfaces of the foundation placed

in a side of the plate.

The critical section to determine the maximum flexural moment in foundations beside
columns and pedestals and walls must be considered as following:
A. In the side of column, pedestal or wall for foundations placed under column, ped-
estal or walls.
B. Inthe middle of distance from edge of the wall to axis of the wall for foundations
placed under masonry materials,
C. In the middle of the distance from the side of the column to the edge of the steel

baseplate of the column for foundations placed under metal plate of the column.

In individual foundations and those under wall, the possibility to create negative flexural
moment and necessity of reinforcement at the top of section of the foundation must be
controlled. (Article 9 of National Regulations 2016.)

3.6.3 Shear Effort

The critical section for shear calculations in the distance of d from the following deter-
mined locations are considered
A. From the side of the column, pedestal or wall for foundations placed from side

of column, pedestal with wall
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B. From the middle of the distance from the side of the column to the edge of the
steel baseplate of the column for foundations placed from the side of the metal

baseplate of the column.

The shear effort in each section of the pile cap must be calculated based on the following
criteria:

A. Reaction of each pile with the distance of d/2 or higher than the intended section
and placed out of the intended section, makes shear in the section.

B. Reaction of each pile with the distance of d/2 or higher than the intended section
and placed within the intended section, makes no shear in the section.

C. Ininterstitial mode, that part of reaction of the pile that makes shear in the in-
tended section must be calculated by linear interpolation among the absolute
value of the reaction for the mode in which center of the pile with distance - and
out of the section and zero value for the mode in which center of the pile placed

with distance and within the section. (Iranian Concrete Regulation 2015.)

3.7 Restrictions of Reinforcements

In symmetric, spread and strap foundations (except for the interfacing beam) the mini-
mum flexural reinforcement must not be less than the total value of shrinkage and heat

reinforcement.

In strip foundation the percentage value of flexural reinforcement must not be less than
15.0 unless the used reinforcement is at least a third higher than the value of the rein-
forcement determined in calculations. In the last mode, this percentage cannot be less than
1.0.

In foundations the diameter of bars must not be less than 10 mm and their axis-to-axis
distance from each other must not be less than 100 mm and higher than 350 mm.

In massive foundations the dimensions and volume of the concrete are considered inde-
pendent to calculative needs. In these foundations if the control of the surface cracks are
considered, volume grid rebar pack must be used. The maximum distance of the volume

rebar is 350 mm.
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In individual foundations if the function of the foundation is one-sided or its function is
two-sided and its shape is square, reinforcements must be distributed uniformly across
the width of the foundation. Otherwise, the distribution of the reinforcements must be as
following:

A. Longitudinal reinforcements of the foundation are distributed uniformly across
the transverse of the foundation.

B. A part of the transverse reinforcements of the foundation, which value is deter-
mined by the following equation, is distributed uniformly in the middle strip that
in width is equal to smaller dimension of the foundation surface and symmetri-
cally situated to the column and pedestal and the rest of transverse reinforcements
are placed uniformly observing the above paragraph in two sides of the middle

strip.

Reinforcements of middle strip along the transverse / total transverse reinforcements of
foundation = 2/p+1 Transverse reinforcements of piles are considered tight with spiral.

(Iranian Concrete Regulation 2015.)

3.8 Earthquake

The seismic risk level of a region is determined by the standard N0.2800-05 BHRC-PNS
253. The procedure of the design is in accordance with ACI 318M, Chapter 21 "Special

Provisions for Seismic Design".

3.8.1 Definitions

The shrinking components that transfer a part of the inertial force caused by an earthquake

within the diaphragm to systems resisting lateral loads.

The executive edge components along the edge of walls or diaphragms are strengthened
by longitudinal and transverse reinforcements. These components can have a thickness
equal to walls with diaphragms or can be thicker than them. If required, the edge compo-

nents can also be used in the openings of the edges in walls and diaphragms.

The shell concrete is the concrete of a part of the member section in which the core is

situated out of the part enclosed by tie bars.
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The base level is a level that the earthquake shakes up to which is transferred from the
ground to the building and from that level up the building has its own separate movement
to the ground. This level is not necessarily parallel to the ground surface.

A special tight is a closed stirrup consisting of one or some bars that each one then ends
to a special hook in two endings. A special tight can be in the form of a spiral and ends
in a special hook in the booth endings. (Iranian Concrete Regulation 2016.)

Structural diaphragms are structural components such as slabs of floor roof that make

inertial forces caused by earthquake independent against lateral loads.

Structural walls are walls which are designed for resistance against the combined effect
of axial forces, flexural moments and shear effort caused by vertical loads of an earth-

quake load situated in the middle of their plate. Shear wall is a type of structural wall.

Coupled walls are structural components which consist of two or more individual shear
walls which are connected to each other by beams with enough plasticity (coupling beam)

with a certain order.

A special hook is a hook with a curve of at least 155 degrees with a straight ending with
a length of at least 7 times more than the diameter of the bar and width of 100 mm. This
hook must have longitudinal bars and its endings must incline towards the internal part
of the stirrup.

A resistant system against lateral loads is a part of the structure which has been calculated

for resistance against lateral loads of earthquake.

Plasticity includes the capability of energy depreciation by the inelastic behavior of the
whole base structure of its members affected by reciprocating deformations with a large

range or important reducing devices in their resistance.

A sewing hook is a bar that in its ending has a hook with the curve angle of at least 135
degrees and with a straight ending part with the length of 8 times more than the diameter
of the bar with 100 mm and another ending with a hook with a curve angle of at least 90
degrees and the straight ending part with length of at least 8 times more than the diameter
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of the bar. These hooks must have longitudinal reinforcements situated in the perimeter
of the section of the member. The 90 degrees curve area of hooks must be changed in the
alternately in successive sections in length of the member. (Iranian Concrete Regulation
2015.)

Ties are components, usually as the tensile member, transfer inertial forces caused by
earthquake and prevent other components of a structure such as the foundations and walls

to separate from each other.

The flexural moment of nominal strength is the most flexural moment in a section of
flexural members or members under pressure and bending that the member can bear in
that section. This moment is considered 15.1 times more than the resistant flexural mo-
ment of the section, that is, M, -1, 15 M.

The critical area is an area in which it is possible to create a plastic joint under the effect

of the loads of an earthquake.

The core of the compressive member is a part of a cross section of the member surrounded
between the back and the back of the surrounding tie bars.

A plastic joint is a part of the member in which plastic rotation is made.

In the analysis of a structure, combined function of all structural and non-structural com-
ponents that affect its linear and nonlinear reflection must be appropriated for lateral
loads.

(Newton per square millimeter) must be appropriated. In addition, the two following cri-
teria must be observed about these steels:

A. The real yield strength of the steel based on test of the factory must not have dif-
ference higher than 125 megapascal (Newton per square millimeter) with yield
strength of its specification.

B. The ratio of the rupture strength of the steel to yield strength, its specification must
not be less than 1.25.

Longitudinal reinforcement in all structures, regardless of their plasticity level, and tie
bars must be ribbed (rebar). Welding stirrups and other bars to longitudinal reinforce-

ments must be avoided.
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3.8.2 Control of Structure in Limit State of Exploitation

A building as a set consisting of structural and non-structural components must be de-
signed in a way that structural and non-structural component are not damaged as much as
possible in limit the state of exploitation under the effect of lateral loads of an earthquake
and no limitation happens during the exploitation. For this purpose, usually in buildings,
the limitation of lateral shifts caused by an earthquake are to be appropriate for structural

and non-structural components and considered enough.

In this research in which industrial buildings are considered since they are important
buildings, in addition to limitation of lateral shifts, some measures must be taken to min-
imize the probability of damages to equipment and machineries. (Instruction of Construc-

tion and Implementation of Concrete in Workshop 2016.)

3.8.3 Plasticity Limits of Structure

Strength components must be designed against lateral loads of an earthquake for one of

three defined plasticity limits (Article 9 of National Regulations 2016).

PICTURE 33. An overview of the structure of plasticity (National Regulations 2016)

Low plasticity limit is appropriate for structures in which high shift is not expected and
only taking certain measures to keep their safety against repetitive and reciprocal loads
of an earthquake is considered.
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Medium plasticity limit is necessary for structures in which the reflection of the structure
facing earthquake forces enters the nonlinear area and the sections of the structure must

be designed in a way that adequate safety against fragile ruptures to be provided for them.

High plasticity limit is necessary for structures of which members in certain sections must
have high energy depreciation and absorption capacity so that if a mechanism is created
in them, total stability and coherence of the structure are maintained, and, in this regard,

enough confidence is available.

Structures in which plasticity is provided more considering the more nonlinear behavior
and energy absorption capability, less lateral earthquake loads can be designed. Criteria
related to the way of reduction of these loads have been determined in the regulation of

designing buildings against an earthquake (standard number 2800).
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4 IRANIAN BUILDING CODES AND STANDARDS

Introducing regulatory topics of Iranian building. Part of these Codes and Standards can

be found on the Internet, and some part should be purchased.

TABLE 1. Discourses of the Iranian national building codes (Iranian National Building

Codes 2009)
1 Definitions 11 Prefabricated Construction
2 Administration & Enforcement 12 Precautions During Building Operations
3 Fire Protection 13 Electrical Installations
4 General Building Requirements 14 Air-Conditioning and Heating Installations
5 Building Materials & Products 15 Lifts and Escalators
6 Loads 16 Sanitary Installations
7 Foundation 17 Gas Supply Plumbing
8 Masonry Buildings 18 Acoustics and sound Control
9 Concrete Structures 19 Energy Conservation
10 Steel Structures 20 Signs

Sources of Iranian Building Codes:

e« ACI (AMERICAN CONCRETE INSTITUTE)
318-05 "Building Code Requirements for Structural Concrete”

e API(AMERICAN PETROLEUM INSTITUTE)
650-05 "Welded Steel Tanks for Oil Storage™

e ASCE (AMERICAN SOCIETY OF CIVIL ENGINEERS) ASCE 7-05 "Mini-
mum Design Loads for Building and other Structures

o IRANIAN NATIONAL BUILDING CODES
Loads in Buildings Part 6-1385

e BHRC (BUILDING AND HOUSING RESEARCH CENTER)
BHRC-PNS 253"Iranian Code of Practice for Seismic Resistant Design of
Buildings Standard No. 280005 (3rd Edition)

e BSI(BRITISH STANDARDS INSTITUTION)
6399 Part 2-02 "Code of Practice for Wind Loads"

e IPS (IRANIAN PETROLEUM STANDARDS)
IPS-E-GN-100 "Engineering Standard for Units"
IPS-E-CE-200 "Engineering Standard for Concrete Structures™
IPS-E-CE-500 "Engineering Standard for Loads"
IPS-E-CE-210 "Engineering Standard for Steel Structures™

e MCA (MANUFACTURING CHEMISTS ASSOCIATION)
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Safety Guide, SG-22-1978 "Sitting and Construction of New Control Houses for
Chemical Manufacturing Plants™

4.1 Engineering standards for loads in Iran

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 Com-
pany and the Vendor. For undated references, the latest edition of the referenced docu-
ments (including any supplements and amendments) applies. (Engineering standard for
loads, IPS-E-CE-500 2009.)

4.2 Environmental loads
4.2.1 Wind load

For requirements governing the determination of wind loads in the design of buildings
and structures, reference is made to the British Standards, BS 6399 part 2 or Iranian Na-

tional Building code part 6.

For guidance, Table 1. illustrates the velocity and pressure of wind in Iran. (reference:
Iranian National Building code part 6.)

For the wind design loads of power plants in Iran, this standard recommends the use of
latest statistics gathered by the Iranian Meteorological Bureau, i.e., the Annual Year-
books, and the Wind Roses.

p=1,qC, Cng

P = External pressure

Iw = Importance factor of wind load
g = Base pressure

Ce = Winding factor

Cgy = Factor of wind muzzle

Cp = Factor of external pressure
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TABLE 2. Velocity and basic pressure of wind in Iran (Engineering standard for loads,

IPS-E-CE-500 2009)
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4.3 Snow Loads

This clause gives the minimum imposed roof loads that may be applied by snow accumu-
lation for the use in designing buildings and building components (Engineering standard
for loads, IPS-E-CE-500. 2009).

4.3.1 Zoning

Various parts of the country have been classified into four zones according to the intensity

of annual snowfall:

Zone I: Regions with no previous record of snowfall. — 0,25 kN/m?
Zone 11: Regions with low rate of snowfall. — 0,5 kN/m?

Zone 111: Regions with medium rate of snowfall. — 1,0 kN/m?

Zone IV: Regions with high rate of snowfall. — 1,5 kN/m?

Zone V: Regions with heavy snowfall. — 2,0 kN/m?

Zone VI: Regions with ultra-heavy snowfall. — 3,0 kN/m?
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MAP NO.1-GROUND SNOW LOAD, FOR 50-YEAR MEAN RECURRENCE INTERVAL

FOR VARIOUS REGIONS OF IRAN
(COURTESY OF IRANIAN METEOROLOGICAL BUREAU)
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PICTURE 34. Ground snow load for 50-year mean recurrence interval for various regions

of Iran (Courtesy of Iranian meteorological bureau)



4.3.2 Calculation of snow load

Snow load is determined according to the zoning and slope of the roof, as shown in Table

3 below:

TABLE 3. Snow load in kPa (kN/m?), as applied on the horizontal projection of the roof
(Engineering standard for loads, IPS-E-CE-500 2009)

TABLE 2- SNOW LOAD, IN kPa (kN/m’), AS APPLIED ON THE

HORIZONTAL PROJECTION OF THE ROOF
(KNM®) o 53¢ ply G881 900 500,05 o 5L Y Jgur

ZONE SLOPE OF THE ROOF ol et
15° OR LESS 60° OR MORE
(e 150 200 25° 350 45° it 60°
1 025 0.25 025 025 025 0.25
I 0.50 0.50 0.45 035 025 025
I 1.00 0.95 0.85 07 0.50 0.25
v 15 1.40 125 1.00 075 0.40
v 2.00 1.85 2.00 135 1.0 053
VI 3.00 275 250 2.00 150 075
Note 1:

Figures shown in Table 3 are the least amounts. In regions, with unusual conditions,

where snowfall is more intense, loads applicable to that condition should be used.
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TABLE 4. Lowest nominal values of uniformly distributed loads (Engineering standard
for loads, IPS-E-CE-500 2009)

TABLE 3 - LOWEST NOMINAL VALUES OF UNIFORMLY DISTRIBUTED LOADS
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4.3.3 Snow loads on roofs

In the design of roofs, the greater value of either snow load (as given in Table 3) or live

load (as given in Table 4) is assumed, and these two need not be considered simultane-

ously.
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Pr=0,7. Cs. Ct. Ce. Is .Pqg

Pr= Snow loads on roof

Ce = Snowflake factor

Ct = Temperature conditions factor
Cs = Slope factor

Is = Importance factor

4.3.4 Drifts on lower roofs

Roofs are designed to sustain localized loads from snowdrifts that form in the wind
shadow of a) higher portions of the same structure and b) adjacent structures and terrain
features.

a) Lower roof of a structure. Snow that forms drifts comes from a higher roof or, with the
wind from the opposite direction, from the roof on which the drift is located. These two
kinds of drifts ("leeward™" and "windward respectively) are shown in Figure 1. The geom-
etry of the surcharge load due to snow drifting is approximated by a triangle as shown in
Figure 2. Drift loads are superimposed on the balanced snow load. If he/hy, is less than
0.2, drift loads are not required to be applied. (h, = height of balanced snow load, hc =
clear height from top of balanced snow load to (1) closest point on adjacent upper roof,
(2) top of parapet, or (3) top of a projection on the roof)

b) Adjacent structures and terrain features. The requirements in sub-clause “a” are also
used to determine drift loads caused by a higher structure or terrain feature within 6.1m
(20 ft) of a roof. The separation distance, s, between the roof and adjacent structure or
terrain feature is reduced applied drift loads on the lower roof by the factor (6.1-5)/6.1
where s is in m. (Engineering standard for loads, IPS-E-CE-500 2009.)

sbayg, S bl cas

L wind # =2 . ooy ool
o —_

ol g o Sl _ | Windward Leeward . Leoward Drif

w»ndv-uvu:'sl Drvl_!_’,,. — \ Swp Step o

3

Snow

Fig. 1- DRIFTS FORMED AT WINDWARD AND LEEWARD STEPS
Sy cly golias g slapls 52 By (Seblilolonl Jo o ) IS5

FIGUREL. Drifts formed at windward and leeward steps (Engineering standard for loads,
IPS-E-CE-500 2009)
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Fig. 2- CONFIGURATION OF SNOW DRIFTS ON LOWER ROOFS
s oyaly glaply 2 Oy (SBLS hul)T-T Y

FIGURE 2. Configuration of snow drifts on lower roofs (Engineering standard for loads,

IPS-E-CE-500 2009)

4.3.5 Sliding snow

The load caused by snow sliding off a sloped roof onto a lower roof is determined for
slippery upper roofs with slopes greater than 1/4 on 12, and for other (i.e., non-slippery)
upper roofs with slopes greater than 2 on 12. The total sliding load per unit length of eave
is 0.4pfW, where W is the horizontal distance from the eave to the ridge for the sloped
upper roof. The sliding load is distributed uniformly on the lower roof over a distance of
4.6 m (15 ft) from the upper roof eave. If the width of the lower roof is less than 4.6 m,
the sliding load is reduced proportionally.

The sliding snow load should not be further reduced, unless a portion of the snow on the
upper roof is blocked from sliding onto the lower roof by snow already on the lower roof
or is expected to slide clear of the lower roof. Sliding loads are superimposed on the

balanced snow load.

4.3.6 Extra loads from rain-on-snow

For locations where ground snow load is 0.96 kN/m? or less, but not zero, all roofs with
slopes (in degrees) less than W/15.2 (where W is the horizontal distance from the eave to
ridge in m) should have a 0.24 kN/m? rain-on-snow surcharge. This rain-on-snow aug-
mented design load applies only to the balanced load case and need not be used in com-

bination with drift, sliding, unbalanced, or partial loads.
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4.4 Rain Loads

A. Roof drainage Roof:

The drainage systems should be designed in accordance with the provisions of the IPS-
E-CE-390: " Engineering Standard for Rain and Foul Water Drainage of Buildings". Sec-
ondary (overflow) drains should not be smaller than primary drains.

B. Ponding loads:

Roofs should be designed to preclude instability from ponding loads.

C. Blocked drains:

Each portion of a roof should be designed to sustain the load of all rainwater that could
accumulate on it if the primary system for that portion is blocked. Ponding instability
should be considered in this situation. If the overflow drainage provisions contain drain
lines, such lines should be independent of any primary drain lines.

D. Controlled drainage:

Roofs equipped with controlled drainage provisions should be equipped with a secondary
drainage system at a higher elevation which prevents ponding on the roof above that ele-
vation. Such roofs should be designed to sustain all rainwater loads on them to the eleva-
tion of the secondary drainage system plus 0.24 kPa. Ponding instability should be con-
sidered in this situation. (Engineering standard for loads, IPS-E-CE-500 2009.)

4.5 Seismic (Earthquake) Loads

All buildings and structures should be designed to withstand the effects of seismic forces
as well as wind effects. Wind and seismic forces are assumed to act separately, and their
effects should not be considered simultaneously. Generally, structures and their compo-
nents should be able to thoroughly withstand the greatest stress caused by wind and earth-
quake. Structures are designed individually in either one of the principal directions, with-
out considering the other direction. Simultaneous effects of seismic forces in both direc-
tions need not be considered. In the seismic design of structures, only the horizontal com-
ponent of the seismic force should be considered, and the vertical component should not
be considered, except for the following cases:
e For cantilevered balconies and projections (particularly those carrying consider-
able dead load at the tip), and for buildings that house technical instruments or
special equipment where the vertical component may cause a malfunction, then

the effect of vertical component shall be considered.



53

The minimum lateral seismic force in each direction of a structure should be calculated
according to the provisions of "Iranian National Building Code-part 6” or ASCE-7. (En-
gineering standard for loads, IPS-E-CE-500 2009.)

4.6 Dead Loads

Dead loads comprise the weight of all permanent construction, including walls, floors,
roofs, ceilings, stairways, and fixed service equipment, plus the net effect of prestressing.
Moreover, the following complementary items should be considered as dead load (Engi-
neering standard for loads, IPS-E-CE-500 2009):

o fireproofing;

e sprinkler system;

o fixed partitions;

o all fixed equipment with the relevant fluid content;

e the vertical and horizontal pressures due to the stored liquid;

e insulation weight

4.7 Live Loads

Live loads are those loads produced by the use and occupancy of the building or other
structure and do not include environmental loads such as wind load, snow load, rain load,
earthquake load, or dead load (Engineering standard for loads, IPS-E-CE-500 2009).
Live loads on a roof are those produced:

1. during maintenance by workers, equipment, and materials

2. during the life of the structure by movable objects such as planters and by people.
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TABLE 5. Industrial occupancy class (workshops, factories) (Engineering standard for
loads, IPS-E-CE-500 2009)

TABLE IB/7 - INDUSTRIAL OCCUPANCY CLASS
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TABLE 6. Retail occupancy class (shops, department stores, supermarkets) (Engineering
standard for loads, IPS-E-CE-500 2009)

TABLE IB/6 - RETAIL OCCUPANCY CLASS
(SHOPS, DEPARTMENTAL STORES, SUPERMARKETS)
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TABLE 7. Lowest nominal values of uniformly distributed loads (Engineering standard
for loads, IPS-E-CE-500 2009)

TABLE 3 - LOWEST NOMINAL VALUES OF UNIFORMLY DISTRIBUTED LOADS
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TABLE 8: Institutional and educational/public assembly occupancy class (hospitals,
schools, colleges, halls auditoria, restaurants, museums, libraries, non-residential clubs,
theatres, broadcasting studios, grandstands). (Engineering standard for loads, IPS-E-CE-

500 2009)

TABLE IB/3/4 - INSTITUTIONAL AND EDUCATIONAL/ PUBLIC ASSEMBLY OCCUPANCY CLASS
(Hospitals, Schools, Colleges), (Halls, Auditoria, Restaurants, Museums,
Libraries,Non-Residential Clubs,Theatres, Broadcasting Studios, Grandstands)
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4.8 Combination of Loads
4.8.1 Combining Nominal Loads Using Allowable Stress Design

Loads listed herein should be considered to act in the following combinations; whichever
produces the most unfavorable effect in the building, foundation, or structural member
being considered. Effects of one or more loads not acting should be considered. (Engi-
neering standard for loads, IPS-E-CE-500 2009.)

1.D+F
2.D+H+F+L+T
3.D+H+F+(LrorSorR)
4. D+H+F+075(L+T)+0.75(Lror SorR)
5.D+H+F+ (W or0.7E)
6.D+H+F+0.75 (W or0.7E) + 0.75L + 0.75(L or S or R)
7.0.6D+W + H
8.0.6D + 0.7E +H
Exception: In combinations (4) and (6), the companion load S should be taken as either
the flat roof snow load (pr) or the sloped roof snow load (ps).
D = Dead load consisting of:
a) Weight of the structural member itself.
b) Weight of materials of construction incorporated into the building to be permanently
supported by the structural member, including built-in partitions.
¢) Weight of permanent service utilities.
E = Earthquake (Seismic) load.
F = Loads due to fluids with well-defined pressures and maximum heights.
H = Loads due to the weight and lateral pressure of soil and water in soil.
L = Live loads due to intended use and occupancy, including loads due to movable objects
and movable partitions and loads temporarily supported by the structure during mainte-
nance. L includes any permissible reduction. If resistance to impact loads is taken into
account in design, such effects should be included with the live load L.
r = Roof live loads
P = Loads, forces and effects due to pending.
R = Required dynamic resistance to blast loads, see Appendix IC.
r = Rain load.
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S = Snow load

T = Thermal loads = Self-starting forces and effects arising from contraction or expansion
resulting from temperature changes, shrinkage, moisture changes, creep in component
materials, movement due to differential settlement, or combinations thereof.

W = Wind load

4.8.2 Combinations of Loads Using Strength Design

Structures, components, and foundations should be designed so that their design strength
equals or exceeds the effects of the factored loads in the following combinations (Engi-
neering standard for loads, IPS-E-CE-500 2009):

1.1.4(D +F)

2.1.2(D+F +T) + 1.6(L + H) + 0.5(Lr or Sor R)
3.1.2D +1.6(Lror SorR) + (L or 0.8W)
4.1.2D +1.6W + L + 0.5(Lr or S or R)
5.12D+10E+L+0.2S

6.0.9D + 1.6W + 1.6H

7.0.9D + 1.0E + 1.6H

Exceptions:

1. The load factor on L in combinations (3), (4), and (5) is permitted to equal 0.5
for all occupancies in which distributed live load is less than or equal to
4.8kN/m2(100psf), except for garages or areas occupied as places of public as-
sembly.

2. The load factor on H shall be set equal to zero in combinations (6) and (7) if the
structural action due to H counteracts that due to W or E.

Where lateral earth pressure provides resistance to structural actions from other
forces, it should not be included in H but should be included in the design re-
sistance.

3. In combination (2), (4), and (5), the companion load S should be taken as either
the flat roof snow load (ps) or the sloped roof snow load (ps).
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4.9 Engineering Standards for Fire Protection in Buildings

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

IPS are based on internationally acceptable standards and include 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 Petro-
leum 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 appro-

priate 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 require-
ment of each project. For such cases, an addendum to IPS Standard should be prepared
by the user which elaborates the requirements of the user. This addendum together with
the relevant IPS form the job specification for the specific project or work. The IPS is
reviewed and up-dated approximately every five years. Each standard is subject to amend-

ment or withdrawal, if required, thus the latest edition of IPS is applicable.

The users of IPS are therefore requested to send their views and comments, including any
addendum prepared for cases. 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. (Engineering standard for fire protection in buildings, IPS-
E-SF-380 2009.)

REFERENCES:

Throughout this Standard the following dated and undated standards/codes are referred
to. These referenced documents should, 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 should 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.
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NFPA (NATIONAL FIRE CODES)

NFPA 101 “Alternative Approaches to Life Safety” NFPA 220 “Types of Build-
ing Construction” NFPA 251 “Standard Method of Tests of Fire Resister of
Building Construction and Materials” NFPA A-1 “Fire Code” NFPA A-13
“Standard for the Installation of Sprinkler Systems”

BSI (BRITISH STANDARD INSTITUTION) BS 9999 “Code of Practice for
Fire Safety in the Design Management and Use of Building”

IPS (IRANIAN PETROLEUM STANDARDS)

IPS-E-GN-100 “Engineering Standard for Units”

IPS-E-SF-400 “Engineering Standard for Industrial Stairs, Ladders, Platforms,
and Scaffolds”

Types of construction in fire protection.

Type | (442 or 332)

Type | construction is the type in which the structural members, including walls,
columns, beams, floors, and roofs, are of approved noncombustible or limited-
combustible materials and have fire resistance ratings not less than those set
forth in Table 9.

Type 11 (222.111.000)

Type Il construction is the type not qualifying as Type | construction in which
the structural members including walls, columns, beams, floors, and roofs are of
approved noncombustible or limited combustible materials and have fire re-

sistance ratings not less than those set forth in Table 9.

Type 111 (211 or 200)

Type 11 construction is the type in which exterior walls and structural members
which are portions of exterior walls are of approved noncombustible or limited
combustible materials, and interior structural members, including walls, col-
umns, beams, floors, and roofs, are wholly or partly of wood of smaller dimen-
sions than required for Type IV construction or of approved noncombustible,
limited combustible, or other approved combustible materials. In addition, struc-

tural members have fire resistance ratings not less than those set forth in Table 9.
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Type 1V (2HH)

Type IV construction is the type in which exterior and interior walls and struc-
tural members which are portions of such walls are of approved noncombustible
or limited-combustible materials. Other interior structural members including
columns, beams, arches, floors and roofs are of solid or laminated wood without
concealed spaces. In addition, structural members have fire resistance ratings not

less than those set forth in Table 9.

Type V (111 or 000)

Type V construction is the type in which exterior walls, bearing walls, and floors
and roofs and their supports are wholly or partly of wood or other approved
combustible material smaller than required for Type IV construction. In addi-
tion, structural members have fire resistance ratings not less than those set forth
in Table 9.
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TABLE 9: Fire resistance rating (in hours) for type I through type V construction (Engi-

neering standard for fire protection in buildings, IPS-E-SF-380 2009)

TABLE 1 - FIRE RESISTANCE RATINGS (IN HOURS) FOR TYPE | THROUGH TYPE V

CONSTRUCTION
Typel Type Il Type Il Type IV Type V
442 332 222 11 000 21 200 2HH M 000

Exterior Bearing Walls®
Supporting more than one 4 3 2 1 0" 2 2 2 1 0"

floor, columns, or other

bearing walls
Supporting one floor only 4 3 2 1 0" 2 2 2 1 0"
Supporting a roof only 4 3 1 1 0* 2 2 2 1 0®
Interior Bearing Walls
Supporting more than one 4 3 2 1 0 1 0 2 1 0

floor, columns, or other

bearing walls
Supporting one floor anly 3 2 2 1 0 1 0 1 1 0
Supporting roofs only 3 2 1 1 ] 1 0 1 1 0
Columns
Supporting more than one 4 3 2 1 0 1 0 H 1 0

floor, columns, or other

bearing walls
Supporting one floor anly 3 2 2 1 0 1 0 H 1 0
Supporting roofs only 3 2 1 1 0 1 0 H 1 0
Beams, Girders, Trusses,
and Arches
Supporting more than one 4 3 2 1 0 1 0 H 1 0

floor, columns, or other

bearing walls
Supporting one floor only 2 2 2 1 0 1 0 H 1 0
Supporting roofs only 2 2 1 1 0 1 0 H 1 0
Floor-Ceiling Assemblies 2 2 2 1 0 1 0 H 1 0
Roof-Ceiling Assemblies 2 1" 1 1 ] 1 ] H 1 0
Interior Nonbearing Walls 0 0 0 ] 0 0 0 0 0 0
Exterior Nonbearing Walls*® 0" 0" 0" 0 0" 0" 0 0 0" 0"

H: heavy timber members (see text for requirements).
‘See NFPA 5000, 7.3.2.1.
“See NFPA 5000, Section 7.3.

‘See 4.3.2.12,44.2.3,and 4.5.6.8.

[6000: Table 7.2.1.1]



64

4.10 Fire Resistance

Every external wall of a building other than that of the warehouse class should comply
with the requirements as to noncombustibility and fire resistance specified as appropriate
thereto in Column (2) of the following Table according to the distance of the wall from

the nearest boundary of the premises (Column (1)).

Every external wall of a building of the warehouse class intended to be used wholly or
predominantly for storage should, if the capacity of the building exceeds 7000 m3, or if
its height exceeds 22 m, be noncombustible throughout and have a fire resistance of three
hours. (Engineering standard for fireproofing in building, IPS-E-CE-260 2009.)

4.11 Materials for Steel Structures

e Cold-Rolled Structural Shape (LSF System)

Steel types:

S340H

S230H

S340L

S340L

e Hot-Rolled Structural Shape

ASTM A36/A36M

ASTM A529/A529M
ASTM A572/A572M
ASTM A588/A588M
ASTM A709/A709M
ASTM A913/A913M
ASTM A992/ A992M

e Structural Tubing

ASTM A500
ASTM A501
ASTM A618
ASTM A847



e Pipe

ASTM A53/A53M, Gr. B
e Plates

ASTM A36/A36M
ASTM A242/A242M
ASTM A283/A283M
ASTM A514/A514M
ASTM A529/A529M
ASTM A572/A572M
ASTM A588/A588M
ASTM A709/A709M
ASTM A852/A852M
ASTM A1011/A1011M
e Bolts

ASTM A307

ASTM A325

ASTM A325M
ASTM A449

ASTM A490

ASTM A490M
ASTM F1852

e Nuts

ASTM A194/A194M
ASTM A563

ASTM A563M

4.12Building Design Software in Iran

e ETABS

e REVIT

e FEM-DESIGN

e AUTOCAD (CIVIL & LT/2D-3D)
e ARCHICAD
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4.13 A Review on Corrosion of Reinforcing Steel in Concrete Structures Lo-

cated on the Southern Coast of Iran

Coastal Structures in the Middle East are influenced by hydrostatic pressure, impact load-
ing, erosion and continuous cycles of changes in temperatures. As a result, these struc-
tures are often made of high strength concrete and reinforcement steel. Therefore, pro-
tecting steel embedded in concrete is critical from the point of view of durability. Con-
crete permeability is the most important determinant of long-term durability. Although
concrete is considered as a durable material in the marine environment, many collapses
have been reported from concrete structures by the beach. The durability of the material
can be resulted from the proper implementation and maintenance. The situation of the
Persian Gulf in terms of salts in seawater and in terms of its climatic conditions have
made this environment as one of the most aggressive marine environments from the per-
spective of corrosion of reinforcement in concrete structures. Early collapses due to cor-
rosion of reinforcement in concrete structures in the Persian Gulf region have caused a
lot of maintenance costs for countries in this region. Therefore, the increasing tendency
to determine the causes of the corruption in concrete, the methods to prevent it, and con-
tributing factors in high resistance and strength, unlike the short life of the concrete, is a
sign for the importance of the issue.

Infrastructure structures in the Persian Gulf have been increased in the past decades and
many of these structures faced many problems due to corrosion caused by chloride ion
penetration. The main problems include weak implementation, inadequate processing,
lack of exposure to environmental conditions as well as unsuitable design for corrosive
environmental conditions. Therefore, concrete durability is one of the important require-
ments for the design and execution of concrete structures is in the southern regions. Dam-
age and degradation of concrete structures affected by corrosive fluids, wet gases, etc. are
known as concrete corrosion. Concrete corrosion is a physical - chemical process, while
the process of reinforced concrete corrosion is electro-chemical. Many marine wharfs,
dock facilities and oil platforms in the Persian Gulf that were built with concrete got ex-
posed to the marine environment and thus they were corroded. The interplay between the
concrete and the concrete service environment can lead to the destruction of reinforced
concrete structures and in many cases makes structures inappropriate for action based on
its design purposes. The interplay is often chemical and environmental. For concrete in

marine environments, it seems to be a direct relationship between low permeability, high
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strength, and good durability. The marine structures such as port buildings and coastal
platforms are built using high quality concrete. In general, porous concrete with different
size is made from a few angstroms to several millimeters. This system of pores is filled
by the solution, including different amounts of salt. Problems related to the use of rein-
forced concrete in marine environments are well known. These problems have led to ex-
tensive researches on the metal corrosion of concrete structures. The reinforced concrete
rebar protects concrete against corrosion by the severe alkaline environment (PH=11.5).
Therefore, this process limits decomposition. This process occurs by the carbon concrete
that reduces the alkalinity or by the presence of small amounts of chloride ion in concrete
around the metal. Chloride penetration depth depends on the capability of moisture per-
meability and the level of oxygen near the surface of the metal. Corrosion occurs in the
absence of any of these factors. Corrosion causes metal to become oxides and hydroxides
of iron compounds in various stages. This process increases the volume. Such damages
caused by corrosion can be seen in the form of parallel cracks to the direction of rebar.
Finally, cracking and fragmentation of the concrete occur, and the rate of corrosion in-
creases. Progressive collapse can be defined as a chain reaction of collapse. A building
undergoes progressive collapse when a primary structural element fails, resulting in the
failure of adjoining structural elements, which in turn causes further structural failure.
Hence, discussion of resisting progressive collapse for structures arises. In the present
study, several samples of the structural steel model with moment frame are designed for
seismic requirements. Then, their vulnerability is evaluated for the progressive collapse
and it is improved based on a method of retrofitting against the progressive collapse. Fi-
nally, the seismic behavior of this system is re-evaluated and the retrofitting effect of
progressive collapse on the seismic behavior of the system is evaluated. (The Caspian Sea
Journal 2016, 61-66.)
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PICTURE 35. Possible collapses and their place in a concrete column in seawater (The
Caspian Sea Journal 2016, 62)

4.13.1 Climatic Conditions of the Region

Climatic conditions of the region are hot and dry. Meanwhile, the summers are long and
hot and major winds blow from the Arabian Desert. According to the statistics gathered
from two weather stations of Dir port and Lengeh port which are the only weather stations
and are similar to the aforementioned region in terms of atmospheric characteristics, the
average temperature and precipitation in a 25-year period are as follows: The absolute
maximum temperature (46 ° C), absolute minimum temperature (7.5 ° C), average annual
rainfall (220 mm), maximum daily rainfall (51 mm), maximum wind speed (17 to 18

meters per second). (The Caspian Sea Journal 2016)

4.13.2 Saline Existing in the Persian Gulf Water

The minimum amount of salt in the water is in August and its maximum is in the Strait
of Hormuz in February. The average amount of salt in the Persian Gulf water in
comparison with the open sea salts in ppm is shown in the following table (The Caspian
Sea Journal 2016):
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TABLE 10. The average of salt in the Persian Gulf water in comparison with the open
sea salts (The Caspian Sea Journal 2016, 63)

Salt open sea water Persian Gulf water
Calcium salts (Ca) 50 - 480 480
Magnesium salts (Mg) 360 - 14010 1600
Sodium salts (Na) 2190 - 12200 12600
Potassium salts (K) 70 - 550 470
Epsom salts 580 - 2810 3300
Chlorine salts (CL) 3960 - 20000 23400

It is observed that concentration of salt in the water of the Persian Gulf is equivalent to or
higher than of the open seas. Therefore, the design and construction of onshore and
offshore structures must be considered. Consulting engineers of metallurgy and corrosion,
Morley and Attlee, estimated by 0.14 mm per year the corrosion in sea water in the

Persian Gulf using steel candles in the south of the Persian Gulf.
4.13.3 Potentials of Corrosion

When a metal is immersed in a solution, potential difference occurs on the surface of the
liquid and solid due to the non-uniform distribution of the load in the liquid and solid
phase. It is impossible to determine fixed potential differences in the level of steel and
concrete. Therefore, it is necessary to define the other electrodes to complete the electrical
circuit. Potential measured between the electrodes is called pili. In fact, it is the total
potential of the two half cells. A constant potential difference can always be obtained by
referring to a reference electrode which has a half cell potential. As noted earlier, the
electrode used to measure the reinforcement potentials is Ag / AgClI.

TABLE 11. Range of corrosion potential and corrosion possibility for a half-cell of
Ag/AgCI (The Caspian Sea Journal 2016, 63)

The range of f)otential The possibility of corrosion

Lower than -84mv There is a 90 per cent chance of corrosion activity

Between -84mv and -234mv The corrosion activity is not definitive, but it is quite possible.

Higher than -234mv There is a 90 per cent chance of corrosion activity
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FIGURE 3. The corrosion potential of samples Al in different circumstances at the age
of 28, 60, 90, 120, 150, and 180 days (The Caspian Sea Journal 2016, 65)
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FIGURE 4. The corrosion potential of samples A2 in different circumstances at the age
of 28, 60, 90, 120, 150 and 180 days (The Caspian Sea Journal 2016, 65)
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4.13.4 Corrosion current

Potentiostat is used to measure the intensity of corrosion and the results are provided in

different environmental conditions at the age of 180 days for samples Al and A2.

TABLE 12. The result of corrosion current density for various environmental samples at
the age of 180 days (The Caspian Sea Journal 2016, 66)

Sample Immersion tide Splash Atmospheric
Al 0.321 0.393 0.416 0.384
A2 0.586 0.826 1.016 0.674

TABLE 13. The range of corrosion intensity (The Caspian Sea Journal 2016, 66)

Level of corrosion Corrosion current density (nA/cm?)
conditions with low impacts I, <0.1
Low to moderate corrosion 0.1<1,,,<0.5
medium to high corrosion 0.5<I1,.,<1
high corrosion I, >1

In the case of all samples placed in different zones, the electrical resistance decreases over
time and will probably lead to an increase in corrosion intensity over time. Comparing
the results obtained in this study indicate that the intensity of corrosion is reduced in zones
of splash, tidal, atmospheric and immersion. Samples placed in severe corrosive marine
environment compared to control environment have a dramatic reduction in electrical re-
sistance. Electric resistance value is reduced and consequently the corrosion intensity in-
creases because of the increase in moisture and chloride penetration into concrete. Sam-
ples placed in the splash zone has the lowest electrical resistance in comparison with
zones of immersion, tides and atmospheric. The reason is the increase in penetration of
chloride ions into the concrete pores that further reduces electrical resistance of concrete
and increases intensity corrosion of reinforcement. The splash zone is the most difficult
situation in terms of corrosion because increasing amount of moisture and the amount of
free chlorine in the concrete and the existence of sufficient oxygen increase corrosion
intensity. In immersion zone, although the corrosion potential of reinforcement is very
high, the intensity corrosion is minimal due to lack of oxygen. Permeability can be mini-
mized by increasing the amount of micro silica and decreasing the water - cementitious
materials ratio. The size of coating greater than 5 cm is recommended for concrete struc-

tures exposed to tides. (The Caspian Sea Journal 2016.)




72

5 DISCUSSION

This research evaluates regulations used in Iran for steel and concrete structures in the
case of making a contract between Iran and Finland and implementing a project in Iran
by a Finnish company. As it was mentioned previously, the volume of these regulations
is very high and does not fit into this research, so it was attempted to select and present a
part of the regulations.

In this regard, the research has been divided into two parts discussing first metal and
second concrete structures. In metal structures, first the structure and systems used in it
are introduced and then a part of general points in the analysis of metal structures are
provided. The emphasis of this part is on standards of structure-to-foundation connection.

In the next step of this part, seismic standards for steel structures are provided.

The next part is standards related to concrete structures. In this regard, seismic standards
are considered as well. It should be noted that in these regulation, design requirements

and implementation of structures have been evaluated.

For future suggestions it is suggested to evaluate design standards and implantation of the
mentioned structures in other usages in future researches and researchers can conduct a
comparative evaluation between standards in Iran and Finland to improve the level of
interactions between the two countries. These researches can be divided into various us-
ages and structures.
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