
SYMBIOSIS INTERNATIONAL SCHOOL, 
PUNE, INDIA 

 MATHS STANDARD LEVEL 
 HANDBOOK 



Contents

3

4

Aims

Assessment objectives

5Syllabus outline 

6

9

9

External assessment

Internal assessment

Internal assessment details

11

14

25

Internal assessment criteria

IB sample paper -1

IB sample paper -2

Extended essay  36

Internal assessment (Exploration) 59

Resources  77



Aims

Introduction

Group 5 aims
The aims of all mathematics courses in group 5 are to enable students to:

1. enjoy mathematics, and develop an appreciation of the elegance and power of mathematics

2. develop an understanding of the principles and nature of mathematics

3. communicate clearly and confidently in a variety of contexts

4. develop logical, critical and creative thinking, and patience and persistence in problem-solving

5. employ and refine their powers of abstraction and generalization

6. apply and transfer skills to alternative situations, to other areas of knowledge and to future developments

7. appreciate how developments in technology and mathematics have influenced each other

8. appreciate the moral, social and ethical implications arising from the work of mathematicians and the
applications of mathematics

9. appreciate the international dimension in mathematics through an awareness of the universality of
mathematics and its multicultural and historical perspectives

10. appreciate the contribution of mathematics to other disciplines, and as a particular “area of knowledge”
in the TOK course.
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Assessment objectives

Introduction

Problem-solving is central to learning mathematics and involves the acquisition of mathematical skills and 
concepts in a wide range of situations, including non-routine, open-ended and real-world problems. Having 
followed a DP mathematics SL course, students will be expected to demonstrate the following.

1. Knowledge and understanding: recall, select and use their knowledge of mathematical facts, concepts
and techniques in a variety of familiar and unfamiliar contexts.

2. Problem-solving: recall, select and use their knowledge of mathematical skills, results and models in
both real and abstract contexts to solve problems.

3. Communication and interpretation: transform common realistic contexts into mathematics; comment
on the context; sketch or draw mathematical diagrams, graphs or constructions both on paper and using
technology; record methods, solutions and conclusions using standardized notation.

4. Technology: use technology, accurately, appropriately and efficiently both to explore new ideas and to
solve problems.

5. Reasoning: construct mathematical arguments through use of precise statements, logical deduction and
inference, and by the manipulation of mathematical expressions.

6. Inquiry approaches: investigate unfamiliar situations, both abstract and real-world, involving organizing 
and analysing information, making conjectures, drawing conclusions and testing their validity.
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Syllabus outline

Syllabus

Syllabus component
Teaching hours

SL

All topics are compulsory. Students must study all the sub-topics in each of the topics 
in the syllabus as listed in this guide. Students are also required to be familiar with the 
topics listed as prior learning.

Topic 1

Algebra

9

Topic 2

Functions and equations

24

Topic 3

Circular functions and trigonometry

16

Topic 4

Vectors

16

Topic 5

Statistics and probability

35

Topic 6

Calculus

40

Mathematical exploration

Internal assessment in mathematics SL is an individual exploration. This is a piece of 
written work that involves investigating an area of mathematics.

10

Total teaching hours 150
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Assessment

External assessment

General
Markschemes are used to assess students in both papers. The markschemes are specific to each examination.

External assessment details

Paper 1 and paper 2
These papers are externally set and externally marked. Together, they contribute 80% of the final mark for 
the course. These papers are designed to allow students to demonstrate what they know and what they can do.

Calculators
Paper 1
Students are not permitted access to any calculator. Questions will mainly involve analytic approaches to 
solutions, rather than requiring the use of a GDC. The paper is not intended to require complicated calculations, 
with the potential for careless errors. However, questions will include some arithmetical manipulations when 
they are essential to the development of the question.

Paper 2
Students must have access to a GDC at all times. However, not all questions will necessarily require the use of 
the GDC. Regulations covering the types of GDC allowed are provided in the Handbook of procedures for the 
Diploma Programme.

Mathematics SL formula booklet
Each student must have access to a clean copy of the formula booklet during the examination. It is the 
responsibility of the school to download a copy from IBIS or the OCC and to ensure that there are sufficient 
copies available for all students.

Awarding of marks
Marks may be awarded for method, accuracy, answers and reasoning, including interpretation.

In paper 1 and paper 2, full marks are not necessarily awarded for a correct answer with no working. 
Answers must be supported by working and/or explanations (in the form of, for example, diagrams, graphs 
or calculations). Where an answer is incorrect, some marks may be given for correct method, provided this is 
shown by written working. All students should therefore be advised to show their working.
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Paper 1
Duration: 1 hour 30 minutes
Weighting: 40%
• This paper consists of section A, short-response questions, and section B, extended-response questions.

• Students are not permitted access to any calculator on this paper.

Syllabus coverage
• Knowledge of all topics is required for this paper. However, not all topics are necessarily assessed in

every examination session.

Mark allocation
• This paper is worth 90 marks, representing 40% of the final mark.

• Questions of varying levels of difficulty and length are set. Therefore, individual questions may not
necessarily each be worth the same number of marks. The exact number of marks allocated to each
question is indicated at the start of the question.

Section A
This section consists of compulsory short-response questions based on the whole syllabus. It is worth 
approximately 45 marks.

The intention of this section is to test students’ knowledge and understanding across the breadth of the syllabus. 
However, it should not be assumed that the separate topics are given equal emphasis.

Question type
• A small number of steps is needed to solve each question.

• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

Section B
This section consists of a small number of compulsory extended-response questions based on the whole 
syllabus. It is worth approximately 45 marks. Individual questions may require knowledge of more than 
one topic.

The intention of this section is to test students’ knowledge and understanding of the syllabus in depth. The 
range of syllabus topics tested in this section may be narrower than that tested in section A.

Question type
• Questions require extended responses involving sustained reasoning.

• Individual questions will develop a single theme.

• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

• Normally, each question ref lects an incline of difficulty, from relatively easy tasks at the start of a
question to relatively difficult tasks at the end of a question. The emphasis is on problem-solving.

Paper 2
Duration: 1 hour 30 minutes
Weighting: 40%
This paper consists of section A, short-response questions, and section B, extended-response questions. A 
GDC is required for this paper, but not every question will necessarily require its use.
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External assessment

Syllabus coverage
• Knowledge of all topics is required for this paper. However, not all topics are necessarily assessed in

every examination session.

Mark allocation
• This paper is worth 90 marks, representing 40% of the final mark.

• Questions of varying levels of difficulty and length are set. Therefore, individual questions may not
necessarily each be worth the same number of marks. The exact number of marks allocated to each
question is indicated at the start of the question.

Section A
This section consists of compulsory short-response questions based on the whole syllabus. It is worth 
approximately 45 marks.

The intention of this section is to test students’ knowledge and understanding across the breadth of the syllabus. 
However, it should not be assumed that the separate topics are given equal emphasis.

Question type
• A small number of steps is needed to solve each question.

• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

Section B
This section consists of a small number of compulsory extended-response questions based on the whole 
syllabus. It is worth approximately 45 marks. Individual questions may require knowledge of more than one 
topic.

The intention of this section is to test students’ knowledge and understanding of the syllabus in depth. The 
range of syllabus topics tested in this section may be narrower than that tested in section A.

Question type
• Questions require extended responses involving sustained reasoning.

• Individual questions will develop a single theme.

• Questions may be presented in the form of words, symbols, diagrams or tables, or combinations of these.

• Normally, each question ref lects an incline of difficulty, from relatively easy tasks at the start of a
question to relatively difficult tasks at the end of a question. The emphasis is on problem-solving.
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Internal ent

Teachers must judge the internally assessed work against the criteria using the level descriptors.

• The aim is to find, for each criterion, the descriptor that conveys most accurately the level attained by
the student.

• When assessing a student’s work, teachers should read the level descriptors for each criterion, starting
with level 0, until they reach a descriptor that describes a level of achievement that has not been reached.
The level of achievement gained by the student is therefore the preceding one, and it is this that should
be recorded.

• Only whole numbers should be recorded; partial marks, that is fractions and decimals, are not acceptable.

• Teachers should not think in terms of a pass or fail boundary, but should concentrate on identifying the
appropriate descriptor for each assessment criterion.

• The highest level descriptors do not imply faultless performance but should be achievable by a student.
Teachers should not hesitate to use the extremes if they are appropriate descriptions of the work being
assessed.

• A student who attains a high level of achievement in relation to one criterion will not necessarily attain
high levels of achievement in relation to the other criteria. Similarly, a student who attains a low level
of achievement for one criterion will not necessarily attain low achievement levels for the other criteria.
Teachers should not assume that the overall assessment of the students will produce any particular
distribution of marks.

• It is expected that the assessment criteria be made available to students.

Internal assessment details

Mathematical exploration
Duration: 10 teaching hours
Weighting: 20%

Introduction
The internally assessed component in this course is a mathematical exploration. This is a short report written 
by the student based on a topic chosen by him or her, and it should focus on the mathematics of that particular 
area. The emphasis is on mathematical communication (including formulae, diagrams, graphs and so on), with 
accompanying commentary, good mathematical writing and thoughtful reflection. A student should develop 
his or her own focus, with the teacher providing feedback via, for example, discussion and interview. This will 
allow the students to develop area(s) of interest to them without a time constraint as in an examination, and 
allow all students to experience a feeling of success.

The final report should be approximately 6 to 12 pages long. It can be either word processed or handwritten. 
Students should be able to explain all stages of their work in such a way that demonstrates clear understanding. 
While there is no requirement that students present their work in class, it should be written in such a way that 
their peers would be able to follow it fairly easily. The report should include a detailed bibliography, and sources 
need to be referenced in line with the IB academic honesty policy. Direct quotes must be acknowledged.

The purpose of the exploration
The aims of the mathematics SL course are carried through into the objectives that are formally assessed as 
part of the course, through either written examination papers, or the exploration, or both. In addition to testing 
the objectives of the course, the exploration is intended to provide students with opportunities to increase their 
understanding of mathematical concepts and processes, and to develop a wider appreciation of mathematics. 
These are noted in the aims of the course, in particular, aims 6–9 (applications, technology, moral, social 

Internal assessment
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and ethical implications, and the international dimension). It is intended that, by doing the exploration, 
students benefit from the mathematical activities undertaken and find them both stimulating and rewarding. It 
will enable students to acquire the attributes of the IB learner profile.

The specific purposes of the exploration are to:

• develop students’ personal insight into the nature of mathematics and to develop their ability to ask their
own questions about mathematics

• provide opportunities for students to complete a piece of mathematical work over an extended period of
time

• enable students to experience the satisfaction of applying mathematical processes independently

• provide students with the opportunity to experience for themselves the beauty, power and usefulness of
mathematics

• encourage students, where appropriate, to discover, use and appreciate the power of technology as a
mathematical tool

• enable students to develop the qualities of patience and persistence, and to reflect on the significance of
their work

• provide opportunities for students to show, with confidence, how they have developed mathematically.

Management of the exploration
Work for the exploration should be incorporated into the course so that students are given the opportunity to 
learn the skills needed. Time in class can therefore be used for general discussion of areas of study, as well as 
familiarizing students with the criteria.

Further details on the development of the exploration are included in the teacher support material.

Requirements and recommendations
Students can choose from a wide variety of activities, for example, modelling, investigations and applications 
of mathematics. To assist teachers and students in the choice of a topic, a list of stimuli is available in the 
teacher support material. However, students are not restricted to this list.

The exploration should not normally exceed 12 pages, including diagrams and graphs, but excluding the 
bibliography. However, it is the quality of the mathematical writing that is important, not the length.

The teacher is expected to give appropriate guidance at all stages of the exploration by, for example, directing 
students into more productive routes of inquiry, making suggestions for suitable sources of information, and 
providing advice on the content and clarity of the exploration in the writing-up stage.

Teachers are responsible for indicating to students the existence of errors but should not explicitly correct these 
errors. It must be emphasized that students are expected to consult the teacher throughout the process.

All students should be familiar with the requirements of the exploration and the criteria by which it is assessed. 
Students need to start planning their explorations as early as possible in the course. Deadlines should be firmly 
established. There should be a date for submission of the exploration topic and a brief outline description, a 
date for the submission of the first draft and, of course, a date for completion.

In developing their explorations, students should aim to make use of mathematics learned as part of the course. 
The mathematics used should be commensurate with the level of the course, that is, it should be similar to that 
suggested by the syllabus. It is not expected that students produce work that is outside the mathematics SL 
syllabus—however, this is not penalized.
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Internal assessment criteria
The exploration is internally assessed by the teacher and externally moderated by the IB using assessment 
criteria that relate to the objectives for mathematics SL.

Each exploration is assessed against the following five criteria. The final mark for each exploration is the sum 
of the scores for each criterion. The maximum possible final mark is 20.

Students will not receive a grade for mathematics SL if they have not submitted an exploration.

Criterion A Communication

Criterion B Mathematical presentation

Criterion C Personal engagement

Criterion D Reflection

Criterion E Use of mathematics

Criterion A: Communication
This criterion assesses the organization and coherence of the exploration. A well-organized exploration 
includes an introduction, has a rationale (which includes explaining why this topic was chosen), describes the 
aim of the exploration and has a conclusion. A coherent exploration is logically developed and easy to follow.

Graphs, tables and diagrams should accompany the work in the appropriate place and not be attached as 
appendices to the document.

Achievement level Descriptor

0 The exploration does not reach the standard described by the descriptors 
below.

1 The exploration has some coherence.

2 The exploration has some coherence and shows some organization.

3 The exploration is coherent and well organized.

4 The exploration is coherent, well organized, concise and complete.

Criterion B: Mathematical presentation
This criterion assesses to what extent the student is able to:

• use appropriate mathematical language (notation, symbols, terminology)

• define key terms, where required

• use multiple forms of mathematical representation, such as formulae, diagrams, tables, charts, graphs
and models, where appropriate.

Students are expected to use mathematical language when communicating mathematical ideas, reasoning and 
findings.
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Students are encouraged to choose and use appropriate ICT tools such as graphic display calculators, 
screenshots, graphing, spreadsheets, databases, drawing and word-processing software, as appropriate, to 
enhance mathematical communication.

Achievement level Descriptor

0 The exploration does not reach the standard described by the descriptors 
below.

1 There is some appropriate mathematical presentation.

2 The mathematical presentation is mostly appropriate.

3 The mathematical presentation is appropriate throughout.

Criterion C: Personal engagement
This criterion assesses the extent to which the student engages with the exploration and makes it their own. 
Personal engagement may be recognized in different attributes and skills. These include thinking independently 
and/or creatively, addressing personal interest and presenting mathematical ideas in their own way.

Achievement level Descriptor

0 The exploration does not reach the standard described by the descriptors 
below.

1 There is evidence of limited or superficial personal engagement.

2 There is evidence of some personal engagement.

3 There is evidence of significant personal engagement.

4 There is abundant evidence of outstanding personal engagement.

Criterion D: Reflection
This criterion assesses how the student reviews, analyses and evaluates the exploration. Although reflection 
may be seen in the conclusion to the exploration, it may also be found throughout the exploration.

Achievement level Descriptor

0 The exploration does not reach the standard described by the descriptors 
below.

1 There is evidence of limited or superficial reflection.

2 There is evidence of meaningful reflection.

3 There is substantial evidence of critical reflection.
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Criterion E: Use of mathematics
This criterion assesses to what extent students use mathematics in the exploration.

Students are expected to produce work that is commensurate with the level of the course. The mathematics 
explored should either be part of the syllabus, or at a similar level or beyond. It should not be completely 
based on mathematics listed in the prior learning. If the level of mathematics is not commensurate with the 
level of the course, a maximum of two marks can be awarded for this criterion.

The mathematics can be regarded as correct even if there are occasional minor errors as long as they do not 
detract from the flow of the mathematics or lead to an unreasonable outcome.

Achievement level Descriptor

0 The exploration does not reach the standard described by the descriptors 
below.

1 Some relevant mathematics is used.

2 Some relevant mathematics is used. Limited understanding is demonstrated.

3 Relevant mathematics commensurate with the level of the course is used. 
Limited understanding is demonstrated.

4 Relevant mathematics commensurate with the level of the course is used. 
The mathematics explored is partially correct. Some knowledge and 
understanding are demonstrated.

5 Relevant mathematics commensurate with the level of the course is used. The 
mathematics explored is mostly correct. Good knowledge and understanding 
are demonstrated.

6 Relevant mathematics commensurate with the level of the course is used. The 
mathematics explored is correct. Thorough knowledge and understanding are 
demonstrated.
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MATHEMATICAL STUDIES
STANDARD LEVEL
PAPER 1

Day  Date  Month Year (afternoon)

INSTRUCTIONS TO CANDIDATES

	Write your session number in the boxes above.
	Do not open this examination paper until instructed to do so.
	A graphic display calculator is required for this paper.
 A clean copy of the Mathematical Studies SL information booklet is required for this paper.
	Answer all questions 
	Write your answers in the boxes provided.
	Unless otherwise stated in the question, all numerical answers should be given exactly or 

correct to three significant figures.
 The maximum mark for this examination paper is [90 marks].

1 hour 30 minutes

Examination code

–

Candidate session number

IB SAMPLE QUESTION PAPER - P1
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mathematics
staNDaRD level
PaPeR 2

Day   Date  Month Year  (morning/afternoon))

iNSTrucTioNS To cANdidATES

	Write your session number in the boxes above.
	do not open this examination paper until instructed to do so.
	A graphic display calculator is required for this paper.
 Section A: answer all questions in the boxes provided.
 Section B:  answer all questions in the answer booklet provided.  Fill in your session number 

on the front of the answer booklet, and attach it to this examination paper and 
your cover sheet using the tag provided.

	unless otherwise stated in the question, all numerical answers should be given exactly or 
correct to three significant figures.

	A clean copy of the Mathematics SL information booklet is required for this paper.
	The maximum mark for this examination paper is [90 marks].

1 hour 30 minutes

Examination code

–

candidate session number

0 0

 IB SAMPLE QUESTION PAPER - P2
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10)[Maximum Mark:13] 

  [4 marks] 
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10)[Maximum Mark:13] 

  [4 marks] 
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Topic 
 ALHAZEN'S  BILLIARD PROBLEM

 EXTENDED ESSAY
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INTERNAL ASSESSMENT  - Exploration

Topic:- 

“Calculation of load bearing on internal pipes to avoid seismic ruptures” 

Research Question:- 

“To what extent can we prevent damage caused by structural ruptures during seismic shocks?” 

Internal Assessment - Exploration 
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“It takes an Earthquake to remind us that we walk together on the crust of an unfinished Earth.” 

~Charles Kuralt 

‘Seismic Shocks “Earthquakes”’: A sudden violent shaking of the ground, typically causing great 
destruction, as a result of movements within the earth's crust or volcanic action. It majorly occurs due to. 
An earthquake is the perceptible shaking of the surface of the Earth, resulting from the sudden release of 
energy in the Earth’s crust that creates seismic waves.”

1

On January 4, 2016, at 04:35 hours early morning, an earthquake of a magnitude of 6.7 Richter, with a 
maximum Mercalli intensity of VII (Very Strong) struck 29 km West of Imphal, the capital of the state of 
Manipur (India), with a population of 250,000. Eleven people at the least were killed, more than 200 were 
injured and many buildings were damaged. The neighbouring country Bangadesh also felt the quake 
strongly. The seismic shock was centered in an isolated area, thus, minimizing the damage.2

At 04:35 hours of the day is a time when everyone is usually sleeping. There is hardly any time to react 
even if there is a realization which sets in after a minute as shock waves do not last more than 30-60 
seconds. However, this is enough to damage an entire building. Most of the deaths occur due to structural 
ruptures from the inside. This brings us to the research question, “To what extent can we prevent damage 
of property and loss of life caused by structural ruptures during seismic shocks?” 

It is learnt from researches done by seismic scientists that one of the major contributors to the structural 
ruptures is due to the damage to the pipes concealed within the structure which in many cases is not 
designed to address such load stresses. The pipes tend to burst leading to flooding, electrical leakages, loss 
of network and connection, etc. jeopardizing lives and property immensely. 

One of my close friends had just gone to Imphal, her hometown when this tragedy struck. Though she was 
unharmed and safe, she recounted the horrors of this calamity and whereas I along with my other friends 
was making desperate attempts to know about her well-being. There was nothing remotely that we could 
do but pray. I thought the victims who suffer such a tragedy would not even get the time to react leave 
alone pray. This incident though smaller as compared to major earthquake devastations, made me want to 
get some insight into the causes and precautions. 

Introduction on Pipes: 

Water supply and sanitation has been a primary necessity since the beginning of human civilization. Water 
supply advanced from dug wells to borewells to drainage systems to pipes. Each and every building today 
essentially requires pipes. Almost every generation, they have to be modified to fulfil specific 
requirements. Pipes have eventually evolved, leading in the invention of pipes that can withstand great 
pressures or movements such as earthquakes or tsunami’s. 

However, when earthquakes and tsunami’s combine they create havoc. The same applying on a smaller 
scale, if an earthquake results in the bursting of a pipe line, the odds may not at all be in your favour. Not 
only will one be soaked in water, there is a high probability of being electrocuted as well. So even trying 
and swimming out would not result in standing much of a chance to survive. Thus, I wondered if it was 

1
 MS, “Earthquake,” (October 6, 2015), http://documents.tips/documents/earthquake-561412254804b.html 

2TheQuint, “Manipur Quake: Death toll reaches 9 in India, 3 in Bangladesh,” (January 3, 2016), 
http://www.thequint.com/hot-wire/2016/01/04/live-6-killed-35-injured-as-68-magnitude-hits-north-east-india 
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possible for pipes to remain intact during such times of catastrophe. This lead me to searching for certain 
remedies after a discussion with my father giving way to me investigating on seismic pipes. 

So, what are Seismic Pipes? 

These pipes are referred to as ‘pipe supports’ or ‘pipe-ways’. Main pipe racks transfer material between 
equipment and storage or utility areas. Storage racks found in warehouse stores are not pipe racks, even if 
they store lengths of piping. To allow maintenance access under the pipe rack, transverse frames (bents) 
are typically moment-resisting frames that support gravity loads and resist lateral loads transverse to the 
pipe rack. If the density of the pipe and the density of the insulation is provided, the resistance to bursting 
of the pipe can be calculated during an earthquake.3

Formulae used: 

4

Where Fp is not greater than; 

Nor less than; 

The Vertical Acceleration is calculated as; 

3Richard M. Drake and Robert J. Walter, “  Design of Structural Steel Pipe Racks,”252, 4th Quarter (2010),
http://www.sefindia.org/forum/files/design_of_structural_steel_pipe_racks_115.pdf 

4Pipe and Duct Seismic Application Forces, http://www.kineticsnoise.com/seismic/pipe_duct/Part%20I%20-
%20Selection/S5.0%20Horizontal%20Seismic%20Force.pdf
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Where; 

1. ap = component amplification factor;
2. Cp = seismic coefficient determined based on seismic zone;
3. Rp = component response modification factor;
4. Ip = component importance factor;

5.  =height amplification factor where hx is height of attachment in structure and hr is 

average height of roof above grade. The value of hx ≥ 0 and hx /hr need not exceed 1; 
6. Wp = mass of equipment in kilograms times standard acceleration of gravity. (9.807 m/s2)

However, the equation was made to be used to have an account of all the horizontal and vertical forces: 

5

Where: 

Fp= Horizontal Seismic Force 

ap= Component Amplification Factor 

Rp= Component Response Modification Factor 

Sp= Mapped Spectral Response Acceleration at Short Periods 

Wp= Weight of Bare Pipe 

Ip= Importance Factor; 

Ip=1.5 for Life Safety, Hazardous and Essential Systems. Ip=1.0 for all other components. 

z= Attachment Height within that Building 

h= Roof Elevation 

(0.7)= Conversion Factor from Strength Design to Allowable Stress Design. 

Pipe Calculations 

When using pipes the values of the factor dependent constants are as follows: 

ap = 1a 

Ca = 0.36 

Rp = 3 

5 Pipe and Duct Seismic Application Forces http://www.kineticsnoise.com/seismic/pipe_duct/Part%20I%20-
%20Selection/S5.0%20Horizontal%20Seismic%20Force.pdf 
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Ip = 1.5 

(1+  =4 

Fp = 1.44: 

Limits: Fpmin = 2.16;Fpmax = 0.378 

Thus, having the diameter of the pipe, the total safety or uncertainty of the pipe can be 
calculated. 

Calculations: 

1. Calculation of the weight of the bare pipe:

Here we use the formula π × D (m) × t (m) × ð (kg/m
3) x l (m) then we add 5% to the total for safety

uncertainty and convert to kg 

Table 1: Weight of the Bare Pipe with Safety Margin 

Calculation of weight of Bare Pipe with Safety Margin (Sample calculation for Sr.4): 

Diameter of Pipe D = 0.067 m 

Sr No 

Pipe Size Length 

Π 

Thickness Density Pipe Weight 

D l T Ð π × D × t × ð x l With Safety Margin 

(m) (m) (m) (kg/m
3
) (kg) 5% (kg) 

1 0.026 1 3.14 0.006 7.865 0.003855 0.000193 0.004047 

2 0.032 1 3.14 0.006 7.865 0.004744 0.000237 0.004981 

3 0.041 1 3.14 0.006 7.865 0.006078 0.000304 0.006382 

4 0.067 1 3.14 0.006 7.865 0.009933 0.000497 0.010430 

5 0.085 1 3.14 0.006 7.865 0.012601 0.000630 0.013231 

6 0.114 1 3.14 0.006 7.865 0.016901 0.000845 0.017746 

7 0.149 1 3.14 0.006 7.865 0.022090 0.001104 0.023194 

8 0.203 1 3.14 0.006 7.865 0.030095 0.001505 0.031600 

9 0.258 1 3.14 0.006 7.865 0.038249 0.001912 0.040161 

10 0.313 1 3.14 0.008 7.865 0.061870 0.003094 0.064964 

11 0.361 1 3.14 0.008 7.865 0.071359 0.003568 0.074926 

12 0.409 1 3.14 0.008 7.865 0.080847 0.004042 0.084889 

13 0.459 1 3.14 0.008 7.865 0.090730 0.004537 0.095267 

14 0.506 1 3.14 0.008 7.865 0.100021 0.005001 0.105022 

15 0.606 1 3.14 0.008 7.865 0.119787 0.005989 0.125777 

16 0.713 1 3.14 0.008 7.865 0.140938 0.007047 0.147985 

17 0.821 1 3.14 0.008 7.865 0.162286 0.008114 0.170401 

18 0.901 1 3.14 0.010 7.865 0.222625 0.011131 0.233756 

19 1.047 1 3.14 0.010 7.865 0.258699 0.012935 0.271634 

20 1.212 1 3.14 0.010 7.865 0.299469 0.014973 0.314442 
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Graph 1: Pipe Size Vs Weight with safety margin co-relation 

Thickness of Pipe t   = 0.006 m 
Density of material ð(rho)  = 7.865 Kg/m3 
Length of Pipe   = 1 m 
Weight of Pipe   = 3.14 x D x t xðx l  
  =3.14 x 0.067 x 0.006 x 7.865 x 1 
  = 0.009933 Kg 
 
5% of Weight of Pipe = 0.009933 x 5% = 0.000497 Kg 
 
∴Weight of Bare Pipe with Safety Margin = 0.010430 Kg 

 
 

As depicted in the Graph 1 which shows the co-relation of the Pipe Size (m) with the Weight (with safety 
Margins) of the Pipe, shows that with the increase in the dia there is an increase in weight of the pipe 
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Graph 1: Pipe Size Vs Weight with safety margin co-relation 

Thickness of Pipe t   = 0.006 m 
Density of material ð(rho)  = 7.865 Kg/m3 
Length of Pipe   = 1 m 
Weight of Pipe   = 3.14 x D x t xðx l  
  =3.14 x 0.067 x 0.006 x 7.865 x 1 
  = 0.009933 Kg 
 
5% of Weight of Pipe = 0.009933 x 5% = 0.000497 Kg 
 
∴Weight of Bare Pipe with Safety Margin = 0.010430 Kg 

 
 

As depicted in the Graph 1 which shows the co-relation of the Pipe Size (m) with the Weight (with safety 
Margins) of the Pipe, shows that with the increase in the dia there is an increase in weight of the pipe 
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2. Calculation of the weight of the pipe with insulation: 

Here we use the formula π × D (m) × t (m) × ð (in kg/m
3) x l (m) then we add 5% to the total for 

safety uncertainty and convert the kg. 
 
Table 2: Weight of Insulated Pipe with Safety Margin 

Sr 
No 

Pipe Size Length 

π 

Insulation 
Thickness 

Density Pipe Wt 

D l T ð π  × D × t × ð x l With safety Margin 

(m) (m) (m) (kg/m
3
) (kg) 5% (kg) 

1 0.026 1 3.14 0.025 80 0.163363 0.008168 0.171531 

2 0.032 1 3.14 0.025 80 0.201062 0.010053 0.211115 

 
3 

0.041 1 3.14 0.025 80 0.257611 0.012881 0.270491 

4 0.067 1 3.14 0.025 80 0.420973 0.021049 0.442022 

5 0.085 1 3.14 0.025 80 0.534071 0.026704 0.560774 

6 0.114 1 3.14 0.040 80 1.146053 0.057303 1.203356 

7 0.149 1 3.14 0.050 80 1.872389 0.093619 1.966009 

8 0.203 1 3.14 0.050 80 2.550973 0.127549 2.678522 

9 0.258 1 3.14 0.050 80 3.242124 0.162106 3.404230 

10 0.313 1 3.14 0.050 80 3.933274 0.196664 4.129938 

11 0.361 1 3.14 0.075 80 6.804690 0.340234 7.144924 

12 0.409 1 3.14 0.075 80 7.709468 0.385473 8.094942 

13 0.459 1 3.14 0.075 80 8.651946 0.432597 9.084543 

14 0.506 1 3.14 0.075 80 9.537875 0.476894 10.014769 

15 0.606 1 3.14 0.075 80 11.422831 0.571142 11.993972 

16 0.713 1 3.14 0.075 80 13.439733 0.671987 14.111720 

17 0.821 1 3.14 0.075 80 15.475485 0.773774 16.249260 

18 0.901 1 3.14 0.075 80 16.983450 0.849172 17.832622 

19 1.047 1 3.14 0.075 80 19.735485 0.986774 20.722259 

20 1.212 1 3.14 0.075 80 22.845662 1.142283 23.987945 

 
Calculation of weight of Insulated Pipe with Safety Margin (Sample calculation for Sr.4): 
 
Diameter of Pipe D   = 0.067 m 
Thickness of Pipe t   = 0.025 m 
Density of material ð(rho)  = 80 Kg/m3 
Length of Pipe   = 1 m 
Weight of Pipe   = 3.14 x D x t xðx l  
  = 3.14 x 0.067 x 0.025 x 80 x 1 
  = 0.420973 Kg 
 
5% of Weight of Pipe = 0.420973 x 5% = 0.021049 Kg 
 
∴Weight of Bare Pipe with Safety Margin = 0.442022 Kg 
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Graph 2: Pipe Size Vs Weight of Pipe with Insulation Co-relation 
 

As depicted in the Graph 2 which shows the co-relation of the Pipe Size (m) with the Weight (with safety 
Margins) of the Pipe with insulation, shows that with the increase in the dia there is an increase in weight 
of the pipe with insulation. 
 

3. Calculation of the weight of water in the pipe: 

 
Here we use the formula A (in m2) × ð (kg/m3) x l (m) then we add 5% to the total for safety 
uncertainty (as and convert the Kg. A is the area of pipe which can be found with πr2  
 
Table 3:Weight of water in the pipe 

 

Sr No 

Pipe Size Length 

π 

Area Density Water Wt 

D L  A Ð A × l × ð With safety Margin 

(m) (m) (m
2
) (kg/m

3
) (kg) 5% (kg) 

1 0.026 1 3.14 0.0005 1000 0.530929 0.026546 0.557476 

2 0.032 1 3.14 0.0008 1000 0.804248 0.040212 0.844460 

3 0.041 1 3.14 0.0013 1000 1.320254 0.066013 1.386267 

4 0.067 1 3.14 0.0035 1000 3.525652 0.176283 3.701935 

5 0.085 1 3.14 0.0057 1000 5.674502 0.283725 5.958227 

6 0.114 1 3.14 0.0102 1000 10.207035 0.510352 10.717386 

7 0.149 1 3.14 0.0174 1000 17.436625 0.871831 18.308456 

8 0.203 1 3.14 0.0324 1000 32.365473 1.618274 33.983747 

9 0.258 1 3.14 0.0523 1000 52.279243 2.613962 54.893206 

10 0.313 1 3.14 0.0769 1000 76.944673 3.847234 80.791906 

11 0.361 1 3.14 0.1024 1000 102.353874 5.117694 107.471568 

12 0.409 1 3.14 0.1314 1000 131.382190 6.569110 137.951300 

13 0.459 1 3.14 0.1655 1000 165.468470 8.273424 173.741894 

14 0.506 1 3.14 0.2011 1000 201.090204 10.054510 211.144714 

15 0.606 1 3.14 0.2884 1000 288.426480 14.421324 302.847804 

16 0.713 1 3.14 0.3993 1000 399.272079 19.963604 419.235683 

17 0.821 1 3.14 0.5294 1000 529.390563 26.469528 555.860092 

18 0.901 1 3.14 0.6376 1000 637.587014 31.879351 669.466365 

19 1.047 1 3.14 0.8610 1000 860.960535 43.048027 904.008562 

20 1.212 1 3.14 1.1537 1000 1,153.705920 57.685296 1,211.391216 
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Graph 3: Pipe Size Vs Weight of Water Co-relation 

Calculation of weight of water in the pipe(Sample calculation for Sr.4): 
 
Diameter of Pipe D   = 0.067 m 
Density of waterð(rho)  = 1000 Kg/m3 
Length of Pipe   = 1 m 
Area of cross section (A) = 3.14 x D2/4  
  = 3.14 x (0.067)2/4 
  = 0.0035 m2 
 
Weight of water  = A x l x ð 

= 0.0035 x 1 x 1000  
= 3.525652Kg 

 
5% of Weight of Pipe = 3.525652x 5% = 0.176283 Kg 
 
∴Weight of Bare Pipe with Safety Margin = 3.525652Kg 
 

 

As depicted in the Graph 3 which shows the co-relation of the Pipe Size (m) with the Weight (with safety 
Margins) of water, shows that with the increase in the dia there is an increase in weight of water 
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4. Calculation of the Weight Supports: 

Formula Used: Just add the Pipe, Water and Insulation Weight, and then multiply by 2. 
 
Table 4: Weight of 2 pipes on each support 

Sr 
No 

Pipe 
Size 

Len-
gth 

Weight 
Total Load 
Per Running 
Length 

Total Load 
per Running 
Length 

Distance 
Between 
the Pipes 

Total Effective 
Weight On 2 
Supports 

D l Pipe Insulation Water 
(1 pipe) on 
each support 

(2 pipe) on 
each support 

(2 pipes) on 
Each Support 

(m) (m) (Kg) (Kg) (Kg) (Kg/m) (Kg/m) (m) (Kg) 

1 0.026 1 0.0040473 0.1715310 0.5574756 0.733054 1.466108 3.00 4.398323 

2 0.032 1 0.0049813 0.2111150 0.8444601 1.060556 2.121113 3.00 6.363338 

3 0.041 1 0.0063822 0.2704911 1.3862670 1.663140 3.326281 3.00 9.978842 

4 0.067 1 0.0104295 0.4420221 3.7019350 4.154387 8.308773 3.00 24.926319 

5 0.085 1 0.0132315 0.5607743 5.9582268 6.532233 13.064465 3.00 39.193395 

6 0.114 1 0.0177457 1.2033557 10.7173863 11.938488 23.876975 3.00 71.630926 

7 0.149 1 0.0231940 1.9660087 18.3084559 20.297659 40.595317 3.00 121.785951 

8 0.203 1 0.0315999 2.6785219 33.9837466 36.693868 73.387737 3.00 220.163210 

9 0.258 1 0.0401614 3.4042298 54.8932055 58.337597 116.675193 3.00 350.025580 

10 0.313 1 0.0649639 4.1299377 80.7919063 84.986808 169.973616 6.00 1,019.841695 

11 0.361 1 0.0749264 7.1449242 107.4715678 114.691418 229.382837 6.00 1,376.297020 

12 0.409 1 0.0848890 8.0949418 137.9512997 146.131130 292.262261 6.00 1,753.573565 

13 0.459 1 0.0952666 9.0845435 173.7418940 182.921704 365.843408 6.00 2,195.060448 

14 0.506 1 0.1050215 10.0147691 211.1447144 221.264505 442.529010 6.00 2,655.174060 

15 0.606 1 0.1257768 11.9939724 302.8478039 314.967553 629.935106 6.00 3,779.610638 

16 0.713 1 0.1479849 14.1117200 419.2356829 433.495388 866.990776 6.00 5,201.944654 

17 0.821 1 0.1704006 16.2492597 555.8600916 572.279752 1,144.559504 6.00 6,867.357023 

18 0.901 1 0.2337560 17.8326224 669.4663652 687.532744 1,375.065487 6.00 8,250.392922 

19 1.047 1 0.2716343 20.7222593 904.0085621 925.002456 1,850.004911 6.00 11,100.029468 

20 1.212 1 0.3144420 23.9879449 1,211.3912157 1,235.693603 2,471.387205 10.0 24,713.872051 

 
 
 
Calculation of weight on 2 supports(Sample calculation for Sr.4): 
 
Distance between the pipes = 3.0 m 
 
Total Pipe Weight (Kg)   = Wt of pipe + Wt of Pipe with Insulation + Wt of Water in Pipe  
Total Pipe Weight (Kg)  = 0.0104295 + 0.4420221 + 3.7019350 
     = 4.154387 Kg 
 
Total Pipe Weight 2 Pipes (Kg)  = 4.154387 x 2 
     = 8.308773 Kg 
 
Thus, EffectiveWeight of Pipe on each Support = Total Pipe Weight 2 Pipes x Distance 
between the pipes 
 
     = 8.308773 x 3 
     = 24.926319 Kg 
 
Thus, EffectiveWeight of Pipe on each Support = 24.926319 Kg 
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Graph 4: Effective Weight Vs Load Co-relation 

As depicted in the Graph 4 which shows the co-relation of the effective weight (m) with the Load Kg/m, 
shows that with the increase in the load there is an increase in effective weight. 
 

5. Calculation of the Uplift (Seismic force): 

Resultant Forces at different angles (tan60o&tan45o) by the axial restraints andPipe Calculations 
 

Table 5: Calculation of the Uplift (Seismic Forces) 

Sr 
No 

Pipe 
Size 

Len- 
gth 

Load on each 
Support 

Distanc
e 
Betwe
en the 
Pipes 

Lateral Axial Vertical Horizontal Uplift Uplift 

Restrain
ts 
(Centre 
to 
centre 
Distance
) 

Restrai
nt 
(centre
Distanc
e) 

Dead Weight 
on each 
support 

Restraint 
Location 
considering 
0.36g Seismic 
Force 

Seismic Force 
at 60 Deg 

Seismic Force at 
45 Deg 

(2 pipes) On 
Each Support 

Force X (tan 
60) 

Force X (tan 45) 

(m) (m) (Kg) (m) (m) (m) (Kg) (KN) (KN) (KN) 

1 0.026 1 4.398323 3.00 12 24 4.398323 38.001511 12.162019 38.001511 

2 0.032 1 6.363338 3.00 12 24 6.363338 54.979243 17.595578 54.979243 

3 0.041 1 9.978842 3.00 12 24 9.978842 86.217198 27.592986 86.217198 

4 0.067 1 24.926319 3.00 12 24 24.926319 215.363400 68.924986 215.363400 

5 0.085 1 39.193395 3.00 12 24 39.193395 338.630937 108.375577 338.630937 

6 0.114 1 71.630926 3.00 12 24 71.630926 618.891199 198.070180 618.891199 

7 0.149 1 121.785951 3.00 12 24 121.785951 1,052.230618 336.756297 1,052.230618 

8 0.203 1 220.163210 3.00 12 24 220.163210 1,902.210134 608.784072 1,902.210134 

9 0.258 1 350.025580 3.00 12 24 350.025580 3,024.221014 967.872871 3,024.221014 

10 0.313 1 1,019.841695 6.00 12 24 1,019.841695 8,811.432246 2,820.014207 8,811.432246 

11 0.361 1 1,376.297020 6.00 12 24 1,376.297020 11,891.206256 3,805.666280 11,891.206256 

12 0.409 1 1,753.573565 6.00 12 24 1,753.573565 15,150.875603 4,848.892127 15,150.875603 

13 0.459 1 2,195.060448 6.00 12 24 2,195.060448 18,965.322275 6,069.669126 18,965.322275 

14 0.506 1 2,655.174060 6.00 12 24 2,655.174060 22,940.703876 7,341.951801 22,940.703876 

15 0.606 1 3,779.610638 6.00 12 24 3,779.610638 32,655.835911 10,451.186440 32,655.835911 

16 0.713 1 5,201.944654 6.00 12 24 5,201.944654 44,944.801809 14,384.151872 44,944.801809 

17 0.821 1 6,867.357023 6.00 12 24 6,867.357023 59,333.964675 18,989.265158 59,333.964675 

18 0.901 1 8,250.392922 6.00 12 24 8,250.392922 71,283.394847 22,813.565443 71,283.394847 

19 1.047 1 11,100.029468 6.00 12 24 11,100.029468 95,904.254602 30,693.234986 95,904.254602 

20 1.212 1 24,713.872051 10.00 12 24 24,713.872051 213,527.854523 68,337.537705 213,527.854523 
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Graph 5: Pipe Size Vs Weight on Each Support and Force Co-relation 

Calculation of Seismic Force Exerted(Sample calculation for Sr.4): 
 
Length between centers of Restraints = 12.0 m 
Total Length between Restraints  = 24.0 m 
Vertical Load     = Weight on 2 Pipes 
Horizontal Load    = Weight on 2 Pipes x 0.36 x Total Length between 
Restraints 
Vertical Load     = 24.926319 Kg 
Horizontal Load    = 24.926319 x 0.36 x 24 
      = 215.363400 Kg 
Horizontal Uplift at 60o   = Tan 60 x Horizontal Load = 0.320040 x Horizontal 
Load 
Horizontal Uplift at 45o   = Tan 45 x Horizontal Load = 1 x Horizontal Load 
Horizontal Uplift at 60o   = 0.320040 x 215.363400 
      = 68.924986 Kg 
Horizontal Uplift at 45o   =1 x 215.363400 
      = 215.363400 Kg 
Thus the Horizontal Uplift at 60o is 68.924986 KgandHorizontal Uplift at 45ois 215.363400 Kg 

 

As depicted in the Graph 5 which shows the co-relation of the Pipe Size (m) with the Weight (Kg) on each 
support and Force KN, shows that with the increase in the dia there is an corresponding increase in Weight 
and Force 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

71



6. Using Different Building Codes 

 
When calculating the seismic load the following formula is used 

        
  

  
     

   
  

   
6 

For the variables there are two known methods of calculation. The first one is called the Universal 

Building Code and the second one is called the International Building Code. Fp from both the calculation 

methodologies is used as a multiplication factor for calculating the final Load for consideration. The 

example of Mumbai is taken for reference purposes. IBC & UBC in here are considered for Mumbai. We 

should ideally use both building codes to find the best results. The one with the higher value for seismic 

load should be taken. This is because the value will give a maximum load instead of a minimum. 

UBC 19977 
 

IBC 20068 
 

ap 1 
 

Ap 1 
 

Ca 0.36 
 

Fa 1.2 
 

Ip 1.5 
 

Rp 2.5 
 

hx/hr 1 
 

Ip 1.5 
 

Rp 3 
 

z/h 1 
 

Fp 1.44 
 

Ss 1.24 
 

FpMin 2.16 
 

Sds 0.992 
 

FpMax 0.378 
 

Fp 1.42848 
 

   
FpMin 2.3808 

 
   

FpMax 0.4464 
 

 
 
 

7. Seismic Load Calculations: 

Table 6: Pipe Size and Load Per Meter 

                                                           
6
 ASME Codes and Standards, “Supplement Agenda A17 Earthquake Safety Committee,” New York: Three Park Avenue, 

ww.asme.org 
7
The Seismic Analysis for a Multi-Story Building Due To UBC 1997&IBC 2006 Codes 

http://uotechnology.edu.iq/tec_magaz/volum292011/No.7.2011/text/Text%20(10).pdf 
8
The Seismic Analysis for a Multi-Story Building Due To UBC 1997&IBC 2006 

Codeshttp://uotechnology.edu.iq/tec_magaz/volum292011/No.7.2011/text/Text%20(10).pdf 

Sr. no. 

Pipe Size Length 
Load per Meter 

D L 

(m) (m) (Kg/m) 

1 0.026 1 1.4529 

2 0.032 1 2.1211 

3 0.041 1 3.3131 
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Calculation of Load per meter (Sample calculation for Sr.4): 
 
Load Per Meter     = Vertical Load/Distance between the Pipes 
 
Distance between the pipes  = 3.0 m (Table 5) 
Vertical Load     = 24.926319 Kg (Table 5) 
 
Load Per Meter    = 24.926319 Kg / 3.0 m 
      = 7.9525 Kg/m 
 
Thus, the Load Per Meter is 7.9525 Kg/m 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Seismic Load using UBC and IBC Calculations: 

Processed Data Table: Calculating the Seismic Load in Kg/m of different building codes using 
processed data table 

4 0.067 1 7.9525 

5 0.085 1 12.8006 

6 0.114 1 23.1592 

7 0.149 1 39.3022 

8 0.203 1 71.3294 

9 0.258 1 113.8251 

10 0.313 1 166.9916 

11 0.361 1 220.3577 

12 0.409 1 287.9476 

13 0.459 1 361.5287 

14 0.506 1 438.3331 

15 0.606 1 623.7600 

16 0.713 1 858.5594 

17 0.821 1 1,135.8114 

18 0.901 1 1,369.0883 

19 1.047 1 1,840.2276 

20 1.212 1 2,459.0370 

21 1.3938 1 3,244.4370 

22 1.60287 1 4,285.7942 
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Table 7: Pipe Size & Load using IBC and UBC 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Calculation of Load per meter (Sample calculation for Sr.4): 
 
Load Per Meter     = 7.9525 Kg/m 
 
UBC (Universal Building Code 2006) = 1.42848 
 
IBC (International Building Code1997) = 1.44 
 
Load Per meter UBC    = Load Per Meter x 1.42848 
      = 7.9525 x 1.42848 
      = 11.45 Kg/m 
 
Load Per Meter IBC    = Load Per Meter x 1.44 
      = 7.9525 x 1.44 
      = 11.36 Kg/m 
 
Thus, the Load Per Meter UBC is 11.45 Kg/m and Load Per Meter IBC is 11.36 Kg/m 
 

Sr No 
Pipe Size IBC UBC 

(m) Kg/m Kg/m 

1 0.026 2.08 2.09 

2 0.032 3.03 3.05 

3 0.041 4.73 4.77 

4 0.067 11.36 11.45 

5 0.085 18.29 18.43 

6 0.114 33.08 33.35 

7 0.149 56.14 56.60 

8 0.203 101.89 102.71 

9 0.258 162.60 163.91 

10 0.313 238.54 240.47 

11 0.361 314.78 317.32 

12 0.409 411.33 414.64 

13 0.459 516.44 520.60 

14 0.506 626.15 631.20 

15 0.606 891.03 898.21 

16 0.713 1,226.43 1,236.33 

17 0.821 1,622.48 1,635.57 

18 0.901 1,955.72 1,971.49 

19 1.047 2,628.73 2,649.93 

20 1.212 3,512.69 3,541.01 

21 1.394 4,634.61 4,671.99 

22 1.603 6,122.17 6,171.54 
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This is why it is important to understand and use precaution before a calamity takes place like an 
earthquake. If we don’t, the force on the pipe may itself destroy the many internal furniture or appliances 
that could be salvaged in the debris and cause larger damage to the structure through ruptures caused 
flooding the building or short circuits endangering lives. Earthquakes and their consequences are so 
chaotic that it is of utmost importance to take immediately. Many governments, like India, are realizing 
the fundamental need for seismic safety and are now making it a legal formality.   
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