STRUCTURES ]

17_].0
7] lntrodu%titlm
' This module involves th
elements encountered lncCZ?las]t?-zzzsn?);folmes and design of structural
tramee with knowledge, skills and at t1s designed to equip the
structural elements. 1tudes in the analysis of forces of
B e Sk e KCSE wih ki Mot
g this module unit.
17.1.02 General Objectives
By the end of the module unit, the trainee should be able to-
a) understand the behavior of structural materials
b) understand principles of analyzing forces in determinate and in-
determinate
c) appreciate need for analysis in the design of building structural
members
d) generate structural drawings from the structural designs

17.1.3 Module Unit Summary and Time Allocation - (55 Hours)

Code Sub Module Unit | Content Time Hours |
Ther | Pract Total
oy

17.1.01 Stress and Strain e Defimtions 4 5 9

e Calculations
e Hooke’s Law
e Stress-stran
relationships |
|~e—Stress=strain-graphs—
e Module of rigidity \
" Faclcg_()_f_sffety :
17107 Composite o Composite matenals e :
Matenals o Compatibility \
Equations
o Equilibrium
Equations
« Determination of
Composite Materjals - . S
W*‘ Tempém o Temperature.
o Stress Equation
Stresses and ___#F__L__,_,_————qf
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M——

Strains

+ Application of the
Formula

e Elements of stress
equation

dub,

17.1.04

Types Of Supp&rls
and Loadings

o Simply Supported

« Continuous Supports
o Cantilever

« Concentrated Loads

o Uniformly
Distributed Loads

° Vir_)iirr_'l_g__I_J_OEldS

17.1.05

" Shear force and
Bending Moments

o Shear Force Values
—»—Bending Moment

Values

e Plotting The Shear
Force And Bending
Moment Diagrams

o Effects of a force on
a beam

e Point of contraflexure

"17.1.06

Properties Of
Sections

e Centroid

«  Radius of Gyration

e Section Modulus (Z)
e Moment of Inertia (I)

17.1.07

Theory of Simple
Bending

e Elements of Simple
Bending

e General Expression

e Behavior of Forces

17.1.08

Analysis of
Structural Plain
Frames

* Types of Frames

e Magnitude and
Direction

e Methods of
determination of
forces

Horizontal Shear
Stresses 1n Beams

* General Expression
of Shear

e Determination of
Shear Stress in Beam
Sections

e Shear Stress
Distribution
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o L ]
_ -ﬁ"ﬂ'ﬁ_— Colurmns and m %tﬂ force
Stuts enderness Ratios of | 2 3 6
Long and Shon
Colurmns
" %“ﬁﬂﬂmﬂ'c and
ceentnic Loadings |
e ngs in
* Rankine - Gordan
Formula
s Critical Loads on
- — Columns
| — Total | 21 34 35
17.1.01C  Competence
The trainee should
17.1.01 STRESS AND have the ability 10:
STRAIN i} camry our laboratory
test on melals
Theory 11} compute siress/straim
i resulls
1710170 Specific Objectives jiijplot stress/swrain
By the end of the sub- graph
module umt, the trainee 1v) interpre! the test
<hould be able 10: results
l a) define terms used in v) ealculaie the
properties of Epr“;iﬁm
mﬂteﬂﬂlls vi) sketch and table the
b) calculation of stress S e sltwin graphs
and straimn
c) state '.F-lu-:'.-ke’s law )
d) describe 1h'_: bl 17.1.01T1 Delintions
strain relationsiip i - plasticity
e) sketch stress siram . elasticity
B.TﬂF'hE - slress
f) describe the . madulus of
modulus of rigidity elasticity
2) explain working . bulk modulus
stress and ulumate - yield modulus
S{rEss 17.1.01T2 Calculations
1) describe the factor - 511'!:5.5
of safety e
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17.1.01T3
17.1.01T4
17.1.01TS

17.1.01T6
17.1.01T7

17.1.01T8

17.1.01P0

17.1.01P1
17.1.01P2
17.1.01P3

17.1.01P4

17.1.01P3

Stating Hooke's law
siress-strain relabionship
Skelching the stress-
strain graph

Modulus of ngidity
Workang stress and
ultimate stress

Factor of safety

Practice

Specific Objectives

By the end of the sub-

module umt, the

trainee should be able

to:

a) set the apparatus for
stress, stram
experimeni

bl camry our
experiment for
stress and strain

g) carry oul tensile test
for ferrous metals

d) plot the stress stram
graph

¢) calculate stress and
strain

Canient
Apparatus for stress
strain expenments
Experiment [or
stress/strain
tensile test for ferrous
metals
Stress/stramn graph

= conlours

- profiles
calculate stress and
strain

17.1.02

17.1.02T0

17.1.02C

17.1.02T1
17.1.02T2

17.1.02T3

17.1.02T4
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COMPOSITE
MATERIAL g

Theory

Specific Oljecyy,,

By the end l}ﬁhf

module unm, the,

should be ﬂ]:ll-t I

a) describe ¢
materials

b) derive the
compatibility
cquation

c) derive equilibng
equahon

d) solving the
COMPOSIe makn
problems

Competence
The trainee shoul
have the ability
1) calculate st
composie
matenals
1)id entify
appm‘pﬁal[t
composite
materials

Content
Description of
composite mate!
Dierivation of
compatibality r:qll
Derive cthhﬂ”
equation

- alculatio?

giresses

Deterrnination ol
composite M



T-l ,ﬂEPﬂ

17.1.02P1

17.1.02F2

17.1.02P3

17.1.03

Practice

Specific Objectives

By the end of the sub-

module unit, the trainee

should be able to:

a) explain the
strength propertics
ol composite
materials

b) calculate stresses in
composite materials

c) determine the

" forces in composite

materials

Content
FExplanation of: |
yarying materials
composite
materials
- equilibrium
Calculation of st_rass
. geries scctions
_ integrating
sections
- squili‘nﬁum
Determination of fnr:cs
- varylng sections
and lengths
. compoun
materials
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17.1.03C

a) derive the
lemperature/stress
equation

b) apply the formula
o solve problems

¢} determine the
elemenis of the
temperature siress
equation

Competence

The tramnec should have

the amhty to;

1) derive termperamre
stress equation

ii) apply the effect
tempemtum on
strain/stress for
materals

1) deterrmne the
position and size of
joints

iv) effcets in

jgmperaturc on

{emperamare:

contrachon,

expansion _

SITESS: comtrachion,

v) :
gApaAnsIon



Practice

17.1.03P0  Specific Objectives
By the end of the sub-
module unit, the trainee
should be able to:

a) demenstrale the
effect of temperalurc
on stress/stram

b) deterrine the
stresses developed
by forces and

jemperature n 2
given material

Content

17.1.03P1 effect of temperaturc on
stress/strain

17.1.03P2 stresses developed by
forces and temperalure
in a given matenal

17.1.04 TYPES OF
SUPPORTS AND
LOADINGS

Theory

17.1.04T0  Specific Objectives

By the end of the sub-

maodule unit, the tranee

should be able to:

a) 1dentify the types of
SUppoTis

b) identify the differenmt
loading systems

¢) delermine the basic
laws of stanc
equilibrium

17.1.04C f.:urnpetence

The trainec sh
; ol
the sbility 10: d have
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1) derive ¢
bﬂﬂding nr:‘lurrﬂﬂ
formulge My

11) analyse gy
SUpports |
loading Ysien,

1i1) identify ypesys
loads and loag
systems

iv) determmne g,

bending momy,

Conteni

17.1.04T1

Types of suppors
- tollers

- hinged
- fixed

17.1.04T2 Loading systems

17.1.04T3

17.1.04F0

- ¢oncentrated
- uniformly
- distributed
- VATYIng
- simply suppor
- conbmuous
- cantilevers
Laws of Static
Equilibrium
- sum of allm
i5 equal to zem
- sum of horizoft
forces 15 equél
ZETQ
. sum of verted
forces is equ? '
ZETD

Practice

Specific Gﬁy‘ecﬂ"it.
By the end of 1¢” 4
module unit, the’
should be able ¥



a) identify the types of
loads on a system

b) delermine moments
in a simply
supported system

Content
17.1.041'1 Types of loads on a
sysiem
- reaclions
- urnformly
distributed loads
- varying loads
- concentrated loads
17.1.04P2  Determination of
moments in a simple
supported system
mormments
- wertical
- horizontal
- inclined
17.1.05 SHEAR FORCE
AND BENDING
MOMENTS

Theory
1T105T0  Specific Objectives
By the end of the su_b-
module unit, the trainee
should be-ableto:

a) define sheat force al
a point on a8 loaded
beam

b) define bending
moment at 2 poini on
a Jpaded beam

¢) sketch shear force :
and bending momen

diagrams
d} discuss the effects of
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17.1.05C

17.1.05T1

17.1.85T2

17.1.0573

17.1.05T4

17.1.05T3

17.1.05F0

Competence

The tramee should have

the ability 1o:

1} plot the diagram

17) discuss the effects of
forces on @ load
syslem

1i) apply the Jaws of
slatic equilibrium n
the determination of
{orces

Cantens
Defining shear force and
bending moment at a
point on a loaded
beam
Shear force
- TARIITIMA
. distmbuhon
Bending moment
- delerrmnation
- ARIMUM
Diagrams
bending moment
. <hear lorce
Discussion point of
contraflexure
. effects

Practice

Specific Objectives

By the end of the sub-

module unit, the trainee

should be able to:

a) plotthe shear force
and bending moment
diagrams

b calculate shear
forces and bending



17.1.05P1

17.1.05F2

17.1.05P3

17.1.06

17.1.06T0

171010

momenis values al

any point on a
]uﬂdf.f_'] beam

: ni
¢) determine the po

of contraflexure

Content
Plot

_ ghear force diagram

. bending moment
diagram
Valoes

- shear forces

- hending moment
values

Paint of contraflexurc

PROPERTIES OF
SECTIONS

Theory

Specific Objectives

By the end of the sub-

module umt, the tramee

should be able 1o

a) determine centroids
of sections

b) derive the
expressions for
second moment of
area for sections

‘E} dEELijt Sccliﬂn
modules

d) discuss momeny of
Inertia
_l‘.'.'umpt:.r:-:nce

L= lrEITIE_E Eht,]:u
the ability o C DAV

) Dalance gy forges
7R Bty frame

17.1.06T1

17.1.06T2

i7.1.06T3

17.1.06T4

17.1.06P0

17.1.06P1

17.1.06P2
”'T-DEP3
]T‘]iﬂﬁpﬂ

1) dElErI'I']inmhf
bending Mo,
a structura] mEml
Content
Determining Centriy
of sections
Expressions for Staoy
moment
- peneral
- rectangular
- circular
- triangular
section modulus

moment of inertia(])
Practice

Specific Objeciives
By the end of the sulb-
module unit, the trame
should be able to:

a) calculate the second
rnoment of area ol
section |

b) caleulate the sec®
modulus of 8 sv:c:_hﬂ*

c) calculate the radi
of gyration

d) determine centi?
of section by
graphical method

g8

Cantent
Second mome™
area
Section mndU]E'E
Radius of g}"fahﬂ_‘;i
section of centr®

by graphical
method




{
'

!

)i 1.07

17.1.07C

1710

THEORY OF
SIMPLE BENDING

Theory

7.] 07T0  Specific ﬂbjﬂ‘mi Vs

By the end of the sub-
mﬂd"]ﬂ Unii.. ﬂ']ﬂ n'ainEt
should be able to:

a)

b)

derve the general
expression of simple
bending
determine the
appropriate forces
on a bending
stucture member

Cﬂmpﬂf&nﬂe

The trainee should have
the ability to:

1)

i)

demonsirale proper
use of structural
members in bending
analyse a loaded
beam using the
theory of simple
bending

Content
Elements of simple
bending

. centre of gravity ‘

- second moment O
areca _

- neutral axis

. derivation

B 07T2 Forces of bending |

structure members

- Compressive
. Tensile

17.1.07r0

17.1.07P1

17.1.07P2

17.1.07P3

17.1.08

17.1.08T0
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Practice

Specific Objectives

By the end of the sub-

module unit, the traines

should be able 1a:

a) apply the
CXpression to

calculate bending
stresses

b) apply theory to
determine the
[orces

discuss the behavior
of forces on a piven
section

Content
Bending stresses
- COMpIEssIvE
- tensile
Forces determination
- uniformly
distributed
. concentrate loads
Behaviour of forces on
Sections
. rectangular
- T-sections
. gircular
- l-sections

ANALYSIS OF
STRUCTURAL
PLAIN FRAMES

Theory

Specific Objectives

Ry the end of the sub-

module unit, the traimee

chould be able 10

a) jdentify dif{cn:nt
types of plain frames



17.1.08C

17.1.0871

17.1.08T2

17.1.08T3

17.1 08RO

b) determine the
magmtude and
direction of the
lorces in plain
frames

¢) identify the methods
for determination of
forces in frames

Competence

The trainee should have

the ability 10

1) calculate member
forces

i1} determmne struts and
lies

Conteny
Types of frames
- lattice
- warren
- cantilevers
Magmitude and direction
- foreces
- SITIs
- 11e
Methods of determining
forces
. graphical
lension
coefficient
- sections
Joint resolution

Practice

Specific Objectives

By the end of the sub-

module unit, the rainee

should be abje to:

a) analyze member
forees in the frames
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h} iﬂemi f}r li

c) caleulaje the
n frame

Content
Types of frame,
= Laitice
= Warren
* 'CEHI!]'I-EWH
17.1.08P2 Methods of E“a]}'t'tng
forces in frame;
= method {_'lfjmm
resolution
= method of seiy,
= method of tensiy
coefficient typs
= graphical methig
Caleulation of fircess
frames
= wvertical
- inclined
- honzontal

17.1.08P1

17.1.08P3

17.1.09 HORIZONTAL

SHEAR STRESSES
IN BEAMS

Theory

17.1.09T0  Specific Objectives

By the end of the sub |

module unit, the rar®

should be able to:

a) derive the genetd
expression for she¥
siress

b) sketch the shear
stress distributio?
diagram




17.1.09C

17.1.09T1
17.1.09T2

17.1.09T3
17.1.09T4

17.1.10

17.1.10T0

c) determine the
maximum shear
stress

d) determine maximum
shear force

Competence

The tramnee should have

the ability to:

1) derive general
expression

1) apply the
eXpression in
determining shear
stresses of
structural members

Content

General expression for
shear stress

Shear stress distribution
diagrams

Maximum shear sStress
Maximum shear force

COLUMNS AND
STRUTS

Theory

Specific Objectives
By-the end of the
module unit, the trainee
should be able to:

a) determine the
slenderness ratio of
the columns

b) determine stresses
and safe Joads for
concentric an
eccen'ﬂica]ly
columns

]oadCd

¢) derive and apply
Eulers formula for
long columns in
simple calculations
d) use Rankines
formula in
calculations of safe
loads
e) determine critical
loads from a column
with moments of
resistance
17.1.10C  Competence
The trainee should have
the ability to design
structural elements

Content
Slenderness ratio
- short columns
- Jong columns
- radius of gyration
- types of end fixity
- effective column
length
. slendemness ratio
calculation
17.1.10T2 Concentric and
eccentric load
concentric/
eccentric
safe axial load
compressive
stresses
eccentric loading
theory of
eccentrically
stresses with
applied moments
(min/max)

17.1 1073 Euler’sfonnp]a
h . derivation

17.110T1
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application
171.00T4  Rankine’s - Gordon

formula

- application
17.3.10TS  Cnitical loads on column

- defimtion

- dernvations of
expression for
moment of
resistance of a
column and 1ts

- application

_ determination of
critical and
buckling load

Practice

Specific Objectives
‘éy the end of the sub-
module unt, the
trainee should be able
to:

a) deteymine safe
Joads on structural
elements

b) design structural
elements

17.1.10P0

1QA

Content
Safe loads

elements

17.1.10P1

17.1.10P2 g

Suggested
Teaching/Learniy,
Methods
- Lecture
- Group work

Suggested
Teaching/Learning
Resources

- Charts
- Text books
- (Calculator

Suggested Assessne
Methods

- Wnitten tests

- Assignment

Tools and F.quipmii'
- Computer
Calculator




