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Construction in Civil Engineering

= Construction is a process that consists of the building or
assembling of infrastructure. Far from being a single
activity, large scale construction is feat of
multitasking. Normally the job is monaged by the
project manager and supervised by the construction
manager, design _engineer, construction engineer or
project architect.

= For the successful execution of a project, effective
planning is essential. Those involved with the design
and execution of the infrastructure in question must
consider the environmental impact of the job, the
successful  scheduling, budgeting, site  safety,
availability of materials, logistics, inconvenience to the
public caused by construction delays, preparing
tender documents,
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http://en.wikipedia.org/wiki/Environmental_impact
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http://en.wikipedia.org/wiki/Construction_delay
http://en.wikipedia.org/wiki/Call_for_bids

1. BUILDING TECHNOLOGY

a. Conventional or Traditional method
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b. Modern or Industrialized methods

=» Interlocking brick
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Construction Industry Group
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http://www.acstairmaster.com/gallery_images/enlargements/project_2.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1e/Takapuna_Sentinel_Building_Construction.jpg

Construction Industry Group

2. Civil Engineering (Horizontal construction)

= Highways
= Airports
» Railroads

» Bridges
= Canals
®»Dams

= Other major public works gass
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http://www.bleuetierebenoit.qc.ca/pic/1-drainage.jpg
http://rds.yahoo.com/_ylt=A0S0202JwE9LFjYB7FCJzbkF;_ylu=X3oDMTBpdnJhMHUzBHBvcwMxBHNlYwNzcgR2dGlkAw--/SIG=1h064g9eg/EXP=1263604233/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=plus+highway&ei=UTF-8&vm=r&fr=slv8-msgr&fr2=tab-web&w=800&h=600&imgurl=www.nazmanauto.com/wp-content/uploads/2009/09/Plus-Highway.jpg&rurl=http://nazmanauto.com/&size=91k&name=Plus+Highway&p=plus+highway&oid=7f382a633e320e52&fr2=tab-web&no=1&tt=18268&sigr=10mrtbq24&sigi=11utii2m4&sigb=1321buk6p

= Different construction technique, technologies and
equipments
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Types of construction projects

In general, there are three types of construction:

= Building construction
= Heavy/civil construction
Industrial construction

Each type of construction project requires a unique team to plan,
design, construct, and maintain the project.
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Construction people
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Owner

Owner is the people that have exclusive rights and control over property.
Owner can be:-

Government
Private sector

Cooperate sector
Individual
Developer
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http://en.wikipedia.org/wiki/Property

Consultant

» A consultant is a professional who provides
advice In a particular area of expertise.

» A consultant is usually an expert or a
professional in a specific field and has a wide
knowledge of the subject matter.

» A consultant usually works for a consultancy firm
or Is self-employed, and engages with multiple and
changing clients.
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http://en.wikipedia.org/wiki/Professional

Contactor

= Contractor may refer to:

Organization or individual that contracts with another organization or
individual (the owner) for the construction of a building, road or other facility.

Contractor can be:
1. Main contractor

2. Sub contractor
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CONSTRUCTION PROCESS

In general (differs from small to big project):-

»  Recognizing the need for the project
»  Determining the technical and financial feasibility

Preparing detail plans, specifications and cost
estimation

»  Obtaining approval from regulatory agencies such as
zoning regulations, building codes and environmental.
Needs, idea, conceptual design, financial and legal
considerations.

Details design, budgeting and contract document.
Tendering, project offer and construction works
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Stages for construction (Buildings only)

1. Site works and setting out

2. Accommodation, storage
and security

3. Detail building stages
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1. Site works and Setting Out

O Contractors responsibility after
being given possession and site
layout plan and detail drawings
necessary

O Commencing tasks:-
a. Clearing the site
b. Setting out the building
c. Establishing a datum level
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LEVELING

The Iland surveyor will
determine the original ground |
evel for the land and mark a
survey peg for drain, pipes,
cables and main sewerage . =~ N\
treatment plant (MSTP) Land surveyor

determine the
GL
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Clearing the Site

- May involve:-

»  Demolition of existing buildings (by experienced contractor)

»  Grubbing out bushes and tress (by manual or mechanical
means, or by specialist for the large tress)

» Removal of soil to reduce levels
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Topography of the site and
some common material on
Site
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Removal of tree trunks
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Grubbing of trees, shrubs and roots
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Site clearing work carried out
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Excavator heaping up top soil
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Earthwork operation
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a) SITE BOUNDARY

The surveyor must determine the site boundary of the

construction area to avolid trespass to another
construction area.
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Setting Out the Site

1. Establish a base line from which the whole of the building
can be set out.

»  Marked on site clearly so that it can be re-established at any
time

»  Using steel tape (30 meters and not stretchable is more suitable)
»  Marked each corner with a stout peg

» Check on the right angle and correct lengths (advisable using
different method)
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Typical builder square
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Typleal bullder's square
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Setting out and checking methods

14 Construction Technofogy

Setting out line Saning out line:
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Figure 111 Setting out and chocking methids
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Setting Out the Site

2. Set up profile board-after the main building lines

»  Should set up clear of the foundations french positions to locate
the trench, foundations and walls

®» Required atf all french and wall intersections
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Establishing a Datum Level

» All levels in a buillding are taken from @
fixed point called a ‘datum’

» Should establish after the setting out
and related to ordnance benchmark

» AN arrow with a horizontal mark above
the arrow

» The centerline of the horizontal being
the actual level indicated on an
ordnance survey maps
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Sloping Sites

Three methods in reducing levels:-

1. - usual method, the amount of cut will equal the
amount of fill

2. — Advantages of having undisturbed soil over the site, but
having disadvantages of cost of removing the spoil from the site

3. — Not to be recommended, deep foundation would be
needed, the risk of settflement and the amount of fill should be
limited to 600 mm
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Sloping sites
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BUILDING STAGES

rder of construction
Excavation and fimbering
Foundations

Concrete floors
Reinforced concrete frames
0ofs

Brickwork

nternal fixtures and
nsulation

Plumbing and wiring
Painting and decorat

L2 2 L
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Excavation and Timbering

= Before a foundation can be laid, it is necessary to excavate a trench of the required
depth and width (by hand or mechanical excavator)

Timbering — term used to cover temporary supports to the sides of excavations and is
sometimes called planking and strutting

» Type and amount — depend on the depth, nature of subsoil, weather conditions and
duration




Typical example of trench
excavations
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Levelling pegs removed as
foundation is laid
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Trench excavation

Alternative: support
post placed in pipe
fitled with sand or
earth
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FOUNDATIONS

= Foundation is the base on which a building rests and its
purpose Is to safely transfer the load of a building to
suitable subsoil

= Building regulations :-

» Safely sustain and submit to the ground the combined
dead and imposed loads so as not to have any settlement
or other movement in any part of the building or of any
adjoining buildings or works

= Be a such a depth, or be so constructed, as to avoid any
damage by swelling, shrinkage or freezing of the subsoill

= Be capable of resisting attack by deleterious material, such as
sulphates, in the subsoil
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FOUNDATIONS - SUBSTRUCTURE

Plaster

Wall tile

Wood floor Cement-sand
or tiles screed

Skirting

Damp
proof
course

Hardcore Sand Concrete Damp proof
Over ground Blinding membrane
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CONSTRUCTION PLANTS

- Principles and factors of plant selections
- Types, functions and capabllities of moving machines
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CONSTRUCTION PLANT

» THREE PINCIPLE CONSIDERATIONS:-

» Technical efficiency
= Ability

» Requirement

» Correct specification

» fimeframe

» Commercial and financial ability

» Cost
» Availability
» Supplier (location and numbers of supplier)

®» Wwithin the fimeframe
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Factors Selecting Equipment

The function to be carried out
Standard or special types of equipment
Capacity of the equipment

Method of operation

Replacement of parts

Maintenance and repairs
Investment costs

Operating cost
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Types of Construction Equipments

» Used to ground leveling and bulk earthmoving. Divided
Into two :-

» \oving Machines-

» Bulldozers, loaders, scrapers,
graders and trenching machines

» The excavated material Is remove|
transported and deposited

= [For removal of large of earth

o Stationary machines
= Face shovels, backhoes, draglines and grabs

= The excavator loosens the soil and loads without changing
position
= Loss of mobility compared to scrapers and bucket loaders

= More force may be applied CEE 3111 - L. H. Kamisa




Equipment of Earthwork Plant

COMPONENTS OF
WORK

APPLICABLE TYPES OF PLANT

Clearing and grubbing

Bulldozer, rake- dozer

Excavation

Shovels (power shove ,back hoe, dragline, clamshell), tractor —

shovel, bulldozer, ripper, breaker

Loading

Shovels (power shovel, backhoe, dragline, clamshell), tractor-

shovel, bucket wheel excavator

Excavation and loading

Shovels (power shovel, backhoe, dragline, clamshell), tractor-

shovel, bucket wheel excavator

Excavation and hauling

Bulldozer, scrape-dozer ,scraper

Hauling

Bulldozer , dump truck, belt conveyer

Spreading and grading

Bulldozer, motor grader

Compaction Pneumatic-tired roller, tamping roller, vibrating roller, road roller,
vibrating compacter, rammer, tamper, bulldozer
Blastin Drilling (crawler, pneumatic,hydraulic), air compressq
: 9 p ydraulic) PressQelodYyy — 1
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MOVING POSITION MACHINES
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Six wheeled drive graders

Mouldboard lifting
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MOVING MACHINE -
Buckets for loader

Buckets for loader

CEE 3111 = L. H. Kamisa
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STATIONARY POSITION MACHINES
- BACKHOE

» Also known as pull shovel, drag shovel or simply as hoe

» Used for excavating below the level of the tracks, e.g. trenches, basement, foundations and
for other excavation work in confine situation.
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Compaction equipment
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Steel cylinder roller

®» Two types:-
= Non vibrating

= Vibrating rollers
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Steel cylinder roller

= Non vibrating

= Two types:-
» Tandem (two-axle)

» Three wheeled

» Both types are self-propelled

» Able to be ballasted (added weight) by adding water or sand to
the rolls

» Ballast normally required when operating the roller but may be
removed when it is fo be tfransported

» Maximum effective layer compacted is 250mm
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VIBRATING ROLLER

= TWO maQjor types:-
» Vibrating smooth drum rollers
» [ractor drawn
» Self-propelled
®» |mportant factors when considering vibrating rollers:-

» Dynamic force- force exerted by the roller.
Centrifugal force generated by a revolving
eccentric shaft and total dead weight of the roller
frame and drum

®» Frequency of vibration — no. of revolutions per
minute made by the eccentric shaft

» Amplitude of vibration- eccentric shaft rotates, the
drum assembly moves up and down. Amplitude is
the total distance the drum travels vertically.
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Pneumatic tired rollers

» Used on pavements such as sprayed or asphalt mix bitumen
surfacing work

» Suitable when material is cohesive, such as clays, clayey gravels or
loams which is free from rock
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CRANE
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® Cranes are a broad class of

construction equipment used to hoist and move loads
from one location to another.

= Construction cranes are g_enerally classified into two
major types, namely mobile cranes and tower cranes. The
!lftlnP capacity and working range of a crane Is important
In selecting the suitable crane in performing a given task.
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Mobile Cranes
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Crawler Cranes
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All-Terrain Cranes
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Heavy-Lift Cranes

CEE 3111 - L. H. Kamisa
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Tower Cranes

Horizontal-jib or Saddle-jib tower crane
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FORMWORK

“Is a mould or box 1nto
which wet concrete can be
poured and compacted so
that it will flow and finally
set to the inner profile of the
box or mould”.
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FORMWORK

®» Purpose —to contain freshly placed and compacted concrete
until it has gained enough strength to be self-supporting

®» {0 produce a concrete member of the required shape and
size

®» {0 produce the desired finish to the concrete

®» May be describe as a mould or box
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General design of formwork

sufficiently rigid to prevent undue deflection during the
placing of the concrete

Sufficient strength to carry the working load and the weight
or pressure of the wet concrete and to withstand incidental
loading and vibration of the concrete

Set to line and level within the specified tolerance and
include any camber (bend) which may be required
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General design of formwork

. Joints should be sufficiently tight o prevent
loss of mortar from the concrete

. Size of panels or units should permit easy
handling

. design should permit and orderly and
simple method of erection and striking

. Arrangement of panels should be such
that they are not ‘trapped’ during striking
and it should be possible to strike side

from beams without disturbing the soffit
formwork
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» A worker on the project greases the joints
between Boards to ensure they are grout-tight.
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Extension pipe bridges with the formwork ,
CEE 3111 - L. H. Kamisa




Material for formwork

= Main requirements:-
®» Hardness
» Permeability
» Surface texture

» Formwork facing material:-
®» Timber
= Plywood
» Steel
» Concrete
» Glass-reinforced plastic
» Hardboard
» Fxpanded polystyrene
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Formwork linings

®» To obtain smooth patterned or textured for surfaces

®» [nside of form can be lined with various materials such as oil-
tempered hardboard, moulded rubber, moulded PVC and
glass fibre reinforced polyester
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Timber formwork

» Basic standard qualities:-

®» Reasonable price and availability

Should not be so soft

Should be easily worked by hand or machine and nailed easily

Should be sfiff to avoid deflection

Should be stable when exposed to sun or rain
Should reduce defects

Not suitable for green timber

Moisture content not less than 20%
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Advantages of fimber formwork

More economic
Easy to handle and formed into required shape
Maximum re-use

Easy to fix insert
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Disadvantages of timber formwork

Not enough strength as compared to steel formwork to carry
large pressure.

Excessive shrinkage due to temperature changes.
Leakage through joints and apertures.
Easily damage during fixing and dismantling of formwork.

The pattern of grain, knots, bad flaws will leave imprint to the
face of concrete.
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ADVANTAGES OF PLYWOOD
FORMWORK

Large panel

Leakproof

Large level surface

No casting or cupping of surface — smooth surface

Can be nailed to edges without splitting
High resistance to impact loads

Available in several thickness
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Disadvantages of plywood formwork

» Grain pattern on concrete face

» | ess durable

®» More expensive compared to timber
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Metal formwork - STEEL

» Based on manufacturer pattern

» Double uses compare to timber, 1.e. 30 or 40 uses

®» Produce smooth, variable colour concrete surface

ADVANTAGES
e Able to carry large concrete weight and pressure.

e Can be erected, disassembled, moved, and re-erected rapidly
using proper handling equipment available.

e Leakage can be avoided.
e No shrinkage due to temperature changes.

e Easy to fix the joint with bolt and nut.
e Economic If there are enough re-uses.

DISADVANTAGES
e Limited to the shape of the structure.

e Standard steel unit are too heavy and difficult to handle. ~ CEE3111 - L. H. Kamisa




Metal formwork

ALUMINIUM
Selection of type and grade is important
Based on environment

Due to degradation and corrosion when subjected to marine
environments

Need special release agent

CEE 3111 - L. H. Kamisa



PLASTIC

» rigid form — when form is not suitable using timber or steel
(thermo-formed)

» flexible form — for lining material for mould faces
®» Provide high quality surface finish

Disadvantages — impermeable and need special release
agent
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GLASS FIBRE REINFORCED PLASTIC
(GRP)

Strong and light weight

Use to produce a high quality surface finish, eg. Sculpture
profile and repetition

Compirises of polyester resin reinforced with glass fiber
Thickness varies from 5 to 16 mm

Can be used more than 100 times if handle with care

Disadvantages similar with plastic formwork
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Common failures of formwork

Dimensional inaccuracy

Liffing of single faced forms

Inadequate of props

Loss of material —ties or props incorrectly spaced

Surface blemishes
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Types of formwork

®» Foundation
®» Column
» Beam
Slab
» Wall
» Climbing
» Sliding
®» Permanent
» System
» Table
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Figure 2.1 Typical Arrangement of Column Formworlg:EE 3111 - LH. Kamisa




opening for fillet to form

margin
piece

formwork
panels ¢t
boards or
shegt
material

struts ¢s
required

YOKES Of Clamps
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high kicker
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bolted halved column form

dtemnative ~ salid - _ :
packing ot yoke - 1 g?; 75 joint L = polt
posifion —— 4 100 575 152
X B
- ' yoke | hardwood
; ) wedges
- 16 mm dia. ; -

caumn balts o - bolted halved
box of harawood ~ alternative
form wedges secure joint with

: & plywood gussets
picte Rebated column .
washer - spacers

. . . gangnail or similar
Octagonal column connecting plates
'~ to both faces

shape yokes "

Syl v 12 mm
16 mm dia. ! gap
bolts 25 mm thick
shaped
staves

Circular column

Figure 2.2 Shaped column forms CEE 3111 - L. H. Kamisa




7%y 50ties at 600 c/c
—2 __ 75x 25 cleats at600 clc

15 mm thick plywaod sides
fixing Cleat alternative fixing cleat
76 v 50 / — wi. dogs to both side
croshead or 1l
heattree T s wops at 1 200cle

foldmg wedges =
for adjustrent _i‘ 225 % 15 s0le plate

Simple beam or lintel formwork
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- - 15 mm thick plywood
strut e beam side

21 mm thick plywood
soffit

soffit support joists
at 600 c/c

runner or
stringer

crosshead or headtree

150 x 75 props
at 1.200 c/cC on ] W
folding wedges ¥~ brace
and sole plate

Figure 2.3: Typical beam formwork
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edge beam . | 21 mmthick plywood soffit internal beam
15 mm thick _ outtine of slab h
plywood '
beam sides - - - —
21 mm thick
beam soffi N\ | :
\\—I I beam or _|
150x 50 forkhead |gJ—— inner tube
\ \\ r / jOiS'tS ot : b i / 79x 32
C f' L strut
600 cle . pin | /
~— 100 x 75 crosshead k" colar 75x 30 /
;\(/ or headiree - Cleat ;></

150 x 75 / 75x 32 | __ 75x32

oropsat Y brace | atternative to N runner of

1200ck === 4 timber props ~ L stringer

/<~ bracing adjustable steel ' — e
required outer props
M : tube
: ]
folding ‘ —
wedges s 3 150 x 150 base plate
225 x 75 sole plste

Figure 2.4 Typical beam and slab formwork
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softwood walings in
pairs
adjustable
steel props
as raking
struts taken
dowvwin to
S : suitable

vwwedge
clarmp

noggins as
required

framed pha~wood
wwall forms

abument wedge
' clamp alternative vwall
tie-greased steel
= plate tube spacer with
washer through bolt

R .C slab with 75
mirm high kicker

MNEB. reimforcement
omitted for clarity

stud at center tao suite

facing materials facing material

Nnaggings as required
packing at cormer in space
between vwalings

walings
in pairs

framed wwall
forms

packing in
space between
vwalings to
strengthen
abutment

Figure 2.5: Traditional wall framework

CEE 3111 - L. H. Kamisa




bolt and spacers or wire loop
_ spacer If required coil ties .
100 x 50 studs _ __ e wire nut
in pairs fixed o L b T
to framed wall et zﬁtest:] i
c/c — Bt subsequent lifts
forms at 300 gz; cast with 1st lift _ :
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Figure 2.9 (iii): System formwork - walls

CEE 3111 - L. H. Kamisa




CEE 3111 - L. H. Kamisa

e Wi Imglmiif c.n..snww

E _.m.-nilwm.mﬂu g

skydedck slab formwork



http://upload.wikimedia.org/wikipedia/commons/f/fa/Peri_skydeck_slab_formwork.jpg

Duration for f/work removing

location Surface or air
temperature of concrete
16°C 17°C
)/ertical fiwork 12 hrs 18 hrs
Slab soffit (props left under) 4 days 6 days
Removal of props 10 days 15 days
Beam soffit (props left 10 days 15 days
under)
Removal of props 14 days 21 days
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SCAFTFOLDING

A temporary structure from which persons can
gain access to a place of work In order to carry
out building operations, its includes any
working platforms, ladders and guardrails.

Four (4) forms of scaffolding:
1. Putlog scaffolds
2. Independent scaffolds
3. Scaffold Towers & Birdcage Towers
4. Roof Saddle & Stack Scaffolds
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MOBILE TOWER SCAFFOLDS
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MATERIALS FOR SCAFFOLDING

Q{> Tubular steel
t%{> Tubular aliminium alloy

% Timber
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SCAFFOLDING
FITTINGS

Double coupler

Swivel coupler
Putlog coupler
Base plate
Split joint pin
Reveal pin
Putlog end

http://www.scaffoldingmaterial.com/
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SCAFFOLDING FITTINGS

Double Coupler
- the only real loadbearing fitting used in scaffolding
- used to join ledgers to standards
Swivel Coupler
- Composed of two single coupler riveted together so that it Is
possible to rotate them & use them for connecting two scaffold
tubes at any angle.
Putlog Coupler
- use solely for fixing putlogs/transoms to the horizontal ledgers.
Base Plate
- It is used to distribute the load from the foot of a standard on to
a sole plate or firm ground.

Split Joint Pin

-A cgnnecﬂon fitting used to joint scaffold tubes end to
end.

- A centre bolt expands the 2 segments that grip on the
bore of the fubes
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SCAFFOLDING FITTINGS

6. Reveal Pin
- Fits intfo the end of a fube to form an adjustable  strut
/. Putlog End

- A flat plate that fits on the end of a scaffold tube to convert it into
a putlog
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Thank Youlll
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