





JOMO KENYATTA COLLEGE OF AGRICULTURE & TFCHNOLOGY

SYLLABUS
FOR

ARCHITECTURAL TECHNICIANS CERTiFICATE

~ 235 -



'1N1aonucr10w

GENFRAL

1.1

1.2

1.3

1.4

The ‘Jomo kenyatta College of Agriculture and Technology process to
provide a scheme for the awvard of an Architectu1a1 Technlé¢tans cevtifi-
cate to students who have attended a Bgroved courses and passed the

appropllate eXaminatxons of the College or the examining body.-

" The course is- intended to pzepare the student for occupatidn 1n indUS*

The course w111 be provided on a full time basis as’ set out in 1 4

below 1ncludlng two periods of Industrial Tratuing for the purpose

of gaining practical experience either in the college or in suitable
professional or industrial business.

PART 1

PART I | . PART I | |
TERM T 14 WEEKS | TERM 2 14 WEEKS |  TERM 3 14 WEEKS
SEPTEMBER ~ DECEMBER |  JANUARY - APRIL MAY .~ QUNL -
LT PART 1 EXAH
o . PART 11
. N AR L '
INDUSTRIAL TRAINIKG R 1 4 werks | TER 2 14wk
SEPTEMBER - DECHMBER | JANUARY - APRIL _.-'-,uMAY = JUNE
PART 11 TR | ﬂfPART‘III':;_..
TERM 3 1h WEEKS INDUSTRIAL TRAINIRG. | qppyi T 14 WEEKS
SEPTEMBER - DFCEMBES o o S
o DECEMBER | JANUARY - APRIL MAY ~ JUNE.
PART I1 EXAM I B ‘
PAPE LLT PART 1L | PARTIIL
TERM 2 14 WEEKS TERM 3 14 WEEKS _TERM'&'“' 14 WEEKS
MAY - “Juny

SEPTEMBER - DECEMBER

JANUARY - APRIL

PART I[I1 EXAM
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2.1

THE_AIMS_OF THE COURSE

The aim of the course is to provide staff suitable for employmeut in
Architects offices and Departments who should work under profe331onal
Architect should ‘be competenl in .the following matters:

.1..

10.:
11,
12,
13,

14

15.

16. -

17.

18.

19.
20.

21,

22.

23,

'Site investigation.

levelllng and site survey,.

Simple plannlng the appllratiOn of Building Regulations to simple
problems of layout.. :

Site layouts of buildlngs and the lmportant of Town Plann1ng
Town plannlng as a need.

Layout of drainage of srngle bulldlngs and houqlng deyelopments.

_fSanitat1onl refuse dlsposal and hygene.

Natural science; lighting, sound, thermal insulation and their

~application to buildings,

'Preparatioﬁ df'Design Brawings involving Plan, Section Elevation

and pErSpectlve

_Development of horklng Drawings from Design Drawvings.

Requirements pf Building contract and contract law.
InrerprCtation of the Building contract and contract law.

Preparation of Drawings for Sub-contractors and obtaining esti-

mates,
“Preparation FElectrical, P]umblng and service layout draw 1ngs

':Thé.béhaViour of materials in natural circumstances.

The prcparatlon of simple calculations for structural nerbers.
Methods of dratlng identification, filing and referencing.

Preparation of cataloging of information on building components
and methodq

The 1nterpretation'of B.5.5. and C of P,

Site supervision: Preparation of reports, site inspections
rejationships between contract or and €l of
works Dayworks, how to conduct site meeb-
ingg.

Hethods of drawing document reproduction.

Office procedure!? "~ Job management [rom Client's instructions
' to Final Accounts.

Job Management : Instructing specialists.

Structural Engineers
Services Engineers

Understanding their drawings
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24,

Programming

COURSE OF STUDY

3.1

3.2

3.3

The éohrse.will

in 1.4:

{a) PART T
(8) INDUSTRTAL
{ci' PART 1T
(D) - INDUSTRIAL
(£) .PART IS K

be divided

TRAINING

TRAINING

b

"Q.S., quantities'and sppcifications.

“Appreciation of Bar Charts and CPM.

into the following_pérts;as illustrated

3 tepms'up to Pavt I Exanination which will
be conducted within the collcge.

A period of 4 months to be spent obtalnlng

' 1nqutrlal experience.

3 terms up to a Part II Exéminﬁtién to be

~_conducted by the Examinations Couneil, and
'the issue of Part II Certificate to suc-

-

cessful Candldates.

A further period of 4 months to be spent

in industry.:

4 terms up to a Part III anmination lo be
conducted by the Examinatfons Council and
the issue of a certificate to sucaessful
candidates.,

A spec1al aspect of the course wlll be the production of each student
of a Portfolio of his work in Draughtsmanship which will be. particu-

larly related to the production of working drawings and sketch design
drawings of a suitable qtandard

The subjects to be included in the syllabus are:

Building construction and Public Works,

Technical brawing

Mathematics

English and General Studies

Surveying

Building Science

Practical Workshop Experience

Structures

Building Contract and Office Administration

Building Regulations

Specification and Quantities,

- 238 -



3.4

12!
13.

Portfolio and

minimum, with each

Drawing Office Practlce.

Ma{erials of construct1on

The number of hour's of tuition will be baséd on 30 hours per week

totm to be a mlnimum of 1& wveeks.,

ALLOCATION OF TIME

SUBJECT

HOURS PER WEEK

_Building con-
struction and

PART III

‘Public Works' 6 '6 6 4 &4 4 6 6 6 6
technical = | , T
Dr_a?\?ing : b b . 4 4 4 4 - - — - 336
Mathematics 2 2 2 4 4 & 4 4 4 & 476
English & ,
CGeneral Studies 2.z 72 - - - = - 84
Surveying 4 4 4 & 4 4 - - - - 1336
- e ]
Building 4 4 4 2 2 2 2 2 2 2 364
Science
el ]
Practical Work- |, 4 4 4 4 & - . - - 33
shop Experience
Structures - - - 2 2 2 2 2 2 2 196
Building con-
“tract and office - - - - - - & 4 4 4 224
dministration :
'Bu1lding Regula- L2 29 12
_tions
Specificati?n _ L I S S S ; 294
and quantities
Portfolie and .
Drawing Office - -~ -~ 2 2 2 4 4 4 h 294
Practice
Méterials of
Construct Con- 4 b 4 4 4 4 2 2 2 2 448
_struction 4 ]
30 30 30 30 30 30 36 30 30 30 4200_J
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4.1

ENTRY TO COURSE

Students entering the course will be expected to have'the”folldﬁing"

qualiflcations.

Credit passes in the East
Examinations ln.

(i) Fﬁglish
(i) l—lathematics

Afrlcan Ex aminations Couucil '0' Level

and one of the follow1ng

(i) Chenlqtry and Physics

or (ii) Phy31cal ‘Science

ori(iii) Sc1ence for Techn1La1 Students.

Alternatively a student nust have a-suvitable Equzvalent Standard of
education and must satisfy the college that he is capable of follow-
ing the course without difficulty.

EXAMINATIONS

5.1

5.2

Examinations will be held

1

At the end of Part I

At the end of Part II

At the end of Part TII

as follows:i-

Examination bj College

Examination by Fast African Examlnatlons
Council

Examination by East African Examinations
Council

Subjects to be examined at each phase.

Part 1 : Bxamination Duration in Hrs.
B Buil&iﬁg éonstructionm;nd Service 3
Technical Dfawing 3
Mathematics 3
Surveying 3
Materials of Construction KR
Building Science : -3
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5.3

5.4

Ex aminétion

Part 1T

Part III

Building Construction and Serv1ces

Hathemat1cs

Materialq of Constructlon
Surveying

Building Science
Strugturés

?ractibdl Workshop

Buiiding Construétion,qublic
Works and Services Paper I

nBu11ding Constructlon, Public
WQrks and SBFVICLS Paper 11

Building Contract and Admln;stra—
tion

- Mathematics

Materials of construction

Bnilding Science

Specification, Quantities and
Building Regulations

Duration in Hrs.

.

3

A student will be permltted to sit the examinations at the vavious
Phases sub]ect to the following conditions being complied with,

Part 1

:Parf iI

Part 111

having

- at’ the discretion of the College.
- hnving achieved 75% attendance in Part I and I1 having
having successfully passed Part I
having achieved a successful standard in protfolio work
- haviﬁg achieved 75% attendance in Part T17Y
having successfully passed Part Il examination

achieved a successful standard in Portfolio work

Portfollo Work forms part of the examination at Part 11 and Part ITI

as follows:
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5.5

5.7

r

(a) The student must achieve a sétisfac;org standard which
will be set and assessed by the College,

(b) The mark for Portfolio work will be on the basis of:

_30%.at Part.ll
- 70% at Part III

Total Mark 100%

Resisittiug all .or part of the examinations will be on the folldwing

basis:

Paxt I (a) A candidate wmay sit not more than two papers at a
' special examivation set by the College. - '

(b} A ecandidate may repeat the whole course and'resit the
- . examination once only as a full-time student,

{c} Resit not'more than -two papers at the next ordinary .
examination without atténding the course full-time.

Part 1T (a) A candidate'may'rbSiﬁ not more than one paper aibﬁe
at the next ordinary examination on one occasion only.

(b) A caundidate may resit the whole examination if he fails
in more than one paper on the next normal examination
on one occasion only, whether attending the course as
a full«time student or not. The Portfolio mark may be
taken forward to this one examination resit only.

Part II1 (a) A candidate may resit not more than one paper alone at
the next ordirary examination on one occasion only.

(b) A caundidate may resit the whole examination if he fails
in more than one paper on the next normal examination
on one occasion only, whether attending the course as
a full-time student or not. The Portfelio mark may be
taken forward to this one examination resit only.

The examinations will be set and answered in English, but examiners
will not be required to assess the standard of English used by candi-
dates. Students will be required to attend classes in English and
General Studies during Phases I and the Collepe will be required to
assess the students performance in these subjects,

Recovds of marks awarded for classwork, laboratory work, practical
work amd portfolio work shall be kept by the College on the appropri-
ate forms. All portfolio work shall be retained by the College in its
original form and be available for auny subsequent future reference.
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BUTLDING CONSTRUGTION

The_fdﬁctiou,of the Architectural Technician is to be able to produce working
drawings of all types of buildings from simple single-storey load-bearing
structures to large buildings of ‘multi-storey construction under qualified
supervision.  The principles of construction must be thoroughly understood
and the course can be couwveniently divided ‘into the 3 parcs.

part It . Simple single stdrcy framed and load-bearing structures.
part 11: Larger more complex buiidings up to 4 storeys with basements,

part 11T1: Multi-storey Structutés with more éomplex foundation and basement
T .~ construction.

Each part should deal with much the same aspects of construction as any other
but with a gradual introduction of more detailed solutions as the problems
are made more complicated by the wider use of technology. When eventually
the student joins a professional cffice he will continue to learn as he meets
with practical problems, Project work should be introduced in Part II and
Part 111, ‘the student being given drawings of buildings from which suitable
details of the various parts of theconstruction can be developed. Alterna-
tively research projects can be given requiring investigation into the gener-
al aspects of censtructional elements,

Particularly related to Building Construction are the following topics, and
the relationship should be emphasised:

. Science of Materials

. Environmental Seience _

. Applied Materials and Concrete Technology

I
2
3
4. Services
5. Simple Structural Theory
6

. Technical Drawing

All construction must be referred back at all times to the Building Code

of Regulations, and where applicable to British Standard Specifications and
Codes of Practice. All students must have a copy of the Building Code and
be required constantly to interpret these,

Site visits to works in progress should be frequently made to amplify
aspects of the theoretic studies. '
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BUILDING GONSTRUGTION PART

THE STRUCTURF

An cxpldnatlon of the structural parts of simple load bearing Constructlon*

The Foundatlon | _

The load-bearing wall

The Suspended floor _

The floor laid on the gtound

The Roof’
The difference bet‘cen the load bealing consttuctlon in single-storey
buildings in respect tol

 The foundations

The wall and frame

The roof and rooftruss

THE YUNCTTON

The purpose of construction in relation to weather and environment.

THE REGULATIONS

The way buildings are controlled in respect to their planning and ¢onstruc-
tion by official regulations. . :

FOUNDATIONS

Definition, purpose and form of simple foundations.

Building Code requirements and soil bearing.

Setting out and excavation of strip foundation and column basésﬁ
Excavation and timbering to simple tvenches in various sbiis.

Steppéd foundations. Simple raft foundation.

WALLS : GENERAL : BELOW GROUND

‘Bricks and blocks in the construction of walls.
Relative sizes and materials,

The bonding of bricks and blocks, the formation of angles, plers, openings.
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Load—bééring and non-load béariﬁg constructidh with reference teo the Build-
ing Code _ - SRR N

Stone in walling: Single thickness load—bééring and in composite construc—
tion with block or brick, SRR : : :

Héterials in the construction of walls below ground;.and the transfer of
loads to foundation. The strength ‘and thickness of walls,

¢Q§§TRUCTIQ§M§DJACENT'tp“THE GROUN
The removal of vegetable soil and black cotton soil.

The relationship of walls and floors at ground level with respect to damp
proofing, termite protection and other insects.

}mferialshuséd.for d.p.m. and d.p.c. and the requirements of the Building
Code. . ' ' .

Solid éoncfete floor construction and hardcore beds. Backfilling.

Suspended Timber gidund,fldqr construction; the problems of adequate ventila-
tion, inseet infestation and damp.

Provision fof intrdducing services (water, clectricity) into building.

Steel golumﬁs; typical details of connection to base.

NALLS ABOVE GROUND

The appearance'df;different walling materials externally and the methods of
bonding and poiiting,

The coﬁstructibn of openings and forming reveals.

Lintols and_arches.

Fireplace construétion at gfound floor and fires,

The effect of.bearing floors and roof on walls.

Partition walls in masonry at grouend and first'flodrs.

Lengths of wall and provision of buttressing as building Code.
Gable and walls,

Steel columnst various methods of infill and cladding in masonry and cladding.
materials.

SUSPENDED FLOORS AT FIRST FLOOR LEVEL
Timber suspended floors: loadings, spacing and spans of joists, strutting,

and bearing and fixing, flooring in t and g, chipboard, plywced, etc and
provision of ceflings.
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In- 81tu IEIHfOlCEd concrete floors, solid or hollow constxuction.
Formation of openings and layout of simple 1einf01coment.
.Simple spans or. continuous over support such as a beam or wall

Simple formwork to in-situ v.c. Eloor.

ROOFS

Timber roof constructlon, the prinLiples of puxliu roofs and simplc roof
trusses or trussed rafters.  The use of sheet and tile finishes and the
effect on choice of timber roof - construct Lon.

Methods of conétructing'fimﬁef roof trusses, sizing of purlins and common
rafters., Gable ends and hlpped ends compared.

Steel roof constrﬂction detalling of qimple roof truss, purlin layout and
connection to coiumn .

Roof tiling and sheeting detalls, eaves guttering and weatherlng at abuttwent&
Bat-proofing and thermal 1nsulat1on.

fimber flat roof construction, sizes of Joists and spa01ng and pIOV1sion of

falls for built-up felt roofing. Details at eaves and abuttments), penetra—
tion through flat roofs.

In-situ conerete flat roof construction; the provision of falls and insula-
tion, Finishing with built-up felt and asphalt waterproofing.

STAILIRS

Principles and rules governing'stair construction and design,

The construction of a straight flight of stairs for domestic use in timber
and reinforced concrete,

Simple handrail and balustrades.

Simple formwork to insitu r.ec, stairs.

DOORS

Timber doors for internal and external use including framés and linfings.
Solid flush doors, ledged and braced doors, simple glazed doors.

Fixing of frames, linings and archifravés in plaster walls.

Details of head, jamb and cills to exterral doors.
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HINDONS
The regulations goVerning light'aud ventilation in buildings.

Typical detailing of simple tiﬁﬁet

and steel casement and fixing in openings,
various cill detailing, : . :

Clear and obscure glazing and fixing by putty or bead.

FINISHES

Simple floor finishes; screeds, granolithic flooring, wood block and p.v.c.
tile flooring, methods of laying.

?1astérinth0 intéfnal walls and ceilings.

Painting of metal and wood and plaster using oil and emulsion paints,

SERV ICES_

The arrangement of water supply and plumbing to typical saﬁitary Fitvings
in domestic buildings; simple hot water supply. Basic principles of waste
and soil drainage. Building Code requirements.

Simple dféiﬁage and connecting to main sewer.

Basic electrical installations. Definitions of terms used.

Electrical generation and distribution briefly de-cribed.
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BULLDING CONSTRUCTION PART 1T

THE STRUCTURE |
The prinéipie of the frame as appligd to buiiding of three to four stOreys
high. SR ' : o '

The loaﬂebéaring eross-wall method of construction, .

The idea of this lightweight wall infill orx panel.

FOUNDAT TONS

Investigatiqﬁ.éf Sqilé! Bééring capacity.and shear.

Trial holés éna Eofings.-.

Foundatioﬁ size in felatioﬁsﬁip to_lé#diﬁg and béapinﬁ'capaéity.'.

Reinforced concvete foundations ~ bases ro r.c. frames, continuous bases,
rafts. ' : T ' o - . : : '

R. c. foundations as part of basement construction: r.c. rafts and retaining
walls. S o L R .

Excavation of bases, rafts and basements in varidué'typesiof‘gibﬁhd: support
of adjoining buildings during excavation: underpimning. ' :

Timbering to excavations and shoring to adjofuing buildings,

Probiéms_of water in basement excavatfon! site dewateriﬁgjan& dampproofing
of basement: wate¥ pressure and water table., Water removal during building
operations.

Typical mechanical plant used in excavations.

Pile foundatious using precast aﬁd in-situ methods of forming driven and
bored, end-bearing and friction piles,

VALL

Load~bearing cross-wall construction: limitations and uses.

In-situ r.c. wall construction and formwork.

Panel walls as infill to r.c, and steel frames using simple masonry construc-
tion, _ o
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FRANES

Reinforced concrete framed construction: economical layout for small Low-
rise_structurcs using in-situ methods: frame and slab continuity and stabili-
Y. o :

steel coustruction for similar framed buiidings}

- Steel portal frames and trgsSes for wider sﬁan single-storey buildings; the
wse of casteéerllated beams and lattice joists in light-weight construction.

Precast concrete portal frames_iﬁ reinforced and prestiressed éoncrete.
Typical spacing and spans. o -

CLADDING

Claddings_to'single—storey’ihdustrial.buiidings to roofs and walls:-shcét

materials, deckinpgs, iunsulated construction: the provision of glazing in
external walls aud roofs. :

e ————

Therconstfuptionrof single, double and triple floors in larger buildings
using combinations of steel and concrete,

In-situ reinforced concrete T-beam, waffle and fFlat~-plate floors principles,

Precast concrete floors using various established methods.

FORMHORK

Férﬁwqu methods in the cdnstruction of floors, beams, upstands and walls.
Principles of construction, placing of reinforcement, striking, materials

and safety precautions. :

ROOKS

Revisioh of built-up roofing and asphalt,

The use of cofrugnted materials: galvanised iron, asbestos-cement, alumiﬁium.
Vér10us'f6rms of 1ight—weigﬁt decking.

Roof ligﬁts, domes, 1antern.lights,.dormer windows, patent glazing.

Triming for openings, upstands, weathering at penetrations.

Further detafiling of abuttments, gutters, rainwater pipes, parapets and
overhangs. ' :
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STAIRS:

Reviqlon of principles of staircase design. investigation of Building Code
and Sixth Schedule.

Stair-case arrangewenrb, npen—acll, dog leg, geometrlcal

In situ reinforced concrete constructiong methods of support: relationship
to r.e. frame and floors.

Purther balustrade and handrall details, flnishes ta treads and rise1s. in-
cluding non-slip. :

DOORS

Half-hour and one-hour flxe re31st1ng door aud flame construction. Eire re-
sisting glaz1ng. self- c1031ng apparatus and ironWOngcry '

Larger haYGWOod framed and glazed eutrange doors and sidellghts, suitabln
ironmongery. '

Top-hung and bottom-rolling straight sliding doors and parfitioﬁs.=

WINDOWS

Detailing of pivotting and sliding windows in timber and aluminium various
cill details. '

Various types of glazing sizes and thicknesses,

PARTITIONS AND CEILINGS
Lightwedight péftitious in timber and metal.

The principles of demountable partitions: fire-resistance and sound insula-
tion,

The principles of suspended ceilingé uslug timber and metal suspeﬁSion,
plaster on expanded metal or tiles in T-angle suspension.
FINISHES

Various types of plaster and renderings appiied to varfous types of backings;
suction and adhesion, '

The use af metal lathing._

Wall boards as finishes: tirber, soft board.
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Watl tiling and wall mosaics. .
Flour_finishes: tarrazzo, claytiles, mosaics.

Further studies of painting finishes, cement paints, acrylics, enamels,
chlorinated rubber, bitumen.

Plastics and synthetics as adhesives and séa]ants.

SERVICES

Larger water storage problems. Water tanks: the weight to be supported by
structure,

Problems'of'distribﬁtion iﬁ‘multi—occupations.

Layout of:sahitary installations of ccononic water supply and internal drain-
2

Thé'fuﬁctiqn‘of'autbmatic flushing cisterns: urinal installations in public
buildings. Layout of public lavatories.

Simple mechanical ventilation to internal w.c. 's.
Various methods of previding instantaneous hot water.

Electrical installations: single and 3-phase: circuit layouts.

EXTERNAL WORKS

The construction of tarmacadom and concrete drives, paths, estate roads and
parking areas.

Surface water drainage.

Gates and fence wall in metal and masonty.

BUILT-IR FURNITURE AND FITTINGS
The désign and detailing of kitchen units, wardrobes aﬁd'cupboards; timber

framing, blockboard, plywood, chipboard, painted and plastics finishes,
Ironmongery.,
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BUILDING CONSTRUCTION PART 1LL

THE STRUCTURF

Multi- stozey frawed construction using qusgended cantilevered and propped
cantiliver constluctions. :

Wwide span franed construction for sLngle storey bnildings using shell concreie,
conplex steclgilder construgtlon and space frames.

The pllﬂClplES of stabillty in multl stolcy and 31ngle storey framed struc-
tures, .

Control of various forms of movement: thermal, wind forces, scttlement.

thIROVﬂFNTAL PACTORQ

The orientation of bulldlngs in troplcal locations o reduce glare and heat-
gain. : : .. _

Projections, overhangs and sun-breakers.

FOUNDAT10NS

Further investigations of shear and pressure due to large bnildings'on soils
of various types.

Diaphragn walls and retaining walls to deep basements,
The effect of reducing the over-burden on foundation design.

The design of foundations adjacent to other high buildings: trapezbidal and
cantilever foundations,

Further work on piling: clusters, pile caps, ground heams.
Sub-soil drainage to reduce or divert water in foundations.,
Designing for subsidence and earth movement.

Control of stresses in foundations: hinged construction,

WALLS

Ctadding of multi-storey framed structures: various precast and in-situ

panels, storey grames, methods of fixing to framevork, methods of casting,
methods of hoising.

Insulated composite preformed panels in metal and concrete for cladding
industrial buildings,
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FRAMRS

continued iuvcstigation of all forms of r.c. ftamed construction in multi-
spl‘e)' building )

Nide gpan single—storey'portal frames in laminated timber. Hinged frémes.
Space frames and grid structures..

varren givders in wide-span construction

ENVIRONMENTAL _CONSTRUCTION

petailing of walls, rvoofs and partitions to provide thermal and sound insula-
tion in various cond1tions and extrenes.

pecial prov151ons Eor ventilation and air--onditioning in all types of

buildings from natural ventilation in the siting of domestic buildiugs to
air- conditloning and refrigeration.

SYSTEM BUILDING AND PREFABRICATION

the i#ﬁeétigatioﬁ of all forms of buildings prefabrication from simple single
components to complete buildings.

PGRHIORR

The use of form-work systems: climbing and moving wall forms, table forms.

STAIRS

Compoqlte construction using in-situ and precast un1ts, concrete, timber and
steel, cantilevered tyreads, complete precast stair flights.

SERVICES IN MULTI-STOREY BUILDINGS

The proVision of space for lnstallatiomns.

Mcthods of ducting and concealing services within ce1ling5

Liaison between architect and services engineers in Heatlng Air Condition-
ing and Lift installations.

Lighting conductors.
Electrical installations: regulations: preparation of drawings.

Fire fighting equipment,
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WA!NTFNANCL AND R}PAIR QF BI BUILDIRGS

Walutenaucc, repa1r and alteration of ekiqting pf0perty."Ptecautions when
altering existing construction. . Temporary support, needling and shoring.
Various methods of underpinning load-bearing and frame structures. ' Schedules

of Lepair and maintenance.

PUBLIC "ORkS

Rsta;e layout for dﬁméstic hoﬁsing and similar group development .
Liaison with Public Utilities'fo'determiue feasibility of developments.
Estate roads, Iightiﬁé, refuse collebtion.f

location of services above and below ground.

MATHEMATICS _

The aim of this syllabus is to provide 1nstruct1ou in the use of mathematlLal
methods and principles which will make the student. ¢apable of dealing with
allied problems in all other subjects. The mathematics should be totally
relevant at all stages and typical. constructional problems should be used to
demonstrate theory.

Where necessary the mathematics requ:red in other subjects should be taught
in advance. The subjects related to the mathematics subject are Geometry,
Science, Material and Environmental Science, Services, Structures, Concrete
Technolagy, Surveying, Administration. S.1. units are to be used.
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MATHEMATICS PART. 1

Arithmetic: Revision of length area and volume calculations
- with particular emphasis on neat presentation
~and the necessity to show all the working fo¥
subsequent checking.
Ratio and Propqrationt' : Percentages and simple interest,

Fythagoras Theorem: . S _.?crimeters and arcas of repular and irregu-
. : S : lar shapes. :

Volumes and surface areas of reguilar figures, prisms and cylinders.

Measurement bf angles! the compass: length of arc: area of scctor and seg-
pent of cirele.

The use of logarithms and slide rules,

Algebra: Albebraic expressions and processes: use of
‘ : braketls.

Simple formulate! Transposition and substitution.

Solutions of equations: Graphical representation of functions and
: equations.

Law of indices: Graphs: linear function.

Determination of straight line law from experimental data.

Simple use of logarithms in evaluation of numbers with negative aﬁd frac-
tional indices.

EEiﬁgﬂgmﬁiiii _ Sine, cosine and tangent and'grapﬁs of same.
Appliéatién to solution of right angled triangles.

Relations between trignométrical ratios, |

Determination by calculation of areas of tviangles.
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MATHEMATICS PART 11

#orces:. Definition of forces. types of force met with
T ' " in structural calculations.

Inits for measuring gravitational forces.
COHpiénaf systems of forces: non-current and non-concerrent. .

'Graphlcal representatlon of a force: resultant of any nurber of concurrent
forces.

Calculatioh_ﬁeth6§$ of forcés;_

Résélution 6foorée$ using rectangular components.
Hﬁfizon;al é&é”ver%icql éompongngs.

Concurrent quée sygteﬁs iéduced to rectéqular_components.
Resultant of.cdncﬁftéht $§stém of fé?cés.:  | |
Graphicai Laws of Equilibriumﬁ_Bowi${NOFatipns. }

Triangle of forces: éﬁberimehtél vefificationQ

Three forces in eguilibrium: reléfing theorém.

Polygon of forces.

Levers: Principles of levers: experimental verification caleulation of beam
support reactions,

Theory of woments of resultant forces.
Couples: Like and uﬁliké'parallel force Systems.

Definition of couples: Propertles and moments of a couple._conditiou or
equilibrium for concurrent and non- concurrent forces._ R

Centre of Gravity: Definition: calculations of centre of gravity
involving two or more equal or unequal
bodies. e e e

Centroids of composite bodies and plane axial figures,

Moment of Intertia and Radius of Gyration.
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HATHEHATICS'PAgTEI{['

élooiﬁs.r Differenctiatlon of standard algéofaic functions from first
principles, and algebraic, trlgﬂoﬂetric.fGXPonential and logorithmic func-
tions. S ' :

D1fferentiation of inverse trlgnometric and 1nplic1t functlons.-
Application of differentiation to rate of change. Veloc1ty,'acce1eratlon.:

Haxlmd and minima, approximate SOlUthﬂ of equat1on, radlus of curvature

at a point. Integration as a reverse of differentiatlon Standard forms

of integration._ Integration by resolving into partial fractions, Tntegra-
gion by parts, Appiication of integration to simple area and volume, length
of alc, centroid of area, centroid of solids and moment of inertia.

Differential equat1ons of the first order and degree. Linear - dlfferentlal
equations of the second order with constant coefficients. General solution
and particular solution.

CompIék numhers. PrOperties and. manlpulatlon of complex nuabers.  The
Avgand .diagrams. Euler's equatlon and its application. Cube root of unity.
Appllcation of “complex numbers.

Introductiou of matrices of seécond and third order. Determinants. Applica-
tion of. matrlces in solving 91mu1taneous equations with two and three un-
knowns.

introduction to elémontary probability and statistics.

Normal frequency distribution and calculation of means and standard deviations.

STRUGTURES

The aim of the syllabus is to prov1de a basic understanding of the structural
problems frequently met with in Architectural design and construction, so
that the stidents will be able to appreciate the structural limitations of
Architecture.

Complicated calculatlons are to be avoided, but elementary designs should be
attempted as part of _the course work.

Theory‘aﬂd prﬂéﬁice‘should be adequately supported by experimental verifica-
tion work in the laboratory.

Refereiice should be made continually to vrelevant copies of Practice and
Puilding Regulations.
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STRUGIURES PORT T

Mechanics:

Introduction for forces: balanced and unbalanced forces, Experiments to
demdnstrate equilibrium: action and reaction.

Concurrent and coplanar forces: non-concurrent éoplahafiforces,.

Parallel forces: monients, torque and couples, application to sttuctural
members. experlmental examples. . :

Reactions of the SUpports_of a loaded beam:'experimental proofs.

'Undetstapﬁiﬁg of Newtons lst, 2ud and 3rd Laws.

Basic Strﬁctures:

F¥orce dlagrams for roof trusses and glxders. force and stress in the styuc-
tural members. regulation and composition of forces.

Simple calculations and design methods fqr frames‘
Progerties of Sectlons

Moment of Inertia, sectlon modulus, Neutral axis and plane Symmetry,
centr01ds, Radius of Gyration. '

.Parallel axis theorem.
Stress and Strain:
Definition of Stress and strain, elasticity and yield point.

Proof stress, modulus of Flastlcity, Tlgldlty and bulk Hookes Law. Types
of failure of materials; working and vltimate stress' factor of safety.

Bending Moment and Shear Force:

Simple definitions of bending moments and shear force. Craphical and analytl—
cal determinations for cantilevers and simple supported beamss uniform and
point leoads: bending moment diagrams by link,Polygon methods. .

Desigqﬂpf Beams and Slabs:
Theory of simple bending slope and deflection iélatioﬁsﬁib‘bLfﬁééﬁxloéd'

shear, bending moments, slope and deflection distribution of shear stress.
Reinforcement: arecas and distribution, '
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pggjgnﬁof Foundations:

Bearing pressures and foundations areas! eccentric loading: continuous,
trapezoidal and cantilever foundations: stress distribution,

pesign Of Columns:
Axial lbﬁds on short ¢olumns: slendérncss ratio and workiﬁg streéseS.

Stability of retainzng wallq. lbad;beéfing walls and the Building Code:
CP III. ‘

Design of Roof Trusses:

Force diagrams for-roof trusses: force and stress in numbers. regulation and
compOsitlon of forces: s1mp1e calculatlon and design methods for frames.

Pesign on SLructuraI Steel

Calculation 6f€rivets ahd bolts use of steel tables: selection of members.

Tlﬁber.

Strgss'gfading: design of timber members in flat roofs and floors: timber
conhectors;

Pressure! blementary treatment of wind, water and earth pressurcq on struc-
tUYESf

BUILDILG CONTRACT AND OPFICL ADMINISTRATION

Thls syllabus is intended to introduce the student to the role of the
architect in organising ‘the production of drawings and administration of
building contracts from the receipt of clients instructions to the settlement
of . the final accéount.

The Building Contract as Lhe gu1d1ng principles of the running of Building
vorks should be fully understood.

Visits to Architect's offices where possible and to sites to observe practi-
cal administration are most important

The people 1nVolved in a build1ng from the first need to drawing state,
from tender to completion.

The Architect: i his role and responsibility.
The Client! : individual or group. _
The éQntraéfor: _ the intentions and regponsibilities.
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The Qnantity Surveyor: The Structural Engincer
The Local Anthority.

The various types of Building Contracts and Articles of Agreement e.g. with
and without Quantities, . i _

The various ways that tenders can be presented and financial control of
work be agreed, such as Luwp Sum, Cost Plus, Package Deal, etc..

Preparatlon of Sketch Designs from Clients instruction. Questions-to ask .
Client.. : : - .

Preparation of WUrklng D:awings. need to comply with Building Code. use of
Regulations and Codes of Practice. Submission of drawings to Local Authority

for approval. proformas used,
Llaison w1th spec1allst Bngineers and Quantity Surveyor. Cost Control;

‘the Draulngs and Specxfications or Bllls of Quant1ty required for Tendering
Obtaining tenders. Forms of ‘Tender and other Documents..

Deallng with Tenders. Pteparlng programmes ;

Plac1ng Ordeis - pieparatlon of Burldlug Contract tor signatures
The Buildiung Contract; the clauses in detall.

Site Administration and.eite visits{

Site instructions: Archltect and Clerk of Works, Varlations, Valuations,
Certificates, dayworks.

The role of the Clerk of the horks. control of standards: testing materlals.
--The conduct1ng of Site neetings; - Preparatlon of minutes and site reports.

Various methods of presenting programmes: Bar charts, Cr1tica1 Path Method
Hlstograms, Grapbs, Precedence D1agrams, Flow Charts. e : :

The respon51b11ity of the Architect for thL design and coﬂstructxon of the
whole building: schedules of Defects and Latent defects. the importance of
the Final Certificate: Arbitation. = - RIS R :
Architeets office procedure: the’ personnel required‘ office layout. e
Drawing numbering systems and filing

Office filing systems: filing of correspondence and‘technicnl-meterial.

Business machines and methods;

The preparation of Final Accounts.
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Cost analysis and recording and use
" computerised systems.

Buildefé'ﬁcéounting methods: the double entry sysﬁem;

SPECIFICATION OF QUANTlTIES:

As a basic for study it is recommended that the student is prov1ded with
typlcal specificatlon documents and Bills of Ouantity and a set of related
drawings. _

Later ‘the student should he requ1red to produce his own spec1f1cations from
drawiags. . ,

'Uuantities will be sludled from the poxnt of view of the Architect who needs
‘to be able to understand only the methods of 1nterpret1ng the Bill contents.
'SPECIFICATioN:

Iutroduction to Lhe Spec1flcat10n as a document prov1d1ng full information on
all aspccts of Buildlng Work.

The parts of Spe01f1cat10n. The conditions the preambles and the specificatin
of the work. .

Specifications Eo;'éub—contrécts and specialist work.
E*amﬁlés ﬁf ccnditions to typical Building Contracts.
Exah;iés af.Preémbléé to the various trades.

Exﬁm#iés uf.épgcification items.

Methddé 6! constrhcfing préambles and specification clauses.
The uée of Sbhedﬁles;

Relationshlp to horking Drawings: Specification as used as descriptions of
Drawings.

Typical WOrkiﬂcadings as- taken from Standard Method of Measurement.

QUANTITIES
Introduétibn t0=;he Bill of Ouaniities and the Standard 'lethod of + Rasurement.

The function of the Quantiiy Surveyor and his relationship to the Architect
and the client. '

The units used: metres run, square, cube and number.
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Hou the quantltles are takcn off the drawings examples of measurement of
horks in the varicus ways of jncluding thelr work in the Bills of Quantity

Prime cost and provis1ona1 SUMS.
Analysis of items occuring in theBill of 0uant1t{es.

The methods employed by quantlty surveyore in producing the Bills} taking
off billing, abstracting, cut and shuffles, ctc.

Measured ratest how they are established revised and stored.
Cost control from Bills of Ouantity

Preliminary estimates of cost: approximate methads based on unit area, volume,

ete.
Omissions and additions: Variatlons: pay works.

Pricing Variations: spot items.

PRACTICAL | ;om'{srzop EXPERIERCE

Masonry, Plumbing aund Carpentry and Joinery are. dealt with as. Eully practical
subjects with the student handling tools and materials as much as: possible

The syllabus will be related to the theoretic aspects. covered in the Conh
struction syllabus and typical work drawings and services drawiﬂgs sh0u1d be
available for divect reference.

HASONRY

Introduction te the types of materials used in walling, pricks, concrete
blocks, stone. '

bry bonding in various bonds suitable to material aﬁd uee:

Special problems at intermal aund external angles and stopped eudst
Junctions between various materlals' -lock bondlng and other methods
Tools used in masonry work: theiyr use and maintenance.

Laying walling materiais using mortar: placing materiale near the.work.
Preparation of mortar by hand and machine,

Setting out for excavation, setting up profiles, transferring the. datum
leve .
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Setting out walls on a concrete'foundatioﬁ:_bonding straight lengths of
wallt bonding at angles, junctions and openings.

Layiﬁégdambproof mémbranes.

Fixiﬁg'of ﬁoor and wiudow'framcs‘and linings.

formwofk for in-situ lintols: placiﬁg feinfofccment.
cqstihg éoncteté:{striking.times.

Precasing lintols and [i#iﬁg té'oﬁenings.

ponding and fixing ;jmbéf roofs and Qall plates to masontry.
Jointing and ﬁointiné.to'qéw énd old work.

w&lliplasterihg. | |

Floér écréé&s; |

Scaffolding and working platforms.

PLUMBIKG

Pipework: the various materials typically used in plumbing pipes in build-
ings: copper, galvanised iron, plastics, mild steel, castiron.

The use.and limitations of the various materials: costs.

Joiﬁting methods for ﬁarious pipes, including jointing to earthware.

Cutting pipes and making threads.

Typical traps for use.with waste systems.

Sanifary fittings; fitting of traps and wastes and taps.

Functipn of syphions and ball valves.

Use of tools for cutting, ﬁelding, salderiﬂg,.braéing, drilling and.tapping.

External plumbing; the various materials used in flashings and weathering,
lead, zinc, aluminiuvom bitumitous felt, plastics.

The cutting and dressing of the various materials.

Rainwater gutters and downpipes.
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CARP}NTRY AND - JO!NFRY

InLloductlon to the tools and equ1pment 1qc1uding care and maintcnance, tool
sharpening and safe practice.

Softwood and hardnood the use and selection,
J01nt1ng, haIV1ng. mortice and tenon, devetail tusk ténon.
lIse of douels, HallS, screws, dogs and adhESIVCS in joiuing timbev.

Qpec141 materials: chlpboard plywood hardboard, block board: typical use
in joinery: methods of joinlng and fixking.

Ca1c3531ng.t1mber. roof trUbS const1u§t10n uslng timber connectols.
Trimmingopenings? strutting: Sp!ic;ng:—blrdsmouth.
Fornwork and mouldﬁ; thé'ﬁse ;f wadées..”

Fixing architraves, ékirtings aﬁd ﬁotldings.

Hanging doors and windows: fixing ironmﬁngéry.

Preparation of wocdwork for painting and polishing.

Fixing of sheet plastics. |

Use of power tools,

Introduection to funciion of various waﬁdworking machines.
workshop.procedure: full size setting.out ffom Archifects.
Korking drawings: preparation of cutting Iisté.

Problems of installation on site.

ENGLISH AND GENERAL STUBIES

‘The first part of the syllabus should concentrate on the use of Engiish
developing towards the idea of tcchnical language. This will cenable the
student to apply this in all the other subject : :

The second part the backgzround to building and the historic and social
implications.

ENGLISH: The use of language to enable communications to be made simple!

logical thinking: accurate speech, meaning and writing, report writing,
simple logical statemenis compared with narrative writing.
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E{fectivefépeech and qffective writing using the least number of cafefully
chosen words! the layout of sentences in specification writing.

presenting ideas in logical sequence: practice in analysiug situations and
reporting effectively on them, :

Review of common pitfalls ia Euglish composition, sentence construction and
word order. P . _ R _ S

Practice in writing brief descriptions; letters and reports in a prescribed
pumber of words: technical terms and expressions used in the construction
industry. C :

preparation of reports on suitable subjects such as:
Local building history and customs;
'Egpndmics of-maéhinery.versus manual labour;
Local trades union growth; '
"Time and motion Sfudies;
Working techniques in the construction industry;
Town planning and rural development.
Low-cost hdusihg.
General Studies: FExamples of notable building structures of earlier ages

and cultures {e.g. Aztec, Assyrian, Chinese, Burmese) including national
and world-wide examples.

Historic background to modern architecture: notable examples of town planning
particularly in developing countries: the problems of population in housing.

The influence of culture, geographical location, climate, availability of
materials and technmology on building design and constructien.

Need for planning based on the requirements aud often conflicting demands
of industry, agriculture, living accommedation and population movement.

Sanitation related health and population density.

The training of Architects and their role in Sbbietyf the:resbonsibility of
the architect to contrel and interpret the needs of the community in design
and planning of buildings.

The use of labour in the construction industry and the contunuing develop-
ment of mechanical equipment. :

" The Trade Unions in the Construction Industry and the relationship to client
and Architect.
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BUILDIXG SCIENCE
The éyilaﬁus is intended toudesl_with the scientjfic thearieé‘behihd_fhé way
in which building materials to light, heat and sound,. how watexr flows and

how pressure occurs in materials among other things. .

where.ﬁGSSibie models and simple machines together with standard Science
Laboratory technigues should be used to demounstrate principles.

There

éould also be a relatidnship.w{th the syllaﬁus “Materials of Construc-
tions'. ' o : ' :
HEAT:
The rature of ﬁeat{ 6onddctibﬁ,:convectiqn and radiation.
Thermal.cﬁnductivityQof Building'matérials;'Radiétiou{
?revost;s theory of exchgdges. Stéfan'é=1aw.'

thange of state. Fusion, ?apofisatidﬁ;: Latent Héat,f

Heat and work: The joule/watt second. Spééific-heat.'

fleat insulation and heat transfer iﬁ’buiiaiug cdnstruétioﬁ._
Conductivity, resisrivity. 0" values. Solar heétlgéiﬁ.

Building orientation and solar movement. ‘Greeunhouse effect".
g

HUMIDIIY :

Hygrometyy, relative humidity.. How to find it, Instruments hSed.

Effect on human comfort: problems of controlling condensation in buildings
and veasons for. '

VENTILATION

Air movement: global and local: influence of temperature: stack effect;
natural and artificial air wovement.

Natural ventilation: full air conditioning (Principles)

Combination of heat, humidity and ventilation to achiéve desirable standards:
body adjustments and limitations,
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BUILDING DFSIFN FOR COqTRGL

Bu}lding layout and orientation' construcllon detallq for insulation and
exclusion of sunlight. . ce

Souwrces of heat within bu11dings. env1ronwental design.

”Total build1ng de31gn fot_optimum conditions,

LIGHT

Natural 11ght' sunlight and daylight: nature and propogation: frequency:
wavelength and spectxun.

Elementory‘photometry:_illuminatioﬂ intensity: inverse square law.
Lamberts cosine rule. : :

Recfiiihiér ihtenSity and lux: illumination, lux, brightness.

Dayllght1ug..orlentatlon. window size! shading calculations using various
factorq.

Use . of protractors and nomograms: sun angles al various attlatitudes,

Principles of artifical lighting design: desired levels of illumination
for various tasks: glare: Bodmin's ratio.

Artificial lighting related to environmental design.

Head output from fittings.

The properties and behaviour of soud: sound sources: fregquency and wave-
length: speed, wavelength and frequency.

Sound pressure and ﬁavelength: sound pressure level and decibel scale..
Sound and d%stance: sound transmiséion in solid materials.

Diaphragm amplification: panel.transmission.

Sound insulation: airborne and impaét sound: methods of ﬁalcu}ating sound
. intensity: methods of screen and insulating buildings: airborne and impact

sound insulation within buildings: noise and inter-erence levels within
rooms: machine vibration.

Acoustics: the Sabine method of calculating the reverberation times in
rooms: absorption coefficients of materials: sound paths and reverberation.
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FLECIRICITY .

ohm's Law: Series and parallel currentst polarity current Flow. E.um.f.
and P.d. Fnelgy and pouer in simple circuits.

HVDRAULICS

Fluid motion: .Berﬁouili's'theofem

DBischarge through orlfflces qnd nozzies: venturimeter.

Flow in piﬁes.-

Yniforn open channel flow.

Distrigution in pipesf.pipe sizing.

Rainvater disposai:~f10w on f6bfs, in gﬁft¢rs;énd H0ﬁnpiﬁés‘

Hydrostatic pressure.

MACHINES
Simple principles of machines used in building.

Levers: wheels: friction: slopes: Fans: the heat pump.

STRESS
Now stress effects building materials: bending! shear.

Compression and teasion. Wind pressure and suction,

CLIMATE

The study of climatic conditions in respect to rainfall, humidity, suashine
and their effect on building.

The main subdivisions in Kenya of the country according to location and
climate e, 8. Coastal, Highlands, Lake, etc.

Comparisons between buildings in various climates and the effect on form,
method, orientation, etc. :

MATERTALS OF CONSTRUCTION

This subject must be dealt with in a practical way.almast ‘as a Iébératbry
subject. The students should be able to handle all the materials, to judge
there texture, colour, density, ete, by visual examination.
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ALl. the materials should be subject to simple tests, and the appropriate
test equipment should be in the same room as the sample materials. '

Records should be made of test experiments and as far as possible, the
students should.carryout the tests undersupervision.

Reference to manufactpring processes need only bé gkeléﬁy, sufficient to
set the scene for discussion of material hehaviour.

All the British Stﬁndérds and Codes of .Practice relevant to the materials
should be available. e : o

Site viéits_to see the materials being fixed should be organised.
Thc.materiGIS'f_szt‘Céﬁmonly uséd in building

Concrete? ' ' the constituents of concrete: cement, sand and aggregates
- and water.

~Why concrete is used so widely: its strength and limita-
tions.

The way concrete is formed from the constituents: from
batching through to final curing.

Types of sand aggregates and their properties and uses.
Simple tests for cement and aggregates.

Properties of concrete related to mixes, rations,
aggregates. '

Control of quality in concrete production and tests
for strength, workability, etc. '

Types of reinforcement commonly used in reinforced
concrete. .

Concrete products: blocks, tiles, etc.

Steel: _ The formation of iron and various types of iron used
in building: the production of steel, carbon content,

The properties of ivon and steel,

Methods used in manufacture of steel sections, bars
and components: heat treatments.

Properties: strength, thermal movement, durability,
simple tests.

How steel is used in reinforced cencrete.

Iron and steel components In building: galvanjshing.
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Stone!

Timber:

Clay:

Non-ferrous metals:

Plaster & Mortar

“The classification and formﬁtion of naturally occuting
- stones. Igneous, sedimentaty, metamorphic.-

‘Propertics useful {a buildxng constructions appealance

durability. deu51ty, strength porosity, permeability,

_1931slance to fire and uatcr.
 Common uses: methods of treating for use in buildingsi

:Softwood and hardwood:'the characteristics: how the
Ctree grows. :

.Convcrsion from tree to buildlng tirbur' sawing!

seasoning.

Howtlmbel is used' precautlons agalnst defects occuring:
treatment effects of damp cte. insect_attack

Pxopetties. moisture content sue111ng and shrinkage
crushing and shear strength. 51mp1e tests.

Selection for purposc structural decorative, various
typlcai finishes! standard sizes and reduction due to
planing. . :

Further materials which are naturally - occufing and are
used in buildings: importance of soils in load bearing
conditions.

Source of material and eorigin.

Typical building components: bricks, tiles and blecks,

' pipes.

Propertles, porosity, strength, density, durability
fire resistance ete, .

Aluminium, copper, lead, zinc.

Sources of materials and typical used in buiiding.

Methods used in manufacturing c0mponents: casting,
extruding.

Properties: strength; ductility, thermal movement,
durability and weathering.

Surface coatings and anodisting.

Typical uses in Building.‘

Materials used lime, cement,'sand gypsum.
Sources and #ethods uged In plasterlng and blocklaying
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- Chemical changes which make lime and gypsum useful in

plasterin and rendering: ganging or mortar.

Application of plasters to various backgrounds: ad-
justment of mixes! bend and suction: control of shrink—
age and expansion.

 WQrkaBi1ity in mortars, mix propertions, Hardening,
durability,

““Typical tests of lime and cement.

" Typieal soil structure and the importance in building

construction and foundations,
Compositiont gravel, sand, silt, clay.
Properties: moisture content, strength, shear resistance.

Tests: particle size amalysis, liquid, plastic and
shrinkage limits, plasticity, etc.

Stability: methods of consolidation.

Frepared and Manufactured Materials

Building Boards:

Bituminous
Materials:

Butties, Mastics
and Adhesives:

Plastics:

Plywood, blockboard, chipboard and hardboard softboard,
asbestos-cement, woodwool.

Methods of manufacture! properties: typical uses in
building construction.
Sources of bitumen, tar and pitch manufacture of mastic

asphalt.

Uses of bitumen and asphalt in building.

"Physical properties and simple tests.

Adhesives: Typical materials: bitumen, rubber, butyl,
resins.

Methods of use and properties.
Classifications: thermoplastic and themosetting.

Typest polymethyl methacrylate, polythene, polyvinyl,
chloride, polystyrene, polyurethane, etc. :
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Composition: plastiéiseré,‘filleré, plgments.

‘Manufacture: powders, pellets, extrusion, injection,
moulding casting and callendering. - -

.Typical prodﬁcts: boards, pipes, foams, Laminates.

Pfoperties: stréngth. moigture, heat, fire resistance,
durability, svnlight, chemicals.

Glass: : The main constituents and manufac;uring processes of
cast, fleat, plate glass, etc.

Types of CIéar,'053cdre; antisum'glasses.

i;Spec1a1 app11cat10n3. glass blocks, glass fibre
insulation glass fibre resin (G R.P.) :

Paints: Typical constltueutq oE varnish and paint natural and
synthetlc. : : '

Typés gless and flat oil, diqtemper, emulsion, plastic,
chlorinated rubber.

-

Painting systems: primers, undercdats,:finishes.

Properties: resistance to weather, five-retardant,
intumescence, covrosion resistance.

Painting of various backgrounds.

Rubberx: Sources: production and applications.

Typical properties.

TECHNICAL DRAWING
The syllabus begins with simple geometry which is intended to give'experiencé'
in the handling of all the instruments which the student will eventually use
in the Architect's Drawing Office. This leads up to the first attempts of
working drawings. : '

The second part considers the problems of solids and again ends with the
production of typical architectural drawings.

Initially drawing should be on cartridge paper, bit the techniques of draw-
ing on tracing paper and the reproduction by printing should be used as much
as possible. Other special materials such as linen (now mainly obsolete) and
plastic drawing media should be introduced 1if thought appropriate.
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In the 1ater states of the course Technical Dr
Cconstruction, Portfolio and other subjects
tO produce drawing work of a high standard.

awing will be part of the
and the student will be expected
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TECHRNICAL D BRAWIhG PART 1

Introduction to the use of all drawing instruments and materials such as
tracing and cactridge paper. Paper sizes and how these vrelate to one an-

other. S.TI. Units.
How to draw'iinéé_pf different weights using varying pencil grades.

Division of lines and lines of various angles to one another, using pro-
tractors and adeStable set squares. -

Formation of all types of regular fxgures. triangles' rectangles, trapexkium,
etc. Blsectzng angles using compasses.

Regular and 1rregular-polygons-and rclatéd circles.

Circles: arcs, tangets, Chbrdﬁ;.Segmgﬁts, ete.

Ellipses: gethods éf construétion..'

Simple lettering: construction of lettérs ﬁsing insfrﬁméﬁté.

First angle projection: development of draw1ngs to show all faces of 31mp1e
3 dimensional model.

Tsometric projection of 3 diamensional model.
Exercises in free hand drawing.

Complete drawing to incerperate the geometric forms into a finished technical
drawing, including lettering and dimensions, titles, etc.
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1PCHNICA1 DRAWIhG NG_PART 11

Prisms, cones’ - and Dyfﬂmlds..construct1on and pictoral presentation using
1son0metricq. o :

Developwent of cutting planes in éyllnders cones and pyramlds.
-Intersections of regular f1gures and cy11nders.

L0ci: thg paths of pants::lnvolute, cycloid, parabola and hyperbola etc.
ﬁévelopmqntibi.Sﬁffacé'areés of solid figures,

isométrié.ﬁfdjectiou:of cufved shapes,

éimple'pérsﬁéctiﬁéi coﬁstruéted and freehand.

' Introductlon to the b331g principles in the preparation of working drawing:
typical scales. SR

Setting put of drawvivngs on standard sheets.

Simple building drawing to incorporate plans of foundation, ground and
first fleoors and voof, elevations and sections.

Development of details of increasing scales up to full size.

Methods of presenting materials, layout of lettering, dimensioning of
drawings.

Preparation of complete set of drawings from a suitable skeLch design
provided,

Preparation of measured drawings by surveying existing constructions.

Colouring of drawingSSISCiagraphy.
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BUILDING REGULATIONS AND CODES OF PRACTICE

An esseutial - pott'cf'ali building design and construction is a proper under-
standing of the local 'Regulations which have to be applied. Within these
regulations there is frequent reference to British Standards and Codes of

Practlce.

This syllabus is related to these controlling aspecté.

The Building Code
The various parts of the Code should be read and discussed.
Interpretation of clausés Shohld Ee related to diagranms andIQXamplcs. _

Metric equlvalents should be calculatcd from those ‘given in the Code where
they have not heen wetricated o

During construction leutures the Bulldlng Code should always he hadn to
relate the wvarious clauses: : :

The Factories Act

Those aspects of the Act which relate to building, buildxng 31tes and mathnes,
such as safety, Health and Welfare should be fully explained and. understood.

. British Standard Specifications

‘The purpose of having standards and how they are arrived at.

Typical standards: cement and other basic materlals, tests for fire and
similar: sanitary fittings.

Introduction to the Mandbook issued by the British Standards Institution.

British Standard Codes of Practice -
The object of the Codes and their relationship to B.S. specifications.
A few typical examples of Codes ro show how they are constructed.

Refevence to the Building Code and the Codes of Practice included in it.

Building Research Digests

The function of the Building Research Establishment.
How the Digests compared with British Standards and Codes of Praétice-

Typical examples of Digests,
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‘Kenya Bureau of Staundards

Information on the work and development of the Bureau.

DRAWING OFFICE PRACTICE AN[’i ) PORTFOLYO KORK

As. lhc studcnt becomes more proflcient in drawing through the Techn1cal
‘Drawing syllabus, heé should be introduced to Drawing Office Practice, where

in_he should learn about keeping records of typical information which is
constantly and vepeatedly used.

DRAKHING OFFICE PRACTICE & PORTEO[IO KORK

e should be encouragcd to acquxre files of technical information from
official publlcatlons and manufacturers handouts and catologue this accotrding
to a suxtable system.

The method of preparlng full sets of drawlngs and careful systems of - cross—
reference should be explalned

At all states flnlshed work ‘should be carefully stored to make wp at the end
of Parts L & I1T inte Portfolios of hork

These Portfolios are to be subnitted at the approprlate tlmes for assessment
of the studenls progress.

Thé,whole syllabus should'be of a practical nature providing conditions for
- the student to achieve a high standard of work.

DRAWING OFFICE PRACTICE

Layout of ‘Drawing Boards and Drawing Equipment.
Reference material to be close to working space.
- Reproduction of drawings, and the preparation of drawings for reproduction.

Storage of tracing paper negatives and drawings vertical and horizontal
plan chests.,

Typical reinforced concrete and steelwork drawings as prepared by the
Structural Engineer to be available for discussion.

Keeping of Drawings lists, Job records, and methods of dealing with changes
on drawings to ensure full circulation to all interested parties.

Time related to drawing production: essential drawings and selection of
retheds of producing in sequence.

Statﬁtory form-filling and related drawings: essentials to meet Local
Aurvority requirements.
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PORTFOLIO_WORK

' The furpbéehpf the Portifelio is to be explained.

1.  Portfolio Work foxr Submlssion'at Pég; Ii;

(ii A drawing sheet sﬁowing examples of the alphabet and numerals;
(ii) A drawing sheet in isométrié;; :

(iii) A;freQQhand'drawingf |

{iv) An.exﬂmplc of the development of a‘sﬁiid;_
) An'exaﬁple of a;warking dfa?ing on wa sheets.

One to contain plan, Section and elevations: Scale 1:50

One to contain details: Scale 1:20, 1¢5 and FULL_SIZEi.

2.  Portfolio Work for Submission at Part Il

(i)

(ii)

The measured dfawing of an existiﬁg'buildingﬁdr part thereof, on
at least two sheets, accompanied by the detailed notés. . This could
be carried out by not more than four students as a group-exercise.

A complete set of working drawings to bétépbmittcd-from-afgketch
desiga provided. Guidance should be given as to the exteant of -

work to be covered but at least four sheeis of A2 size drawings
should be done.

SURVEYING -

Surveying should be dealt with from the needs of the Archiééét'SjoffiCe to
be able to obtain all the necessary information for building design. From
the initial survey, drawings of the survey should be prepared and their ~
relationship to the geology etc. and the final building needs should be
emphasised. . : : o '

Subsequently the student should be able to set out vertical and horizental
datums on site, check grid lines and depths of hasements.

The transfer of vertical dimensions in high rise buildings shauld be in-
cluded, : ' '

The care and handling of simple instruments should be taught, and fu11~day
practical exercises organised, T
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SURVEYING PART 1

Detail Surqgjigg
;Introduction, descriptlon of tape,. chain, opt1cal square, arrows, etc, used
{u detail survey principles and methods. Definitions of base line, checks,
tie, lines and offsets.

Methods of booking treatment of obstacles, chaining and taping on sloping
ground, conventiocnal signs.

Levelling

Definition of'imporféut.kerms, description of Abney level, Dumpy level,
titting level and Cauley level.

Bescription of Automatic level, lcveiling staff.

Temporafy'and'pérmaﬁént adjustients for levels.

Prihdiplés of levelling, Beuch Marks, Sea level datum, methods of booking
and reduc1ng levels, checks. Sources of error, precautions to reduce,

errors, adjustment of closing error.

Cross sections, profiles, plotting of profile.

Contouring

pefinition of contours and other terms; characteristics of contours, scale
and contour interval.

Abstracting Information from contours, profiles, determining intervisibility,
interpolating contours from spot heights. '

Methods of coutouring, contour chasing, rectangular grid of spot he1ghts,
instruments which can be used, level, theodeolite, tacheometer.

- 279 -



SURVEYING PART 11

SEttiEg_out

Definition of terms, change, centre line BC, FC ‘ete., horizontatl curVeS,.
setting out. curves by offsets. : B

Setting out curveb by deflection angles, curves defined by radius, degree
of curve. : .

Problems in cur;é rauging;-Qbstécles;.pse_of line points.
Use of sight féﬁl$ éhd:bonihg rods,'etc.

Ségting ﬁut pointé in pfﬁ—cémphted'pdéitibﬁ.

Setting out building geqmétricaii&{ |

Check by diagonals.

Plumbing devices and. use for sctting out véftiééiiy;

Plumbing shutters. Optical plummet - Cauley levels.

Farth Quantities

Mensuration, areas of figures with irregular boundaries,

Simpson's rvle, average area, trapezoidal rule, prismoidal rule, prismoidal
exXxcess.

Volume of embankment with transverse slopes - examples,
Mass haul diagrams.

Introduction to plane table surveying.

Theodolite Surveying

Pescription and construction of modern theodolite, vernier and optical micro-
weter, terms used In theodolite surveying,

Setting up, centering and levelling, temporary adjustments, brief mention
of permanent adJustments.

Heasuriqg angles, horizontal and vertical, FL and ¥R repetition,'booking and
reduction of angles.

Introduction to co-ordinates and computing Whole Circle Bearing.
Description of traversing.
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. Methods of traversing, low order, high order, typES of traverse, ¢closed,
: unclosed loop, etc.

Computation of bearings from angles, office computatlon of traverse, ad-
. justment of Bowditch method,

_Computing a traverse from given data

Stadla measurements, principles of distancés and heights by tacheometry,
‘reduction by Redmonds tables,
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CURRICULUM FOR JOMO KENYATTA COLLEGE OF AGRICULTURE AND TECHNOLOGY

ELECTRICAL ENGINEERING SECTION - = .

1.1

1.2

1.3

The Electrical Engineering_Séction would offer two courses viz.

1. Electrical 1nstaliation Technician.
2._ hlecttonic bnglneerlng Techn1c1an.

The College would entrol the studénts for the courses in Apr11{May
each year and fifteen students would be accepted for each of the
courses mentioned. There would be three teaching terms, each of
14 weeks, during each’ calender year.

To begin with the duration of ‘the course would be of three years
and two terms. At the end of each course, the students would have

“ reached the: standard equivalent to Part 2 of the technician level.

Later on; the attempts could be made so that the duration of the

_conrse would bc four years and one ternm so that the additional two
terms could be utilized to train the students upto Part 3 of techni-

. elan 1eve1.

1.4

2.2

3.1

3.2

The students for the courses would have at least East African
Certificate of Education with credit pass in English Language,
Mathematics and a related Science Subject,

It is expected that the students would spend all the time at the

College for the theoritical studies and the practical training
relevant to the course.

Whenever necessary equipment and facilities are not available withia.
the Section for the practical training recommended, the students
would be attached to outside firms, government departments and para-
statal bodies daring either College terms or vacations or both.

To supplement the training provided by the section in the class-room,
the laboratories and the Workshop of the College, the section may
undertake contract jobs from Government and Private Sectors.

The details of the syllabuses to be followed for the academic studies
and the practical training would be as per attached course documents.
The arrangement of the subjects to be studied during the course and

the theoritical and the practical examinations to he taken would be
as per attached sheet course Pattern.
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3.3 For"internal'theoritiéal examinations, the College would set and
mark them, such examinations would be for progressions and no.
certificate would be issued. ' ' '

3.4 For the trade Lests recommended; fhéy could be exterdal'teéts or
internal tests organized with the help of éxternal examiners.
Proficiency Certificates should be issved for such tests.

3.5 For external examinations, those set by the East Afrfcan Examinatfoﬁs
Council would be utilized. The certificates would then be automatically
/issued by the E.A.E.C.
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ELECTRECAL INSTALLATION TECHNIGIANS - FIRST YEAR

MECHANICAL WORKSHOP

Attention to be given to safe working ne thods . -

Standard hand tools for bench fitter; description, care and maintenance
including shears, sc¢issotrs, side and fron cutters, spanner, description

by type and size. L

‘Simple marking out. Exelcises using files, hacksaw, hammer and- flat chisel,

rule, squares and calipers.
hxercises in the manipulation of non-ferrous metal and insulating materials.

hxercises using CQntts—punches, hand—dtills, taps and dles, screw~drivers
and spanners.’ Standard threads in common use, Thelr application. .
Use of weasvring equ1pment, such as dividers, wire gauges, vernier caliper
and mlcrometers. : : : :

Use of 51mp1e jigl and templates. _ : : : .
Introduction to portable power tools and drilling machines. Safety pre-
cautions. Use of coolants. : ) B .
Latne work use of 3-jaw and Q—Jaw chucks., Tool'forms and cuttiag speeds
for various materials. - SR C

CRAFT_THEORY

Introduction in safety precautions when using tools. Codes of conduct in
workshops. Variations in common tools and their applications.
Introduction teo engineerlng materials such as irOn, steel, copper, brass
and aluminium,

Types and forms of screw thread screw and bolt heads correct sharpennlng
of turit drills, Thpplng sizes. Introduction -to precision measuring
instruments, micrometers dial surfaces and depth gauges,

Introduction to telerance limits and fits.,

Mechanical and elecirical properties of materials used as conductors and
insvlators.

Mechaniecal power transmission systems. Use and limitations of belt and
chain driver, gears and clutches.

Safe methed of 1lifting and handling. Use of pulley blocks, chain tackle,
screw and hydraulic jacks, rollers and pucking.
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ELECTRICAL PRINCIPLES

Structure of matter. Simple electron theory. An electric current considered
as flow of electrons. Electric quantity. -

The ¢oulamb and the ampere.

Demonstratlon of heating, magneLlc and chemlcal effects of electrlc curreit.,
Illustration of applxcatxons conductors and insulators. ‘
blectric circuit. Concept of resistance potential difference (1uvolts} as
the course of current flow. Ohm's law. Slmple calculations.

Us¢ of ammeter and volimeter, ' - '

Series and parallel circuits with" calculations.

Primary and secondary cells as sources of electrical encrgy.

Internal resistance. Cels in Setles ‘and in parallel

Resistivity and conductivity, -

Beating ¢lements. Effect of temperature on resistance.

_Resistance of ‘conductors and voltage drop in cables.

Rating of lamps, elements and re51stors. Relationship between volts
amperes and walls. ' _ '

,leectrlcal safety precautlons. Earthing arrangements.

~ Rulé of fire and shock. Ariticial respiration. Need for regulations.
Electro- magnetic devices, bells, buzzers, relays, contactors.

" Simplé bell ‘and indicator circuits.

.Ovexr loads and short circuits, Causes,_effects and protection by fuses.
Principles of protection and control by thermal and magnetic devices.
Types of supply e.c. s1ngle phase a.c. and three phase a.c.

_Potentlal dlfferences between mains and earth. Control gear at consumers
supply point.

Meaning of polarlty in distributj_on ¢ircuits, Live and Neutral,

Correct comnection of single-pole switches, fuses and ncutral links,

Use of double pole switches. The magnetic field. Fiux magretizing forces.
Field due to a current through a straight wire, loop solenoid.

Magnetic materials, permanent magoets.

Force on a current carrying conductor in a magnetic field.

Basic principles of a moving coil instrument and d.c. motor.

Electro magnetic induction.

The transformer principle,

Moving coll & iron instruments.

Principles of telephoue and loudspeaker. Simple telephone circuits,
Simple generator p11nc1p1e. Generation of alternating voltage, rectifi-
cation by commutator.

Simple concept of alternating"CUrrent, waveform, Erequency. Root mean
square, peak, mean and instantaneous values.

Introduction to basic¢ a.c, cirecuic. Use of inductor and capacitor.
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- RELATED STUDIES

{

Aiithmetic - general rev1sion, including fractions, decimals and -
;conversrons, reciprocals, ratios and’ percentages; Calculations - areas
of - ‘regular plane figures. Volumes ‘and weights of simpie solids,

Metric system of welghts and measures."

Measurement and setting—out of angles, bisection of angles, construction
‘of triaugles and paralleiograms Interpretation of simple engineering
drawings. Introduction to orthographlc projection._‘ .

The dimensioning of engineering drawings and’ sketches,

Sketching of simple objects and machine parts, using pictorial vieus.
~ Oblique angd isometrie, .
~ Thermal expansion and contraction., }hasurement of temperature centrigrade
(kelvin) and Fahrenheit scales - conversion.
Sketching and dimen31oning for cable acids and trunkiug.
Introduction to definitions from IEE Regs. :
 Drawing of wiring diagrams for tighting and power circuits.

Graphical symbols B. 5. 3939, '

Use of algebric notations.' Use of formulae. Change of subject simple
-équations, s : : o
"~ Direct and inverse proportion. Plotting and use of simple graphs.“
Basic mechanics, Force units (1nciuding the’ newton) work and power.
Relations between’ mechanical and electriéal units, ‘Triangle and parallelo—
gram of forces. Simple’ appl1cations.‘ Moment: of force, Ltorgue,
Levers {with parallel forces) ‘beam: balances, weighing machines
Mechanical and electrical units and the relarionships between .them.
Efficiency. Heat in the form of énergy. Units of heat.' Specific heat.
Relationship between electrical and heat units._: =

ELECTRICAL WORKSHOP

Artificial respiration, Electric shock Negd fdr_safety énd eoré;
Care and use of hand tools, - - ‘ -

‘Types of cables used and methods of termination with eXerciSES. :
Connection of wiring to fuse terminals switches cekling roses etc. ;

Fixed sheathed wiring. K
Flexible cords, wiring of ceiling roses and lamp holders.; Attention to
details. )

Use of wire gauges and micrometers to classify cables/conductors.

Consimers control units construction and wiring arrangements..'”__ CL
Termination to socket-outlets and plugs. * Correct colour cade. Wiring.
sfmple eircuits including switchés lamps and pocket-outlets, Bell eircults
with indicators. Experiments with <ells in series and parallel.

Sheet metal working,: marking out, cutting drilling punching, bending
. viviting &te, _
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ELECTRICAL INSTALLATION TECHNICIANS — SECOND YEAR

. BLECTRICAL WORKSHOP

_ Need for safety. S ; :

Care_snd use of blow lamps, Bas torches, and soldertng irons.-
Suweating of lugs or cablés, use of Fluxes. Crimping tools,

Care and use of portable equipnent malntenance and faultfinding.
Conduit threading, taps and reamers. Care and use- of stocks and dier.
Methods of Eihlng eonduit surface and sunk work

Erection of simple trunking systems.

Exercises in- condupit using all typs of termlnatlng boxes

Use of testing instruments, : :
Mineral -insulated cable, term1nation tools required setting, flxlng.

: :(Copper ‘and’ aluminum conductors.)

Bell cilreuits with' relays., :

Wiring discharge 11ghting internal- cireu1ts.

Terminating armored cables (small twin cables only).

Wiring up of different startéers to motors and fault location,

Fault location on campléted work, including polarity, earthing, insulation
- and ring circuit continurty. _

Use . of multirange dinstruments for check1ng 0o Lors .

Tests on E. LCB3s.

Fire alarm and cell circuits.

Mounting and liniag up of machines.

ELECTRICAL PRINCIPLES

"hleetromagnetic induetlon,_self and mutual inductance.

- Induced e,m.f. by change of flux linkage.

" Energy stored ia an energized coil, switching of inductive circuits.
_Unit of 1nductanee.

"Properties of common magnetle materials. Principle of magnetic shielding.
:Energy losses due to reversals of excitation and to rotation in a magnetic
field. Hysteresis. Eddy currents. lLaminated magnetic systems,

. Principle of the alternating and the un1d1rectiona1 generator.
Relationship between speed, pole pairs ‘and frequency. The relationship
_between speed “field strength and generated e.n.f.

" The operation of the d.c. machine as a motor or as a generator.

The voltage equation (Vv = E + IR}. Forms of excitation.

The production of torque.. Load characteristies.

The polyphase a.c. generator. General concept of a Polyphase system.

Star and Delta .connections. The three phase 4 wive and 3 wire systems.
Production of rotating field by a polyphase winding systen.
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'Production ‘of torque in synchronous and osynchronous machines.-

Starting artrangements. Capacitors, the electric field, electric stress,
‘dielectrics. Series. and parallel conbinations. . The parallel plate
capacitor. Unit of capac¢itance p.d. and charges, stored energy

Working voltages. Safety precautions when using capacitors‘_ .
Variable and semi-variable air-spaced and solid dielectric typesr.

‘The electrolyte capacitor principle.' Resistance and inductance in a d.t.
cireuit, simple concept of LR Time constant.

C Inductance in an a.c¢. circuit, Phase angle and inductive reactance,
induétance and resistance in’ series, impedarice and phase angle._
Capacitancé and resistance in a dic, elrcuit. Simple concept of CR Time
_constant. Capacitance in atc. circu1t, phase angle and capacitiVe.'
reactances, capacitance and resistance in series, impedance ‘and phase angle
Inductances, capacitance and resistance in’ series, resonance.':_ :
.- Two branch parallel cirecuit consistxng of (a) inductance - resistance and
(b) capacitance. Effects of resonance.

Power in a.c. single-phase circuits. Powcr factor._ Active'and,reactive
components ~ KW & RVAR. : o '

Power factor correction by static method _ .
Principle of.cathode ray tube. . Slmple application as an oscilloscope.

ELECTRICAL PRINCIPLES (CONT)

Rectifiers. Metal rectiflers._ Semi conductor diode, meaning of Forward
Resistance aad Réverse Breakdown Voltage.; Voltage and " temperature linita-
tions. Rectification, Half—wave and fullwave Avérage value, use of
receiver capacitor, surge current ripple voltage, smoothing Transformers,
core construction of shell, ring and core types, Transformation’ ratio.
Relarionship belween primaty. and secondary ampereﬂturns.; Regulation and 4
corses (deseriptive treatment) Use of’ tappings. The auto transformer.'
Voltage and current transformer. L : :
'Instruments, moving coil and rectifier mov1ng coil, moving 1ron, thermo—
couple and dynamometer 1nstruments. Extension of range series resistors:
shunts,

Sensitivity, ohm/volt. meter errors in high—resistnace circuit and in low— :
voltage, low—resistnace cirCULt - The’ uses of the valves voltmeter. '
Principle of the wheatsténe Brldge network (balanced) variable 1n standard
and ‘variable ratio types-,_.
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. INSTALLATION HORK AND REGS

Use of mineral - insulatcd cables and cable glands, 1EE Regulations on

the use of these systems. Wiring of bell-circuits with indicators
(simple) “Transformer operated bell system. Relevant IEE Regs. :
Simple testlng of basic ¢ircuits, ' Use of insulation and continuity tester.

Sketching of - simple obJects e.g, fixing brackets, sheet metal trunklng,
terminals and fuses.-

- Graphical -symbols to Bs 3939 ' -

_ The effect-of the Electricity (Pactory Act) Spec1al Regulat1ons on
_.Electfical Installation Work.

. Detailed study of the following parts of IEE lelng Regs.-'

(a) Whole of Part I

(b) Secthns ABCDFFG&H of Part 11
(¢) Tables- section

(a) Appendlces 1 8

_ Transmission and dlstributlon systems over head and under ground.
Advantages of the a.c. systen, standard pressures for transmission and
distribution.

General diseription only of' Electricity supply systems, grid and super
-grld and associated power stations, substatioens, bulk supply and distribu-
tion, control centres.

“Three phase, three-wire and four-wire a.c¢. distribution systems.
Distribution centres. Pouwer load, assesshent of diversity and grow
factors. Switch’ boards, isolation. Centrel labelling, provision o

. space-waysi Systems of distribution with a consumers installation.

" Rising maing and ring main system. Phasing and balancing of single phase
loads on a polyphase system. Application of different types of switch
'gear,_011 and air-break contacts, are extinction methods.

Distribution boards for power and lighting circuits, fuse elements and
their uses, Metering. Arrangement of an installation to provide for
'discriminative operation of excess current protection various types of
rigid and flexible conduits including light and heavy gauge steel, aluminium
and non-metallic types. Cable trunking systems including underfloor and
vertical ducts, overhead bus-bar systems. Installation of conduit systems

‘surface, concealed, loop-in., Iustallation of p.v.c. and paper-insulated
armored cables and mineral insulated cables including methods and problens
associated with termination {copper and aluminium conductors).

‘General appreciation ‘of installations requireing specilal consideration e. g.

f.out door installations, systems subject to extremes of temperature, flam-
mable or exp1051ve situatious, garages.,

Earth o0nccntr1c wiring.

-‘Earthing systems, carth-top impedance, construction, application and

installation of C.0. & V.0. EL.CB's methods of testing,

- 291 -



Testing of an 1nstallation, polarlty, eaithlng, insulation and continuity

of a rlng circuit, :

Fault 'detection and location.

Interpretation and vse of layout drawings for 1nstallations 1nc1uding
schematic diagrams: Preparation "as fitted" drawings.

-Installation and use of voltage and current transformers.
Application - to protective and measuring circuits. ' :

Layout’ of. instailation to provide for on-peak’ and off peak supplies
(ripple control).

Installation and maintenance of secondary cells, use of hydrometet
Charging devices and circuits charge and discharge characteristics of
lead-acid and alkaline cells, Secondary and emergency lighting systems.
Courses and prevention of corr031on, with particular refereuce to electro-
lytic action. .

Fire systems on open and closed circuit priunciple with zone' classification
and iadication., (General installation practice only,) :
~Call systems and burglar Systems (general installation. practicc only)
Behavior and users of different types of motors and’ geneiators, die, series,
shunt and compound types-a.c. three- phasc cage ‘and wound rotor induction
motors, single phase cage induction motors, split. phase capacitor ‘stare,
a.c. series.  Types of enclosure. Rating starting methods and c¢ircult
diagrams. Means of reversal of rotation. Relevant IEE Regulations.

‘ Installation, including mounting and 11n1ng up of machines. '

RVA rating of a.c. plant; power factor, installation of equipment to improvo
power factor.

Maintenance and testing for faults in switchgear, starters and motors,
common faults. Construckion site installations and safety requiremEnts.
Lighting., Factors affecting interfor illumination levels. ‘Types of -lamps
and fluorescent tubes, including their ratings ‘of light-out put-and effici-
ency. Installation of electric signs, dlscharge lamps and fluorescent tubes,
starting and control gear circuits 51mple types of domestic water heaters,
their installation and control.

Preparation of requlsitions for w1ring materials required forasimple
installation, :

ASSOCTATED STUDIES

Level systems, compound icvers and linkages. Toggle. - Simple mechanisms,
the eccentric c¢am, crank, pawl and ratchet. CGeneral principle of operation
of springs applied to electrical apparatus.

Work, energy and power units of the mechanical and thermai system and

their electrical equivalents. Inter—relation of units. :
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Simple-consideration of the conservalion of energy and the occurrance of
losses, meaning of efficiency of énergy transférs.

Machineés, rope and chain lifting gear, winch, work and worm wheel, screéw
Jack, the wedge, gear trains. Efficiency. ‘The principle of work.

Torque, work done byatorque. Velocity and acceleration (simple treatment
Graphs, plotting, meaning and uses, graphs of current/voltage resistaunce/
length, resistance/temperature, infcm, load/extension, meaning of y = m + ¢
and graphical determination of constants e.g. Effort = a + b,

E =a(+b, R = at + b.

" THIRD YEAR

Part i of E.I.1. course.

'FOURTH YEAR

'Parilli of E.1.L. course.
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SYL[ABUSLS

280 - EIFCTRICAL lNS?ALLATION TFCHNICIANS __THIRD YEAR

NOTE: SAFETY

It is’ essential that particular empha31s be plaCEd at all times on. safety
and safety precautions in the laboratory and. workshop.' The attention of
students should be drawn to the provisions of ‘the Electricity: Supply’
Regulatlons, The Factor1es Acts, The Qffices, Sh0ps and Railway Premises
Act, and the 1.E.E. Regulations for the Electrical Equipment of Buildings,
and they: must be watned of the hazards 1nv01ved in handllng electrical
equipnent.

Instruction should be given in the safety precautions to- be observed
before making connect1ons to 'live' mains, or switching on .equipment which _
may be so connected,  Students should be made aware of the’ location ‘and
method of operdtion of isolating switches and other safety devices, and
should receive instruction in simple first aid and artificial respiration
in cases of electric shock. Posters should be proninently displayed. _
It is not intended that this be treated in a series of formal lectures,
but the importance of safety precautlons for both personnel ‘and equipment
should be continually brought to the notice of all students using the
laboratories and workshops.

PART I

ENGINEERING PRINCIPLES#

FIRST YEAR (T.1) (80 hours)

Through this syllabus the 8, I. system of units shoﬂid_be used, but there
should be frequent reference to the relationships with, and conversion to,
other systems in use.

1. FORCE

Revision af definitions and units of wass, force and weight, scalar
and vector representation of a force, friction and friction force

as times normal vYeaction., Resultant of two forces acting at a
polat determined graphically and by taking rectangular, COmponents,
resolution of a single force into rectangular compOnents, application
to simple practical problems. Triangle of forces and exteasion to
polygon of forces; resolution of forces graphically and by ‘xesolution
into components. Description of the turning effect of a force, unit
of torque, calculation of torque for simple practical problems.

% This syllabus is identical with the T.1 anineering ScienCe syllabus
in Telecommunication Technicians.
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3,

WORK ENERGY AND POWER -

. Unit of work, work dome By,a force applied {(a) alang and (b). at

an angle to, the liue oﬁ_md;ion, work done in lifting and against
friction, work donec by a torque. Power as a rate of doing work,

tnergys simpie_;reatm@nt'of energy of a body by reason of its position
sand of its motion, 1loss and gain of energy. . Losses: output - as input
. minus losses.  Efficiency: definition as output/input, percentage and
.- per-unit preseatation, accuracy of calculation when input and output
‘are approximately equal.

STRESS AND SIRAIN

‘Types of simple stress (tensile, campressive and shear).

Relationship between stress and strain within the elastic limit;

' typiéallloadlextenSiOﬁ graphs for ductile and brittle materials and

their simple physical limitations; simple statement of Youn 's modulus
p g

" and meaning of safety factor. Simple springs.

LINEAR MOTION

Definition of velocity and acceleration, units. Pistance-time and
velocity—time graphs. Resolution of velocities,

Introduction to Newton's Laws of Motion and the relation between
force, mass and.acceleration, simple problems on practical fraction,
problems involving lifes, hoists and vehicles. Meaning of inertia
of a body.

ANGULAR MOTLON

Definition of angular velocity and acceleration, units, the relation-
ship between linear and angular velocity. Factors affecting the
inertia of a body, descriptive treatment of energy stored; purpose
of the flywheel.

MACHINES

The function of machines. Definitions of velocity ratio and mechanical

-advantage and their calculation for simple machines, such as lever,

screw-jack and gear train.
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HPAT

”Descrlptive treatment of expdnsiou of Itquids and solids, definition
of coefficient of linear expansion, applications, e.g. thermometer, -

bimetal relay, expnasion in civil engineering structure,'simple

thermostats. Simple treatment of traasfer of heat by conduction,
“convection and radiation, proctxcal application such as heat sinks

and coollng of equipment.

DIRECT CURRENT CIRCULTS

hlementaty idea of currvent flowj description without units of current,
including diiference between alternating and direct current} quantity
of electrlcity as number of static or motional cha1ges, impcdauce

as résistance or opposition to current flow; difference between
conductors, semi-conductors, resistors (including -idea of non-linear
resistor) "and insulators}’ electronotive force as. Mdriving voltage'
produced by a soufces; potential: difference ‘as voltage required to
force current thtough_re31stance' capac1tance as charge per unit~
potential difference. Energy as heat; energy produced by current flow
through resistnace; simple ides of potential energy of stored charge.
Power as rate of doing work; units of current, quantity, voltage _
(energy/unit-charge} and resistance, Ohm's Law.: hlectto chemical
effects; chemical effect of 'a current. Faraday s Law of electrolysis
and application; corrosion. Primavy celis, Secondary cells, lead-acid
and alkaline cells {(non- chemical descrlptions), characteristics,
internal resistance. Series and. parallel connection ‘of cells,
Principles of charging methods. Basic maintenance. Reésistors in
series and parallel, relat1onsh1p between resistance and conduc tor
dimensions and dependence on material, résistivity (dimensions e.g.
ohn-metre as resistance- length); conductivity as reciprocal of resis~
tivity and d.c. conductance as reciprocal of dic. resistance, '
BEffect of temperature on resistance (intorduced graphieally), temperatur
coefficient of resistance referred to any base tempevature,

MAGNETISM AND ELECTROMAGNETISM

Permanent magnets, ffeld distribution for common attangements.
Magnetic effect of a current; description of field produCed by -a.
straight conductor, twvo parallel conductors and a coil Concepts of
a magnetic field, flux and flux. density., Foré¢e on a current carrying
conductor in a field as B.7.1. and hance definition of units of flux
density and flux; practical application of this- force such as motor
and moving-coil meter and blow-out coil. Idea of force; between
parallel conductor and turns of a coil with practical applications,
but no calculations (other than by use of ‘definition of unit current).
Induced e.m.f. in moving and stationary clrcuits: practical applica—'
tions such as generator principle (with fleld c0nductor moved)};
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 Faraday's Law of electomagnetic induction, Lenz's Law. Mutual and .
self induction. Generation of an alternating e.m.f. by Lhe rotatien
of a coil in a uniform magnetic field, = - . ' S :
Flow of altexnating current in a pure resistor.

10. INSTRUMENTS

the use of ammeters and voltmeters. The effect of instrument resis-
tance on circqit conditions. Shunts and multipliers,

SECOND YEAR (T.2)*(80 hours)

11. CIRCUIT FHEORY

- More advanced direct current circuit problems on the pavallel circuit,
‘the series-parallel circuit, Kirchhoff's Law and Superposition principle
applied to simple series-parallel circuits.’

" Electrical power and energy units and relationship with mechanical
and thermal units. Calculations on power and energy dissipated
in simple séries and parallel circuit. Heating effect of a current,
Joule's equivalent in terms of electrical quantities.

Examples of methods of traansfer of power and energy in different forms
including simple calculations and efficiency of conversion.
Simple problems on cost of energy. '

12. FELECTROMAGNETISM

fhe magnetic circuit; magneto-motive force, magnetizing force,
permeability and reluctance (a parallel should be drawn between these
and equivalent quantities in the electric circuit), the dependance
of relative permeability on field strength and flux density, descrip-
tion of magnetization curve and hystresis loop, idea that energy loss
{s associated with the loop but uno calculations. Magnetic circuit
calculations for series circuits using magnetization curve or ampere-
turn method of sclution excluding leakage and fringing. :
induced e.n.f. direction, magnitude determined from rated of change
of flux linkage. Description of effects of self and mutual inductance,
direction of induced e.m.f. calculation of e.m.f. of self and mutual
inductance from rate of change of flux linkage or raie of change of
current; unit of self and autual inductance., Statement of energy
“stored an inductor as 1/2 L1? joules. Practical applications such

as igaition system, transformer, etc.
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13.

FLF(‘TRIC ‘FIELD |

.-_klux aud flux density (a parallel Lo be drawn wlth magnetic and

14.

15.

16,

electric circuit). |
Demonstration of storage of charge, relationship between charge and

applied voltage and hence definition of unit of capacitance.
Statement of energy stored in'a charged capacitor as 1/2 ¢cv? joules.
Examples of eonstruction of fixed and variable capacitors.
Capacitors in series and parallel and hence relationship between _

~capacitance and dimensions. Permitivity.

Capacitance of the parallel plate capacitor, Introduction to potential
gradient ‘and dielecttic breadown.

ALTERNATING CURRENTS

Generation of e.m. f. in a single coil. Definitlou of cycle, period
and frequency. Reason for use of sine wave; half-wave . average,
peak and r.m.s. values by graphleal means, fora and peak factors.
Meaning of phase and. .magaitude (auplitude). Waveform plotting from
rotating vector, addition and subtraction. of sine waves, resultant
wave, effect of phase shift , use of phasors’ (vectors) for addition.
and subtractlon, comparison of resultant with that obtained by
plotting waves. Effect of resistance, inductance and capacitance
considered saparately. Behaviour of pure inductance and pure ¢apaci-
tance only in series., Power in a.c. eircuits, unity and " zero power
factor only.

MEASUREMENTS AND INSTRUMENTS

Essential features of an indicating iAstrument, i.e. devices for
defecting, controlling and damping. List of instrumeénts in general

use and their applications. Simple descriptive treatmént of operation
of moving coil and moving iron instruments. Calculation of value of
shunts and multipliers. Measurement of resistance by ammeternvoltmeter
nethod (including allowance for effect of intraduction of instruments)
and by substitution. - Principle and. application of the Wheatstone
bridge. Principle of the simple d.c. potentiometer, standardizing,
application to measurement of potential difference, current and
resistinace. : :

ELECTRONICS

Elementary qualitative treatment of the theory of semi conductors.

The p-n: junction. - Thermionic emission._ The. simple diode, space charge
saturation; recrifying action. Types of rectifier, their. characteristics
and ‘principles of operation. Single-phase, half-wave, full-wave and
bridge connections. Smoothing circuits. Comparison of input and output
waveforms. : - o
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17. MACHINES .

Essential features of a d.c. michine. Methods of connection of field
- circuits. Descriptive treatment of operation of motor and génerator.
- Need for_starter'and.descriptiqn'of d.c, facé—platé starter.
Essential features of an alternator, (e.g. need for d.c. field system,
armature, slip-rings etc.), simple descriptive comparison of rotating
and stationary fields and of salient pole and cylindrical rotors,
synchronous speed., -

18, CIRCULTS

Series or parallel combirations of resistance, inductance and capaci-
tance, with constant supply conditions. [Tréeatment can be graphical
or by calculation (resolving) but should be simple and the parallel

case shopld be restricted to two branches. There should be copious

use of phasor (vector) diagrams and it is not intended that symbolic
notation should be used.] Power and power-factor; meaning of active
and reactive components of current, meaning of volt-ampere, volt-
ampere reactive and watt.

Except for the EITHER/OR paragraphs at the end, this syllabus is
identical with T.2 Telecommunication Principles A in Telecommumication
Technicians.

ko

MATHEMATICS#

1. ARTTHMETIC

Conversion of weights and measures from British to metric systems;
practice in makinpg approximale converslons. Use of simple conversion
graphs for this purpose. Introduction to and the use of algebraic
symbols in addition, subtractioen, multiplication and division
processes and iu the addition and subtraction of simple fractions.

2.  DIRECT PROPORTION
With special reference to

(a)  volumes of solieds and their weights,
(b} wvarjation in extension and conpression of a spring by
. application of different forces,
(¢) eéircumferences of circles and their radii. Calculation of
" eircumferential speeds of rotating wheels and of simple gear
ratlos, '
(d) percentage and per-unit values.
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ALDS TO CALCULATIONS

Appllximate calculations, their use genQLally and in particular when

using a slide rule. ' The meaning of a logarithm and the use of loga~

'rlthmlc tables for multiplication and division. Use of tables for '

" squares, square roots and Yeciprocals. Appreciation of error} simple
‘practical example, €8s limitations of instruments; need for use of -

“significant figures.

Standard form and its use in dealing with unwieldy numbers, e.g.,
2240 = 2.24° x 10°;0.00427 = 4.27 x 107°

Construcrion of the slide-rule. Comparison of results ‘obtained by
sllde-rule with those obtained by logarithms, during the solution of
examples involv1ng multip11cation and division processes. Purther
use of the slide-rule for obtaining squares and square roots,
comparison Wlth result obtalned from tables. -

ALGEBRA -

Simple algebraic processes. Emphasis en the use of symbols in common
use. The insertion and removal of various forms of brackets, e.8., .

3 x (a-2a(l-p)]. : _

Simple factors and their uses in simplifylng algebraic fract1ons, e.g.,
a’-p? = (a+b)(a—b),x+1 x(l+—0 ‘

Addition, subtraction and multiplicatioﬁ of algebraic fractions, e.g.,
2

-3 Q.EJlJEL“ 3, 50
5x 3pq ‘2 4

E

Indices and their laws. Positive and negative whole number powers.
Powers of teén; common logarithms.

GRAPHS

w =

PloLting of graphs'from eqdatioqs'of thc-fcrhs.j = x + e éﬁd y =

Plotting of graphs from experimental resﬁlts, obtaining information

_ from graphs. Determination of the law from a straight iine graph;

meaning of the slope and the intercept,
The advantages and limitations of graphical presentation.
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FORMULAE

FormaLLOn and solution of simple linear equat1ons.. Transposition of
simple formulae, ec.g., ' B '

R = P{_i—;v-: u + fty Ry + Ro(l + aty).

hvaluatlon of formulae u51ng practical values Linear simultaneous

equations in 2 unknouns.'

MENSURATION

Mensuration of rectangle, triangle, circle, cone, cylinder and sphere.
Practical examples in engineering,

CEOMETRY

- Properties of parallel lines. ‘fhpes of triangles, sum of the angles

of a triangle} similar triangle.
The Theorem of Pythagoras and its applications.

TRIGONOMETRY

Trigonometrical ratios from 0° to 90° (sine, cosine and tangenl);
particular reference to triangles having angles of 30°, 60° and 90°
and of 45° and 90°. VUse of trigonometrical tables. Solution of
right-angled triangles; verification by scale drawings. Graphical
representation of y = sin @ and y = a cos § for angles 0° to 360°

. by projection from a rotating phasor.

SECOND YEAR (T.2)*(60 hours)

10.

TRLGONOMETRY

Sine, cosine ahd tangent of angles of any magnitude; graphical
appreciation of these ratios. Circular measures: the radian,

10

_The relationshlp s 6 tan Q, sin20:+ cos?e = 1.

Simple problems involving these relatlonshlps. Definition of .
cosecant and cotangent, Eurther work involving the graphs of

y. = A sin 0 and y = A cos 0. Plotting and sketching of sinusoidal
functions with variation of magnitude and phase; relationship between

| angular and time scales, Graphical addition of sine waves of differing
magnitude and phase.
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11,

12,

13.

14,

VECTOR

-Resultants obtained by Pythagorab “Theorem, by simple trigonometry
- and by resolution of vectors. Appllcalion of phasors (vectors) in

the solution of electrical prcblemsr

ALGEBRA

Furtﬁer work on iud1ces, fractional powers ‘with positive and negative
valueés, Manipulation of algebraic expressions, such as

V: L
1=vR + (wL - 1)%
_ P

S = ut + 1/2£e241 = ad";

v o '
3/a?p% &V ;ax2 + az + cx2_+ cz;

=g

- = ¥ - 1
mn m-n m‘!+2r'nn+n_Z
The formation and sclution of simultaneous equations involving two
unknowns. Simple electrical circuit problems. The Eormation of
quadratic equations and their solution by factors and by the use of
formulae (without proof), Practical problems involving quadratic
equations, e.g., P = VI + I2R,

GRAPHS

Graphical solution of simultaneous and quadratic equations.
Determination of laws of the term y = ax®j the effect on the shape
of the graph of varying a and n. Solution by conversion to straight
line form by the use of logarithmic paper,

GEOMETRY

The solution of triangles by sine and cosine rules; the area of any
triangle., Problems on heights and distances. Chord, angle and
tangent properties of the clrele; without proof,

Principle of the centering gauge; marking out ethCibEb involving

the lengths aud heights of arcs. The mid- ordinare rule; the determi-
nation of the areas of irregular figures, average value and r.m.s,
value of alternating current waveforms‘ The aréas and volumes of
5pheres, cyllnders and cones., - -
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15, - AIDS TO CALCULATION

Use of the slide-tule and tables for more advanged'problems; checking
- by appropriate calculations. fThe use of logarithms to bases other
than ten, e.g., twoj the binary notation of numbers.
‘Use of calculating machines. '

% This syllabus is identical with the T.2 Mathematics A syllabus in
Telecommunication Techoicians, '

INSTALLATION 1ECHNOLOGY T AND 11 (240 HOURS)

FIRST AND SECOND YEARS {(T.l and T.2)

NOTE: The content of the syllabuses in Installation Technology is intended

to be such that students become thoroughly familiar with the curreunt
'Regulations £or Electrical Equipment of Buildings’ issued by the
Tastitution of Electrical Engineers, and acquire the knowledge
needed for the satisfactory understanding and interpretation of them.
Because the syllabus is intended for Installation Technicians and not
Craf tien students should do sufficient practical work to enable them
to understand the problems involved in designing Electrical Institu-
tions to suit different environments and to supervise the Craftmen
required to carry out the installation. The physical properties of
various materials used for conduits, fittings, accessories, cables
and flexible cords should be studied concurrently with their use in
‘electrical installation., The importance of the variation of the
physical properties of the material with variation in enviroument
should be stressed, e.g., temperature, humidity, fumes.

Introduction to the pasic function and requirements of an electriecal
fnstallacion. Simple description of the electrical supply system;
Grid and Super—-Grid and assiciated power stations; control centre;
sub-stations; bulk supply and distribution. B.C. and a.c. systens,
single and three-phase systems; the advantage of the a.c. three-phase
system; 3-wire and 4-wire distribution systems.

The necessary for regulations and safety of life and property.
Introductory paragraphs, definitions and Part I of the I.E.E.
Regulations. The effect of the Electricity (Factory Act) Special
Regulations - 1908 and 1944 on Electrical Installation Work.
Recomrended supply voltage for domestic jnstallations and for hazardous
situations (for portable and garden tools). Procedure in the case
of electric shock, artifictal respiration.
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10.

11,

Detailed study of Part IL, the tables and appendices of the I.E.E.
Regulations for the Electrical Equipment of Buildings with respect
to the following types of installation: domestic, offices, qchools,
and 1nductri31

Systems of distributlon within the cénsuners itnstallation. Rising

and ring mains. Balancing of single-phase loads ou 3-phase systems.
Distribution boards for power and lighting civcuits.

Earthed concentric wiring. Protection,_fuses, miniature and moutded
circuit breakers, excess current protection, coarse and close protection.

GEUEIal layout of 1lghting and pover circuits including radial and
ring circuits and busbar ‘arrangements. DBeseription and use of Pivicay,
mineral and rubber insulated cables, plain and sheathed cables,
flexible cords and cables. Various types of rigid and flexible
conduits including light and heavy: gauge steel, aluminium and non-
metallic types. The need for and use of. trunking,'risers and ducting.
Fitting, accessories, conduit and trunking., Bell and Cell” circuits
including indicators; assoc1ated trausformet operated systems,

General apprec1ation of 1nsta11ations requiring spec1al con31deration,
e.g., outdoor 1nstallat10ns, systems’ subJect to extremes of temperature
and other industrial hazards,

The physical properties of metals and insuléting materials ‘used in
electrical installations and:associated equipnent Application to
cables, conduit etc. Causes and prevention of corr051on.

Effect of temperature and humidity. :

Metal jointing by soldeiing, crimping and brazing, solders and spelter;
precautions to be taken with electrical.connections,

Jointing of metals and {nsulating materials; welding; nuts, bolts and
rivets; adhesives. Wall and floor fixing screws, bolts, saddles ete.
Cable joints and terminations. ‘

Description, use and jointing of mains and distribution cables,
including paper-insulated, for medium voltages.

Installation and maintenance of secondary cells' lead- acid, alkaline
and zine-air cells; charging devices and circuits.: Secondary and
emergeacy lighting systems. Earthing systems! earth- ~-loop impedance,
current and voltage-operated earth- -leakage circuit—breakers, me thod
of testing. .

Insulation, continuity and polarity tests on an installation.l“
Use of insulaition and conductiV1ty meters, simple fault diagnosis.
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12. Behaviour and uses of different types of a.c. motors and generators.
Simple_theoty of a.c. and induction motors, Starting methods and
civcvit diagrams., KVA rating ‘'of a.c. plant, power factor; use of
capacltors to improve power factor. Types of domestic water and
space heaters, installation and control. '

13. Preparation of requisitions for wiring materials required for an
' instaltation, Correct nomenclature. - : '

14. Lighting. The meaning of the candels, the lumen and the lux.
. Simple cale¢uvlations involving the invers square law and cosine law.
Types of incqndescent aud discharge lamps, including the ratings of
light output and efficiency. Circuitry and principles of operation.

SKETCHING AND DRAWING

NOTE:Particular attention should be paid to sketching. At the end of the
course students should be able to make intelligible dimensioned free-
hand skerches on square paper and te read drawings normally encountered
in electrical installation work. Drawings should be dimensioned in
British or metric units.

Introduction to orthographic projection and scale drawing.

Freehand sketching including dimensioning of components such as
switches, fuses, distribution boards, brackels, screw threads, and
types of screws aund bolts, including dimensioning and lettering.
Drawing and sketching of distribution panels, frameworks and equipment
layout. interpretation of simple engineering drawing and architect's
plans and layouts. Preparation of 'as fitted' and record drawings.
Drawing of wiring and circuit diagrams. The use of B.S. graphical
synbols (appendix 8 of the 1.E.E. Regulations for the Electrical
Equipment of Buildings). Block, schematic and sequence diagrams.
Freehand sketching of single and multiple sine waves of different
phase and frequency.

{ECHNICAL REPORTS

NOTE:It is important that a technician should be capable of communicating
efficiently with technologists and with craftmen, and in order to
develop such skill he must undertake a serious study of various wethods
of communication. The following broad syllabus been prepared for
technical reports. This syllabus should be spread over two years.
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The uuderstanding of the 1.E.E. Regulations for Electrical hquipment

of Buildings is 1mportant to Electrical InstallatiOn Techniciaﬂs and
they should be used freely in exercises chosen to illustrate the

syllabus content.

'Different wethods of ccmmunlcéflon, the use of the éﬁokeh word, .

participation in léctures, debates and discussions. The written word
note taking and the expansion of notes to forma report; letter—writ1ng.
Summarizing and indexing, preparation of precis. Use of tables, graphs
and charts in reports. Comprehension and interpretation of the 1.E.E,
Regulations for the Electrical hqu:pment of Buildings} Codes of
Practlce, Factory Acts, etc,

Each student to’ prepare a 1 500- 2 000 word report 1nvolving the use
of library, catalogues, etc. .
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285 - ELEGTRLCAL. INSTALLATION TECINICIANS - FOURTH. YEAR
PARY 11

ELECTRLCAL, ENGINEERING PRIKCIPLES II1%
THIRD YEAR (T.3)

1. D.C. MACHINES

~ Introduction to d.c. machines as an energy converter by reference to
previouvs work on production of e.m.f. by movement of conductor in a
magnetic field {e = B.).v.) and Force on a cyrreatr carrying coundudtor
in a wmaguetic field {F = B.1, 1) The nced for a commutating device
L0 ensure uni- directionat output or a reversal of current direction;
‘only very simple constructional details to be considered.
Mode of operation of the machine, depending upon the direction of
the armature current and its relation to the direction of eleciro-
‘mechanical cnergy conversion, V¥V =E IaRa related te the divection

of armature current. Equation for generated e.m.f., the effects of
lap or wave armature winding on the magnotude of e.m.f, and armature
current. {(Developed armature winding diagrams are not reguired.)
Equation for motor torque. Field ciycuit connections and associated
machine chavacteristics (developed from Eand and fa¢la}: shunt and
compound generators, self-excitation and causes of Tailure to excite;
shunt, series and ¢empound motors. Control of generated e.m.f. by
field resistnace, Simple control of speed by field and armature
circuit resistnace variation and by armature voltage variation.

2.  BEIMORK THEOREMS

Concepts of constant voltage and constant curreal souvrces,

- The theorems of Maxwell, Thévénin and Norton and their use in resolving
resistive networks into their simplest equivalent form. Maximum pover
transfer theovew (resistive compoaents only); matching of lead to
source using transformers. Concept Lo ianput and output resistance.

3. ALTERNATI&G CURRENT CIRCULTS

Series and parallel circuits; power and power-— ~factor. Simple treat-
ment of effects of frequency variation on inductive and capacitive
reactance, and hence the change of impedance, power and power-factor
of a serles R, L, C, circuit.
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Impure componeuts, loss angie and relationship between - loss angle and
pover-factor, Series resonance with constant grequency variable
reactance and constant inductancelcapacitance with vatiable frequency,

'currentlfrequency curve, effect of variation of resistance‘ voltagcs

developed across components; O-factor. _
Resonance of a parallel circuit with L adnd R in one’ ‘branch and G only

in the other. (Note: Phasor diagrams supported by trigonometrical

and graphlcai nethods should be used for the solution of problems,
particuiar attention being given to the in-phase and quadrature
components of the current.) Power-factor improvement using static
capac1tors.

D.c;'TRANSIENTS'

- Growth and decay of voltage in re51stance capacitance circuits' time -

constant. Growth and decay of current in resistance~inductance .
circuitsi time constant, Students will not be expected to reproduce
proofs of devivation of fornuiae. =

This sullabus is identical with the 7.3 Mathematics syllabus: of the
Electrical Technicians' Course.

THREE~PHASE SUPPLY

Nature of a 3-phase supply and its use in generation, transmission
and distribution. Star and delta connection of a voltage source
and of a balanced load; phase and magnitude relaticnships for line
and phase current and voltage. 3-phase, 3-wire and 3-phase, 4-wire
systems. Calculation of power in balanced 3-phase systems.

TRANSFOQRMERS

Single-phase transformer, essential features of c0nstruction.

Operation on no-load, considering primary winding anly: and treating

it as a reactorj phasor diagram for this condition,:

Expressions for induced e.m.f.'s in primary and secondary windings
respectively; volrage per turn"voltage, current and turns ratfos,
Nature and effect of iron losses and methods of minimizing these
losses; efficiency. Effects of secondary loading on primary currcnt
and power-factor; simple phasor diagram.
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7. INSTRUMENTS AND MEASUREMENTS

The electro~dYnamic.instrument;'basic construction and operation as
a wattmeter. Alternative wattméter connections in a single-phase
in a single-phaseé circuit and corrections to be applied. . '
Instrument grades and expected érrors. Choice of instrument.

~ Use of instrument lransformers to éxtend the range; wethods of
“connection. - Appreciation and use of multi-range and mul ti-purpose
instruments. Siwple treatment of principles of operation of cathode-

_.ray tube and use for visuval demonstration of voltage and current,
Resistapcé_méasutémenf; revision of principle of Wheatstone bridge,
use of a commercial d.c. potentiometer and its applications.
Cpnstruction'and operation of ohm-meter; insulation resistance and
continuity tester.

©'8.  TYPES OF AMPLIFIER

Function, application and specification of veltage and power amplifiers
of the following types: low frequency, wide-band, d.c¢., tuned, ther-
mionic, solid-state, magnetic and rotating (precise details are not
required).

MATHEMATICS 11L%

1. ALGEBRA

Further work on factors, indices simplification of fractions and
transportation of formulae. The formulation and solution of simul-
taneous equations involving more than twoe unkaowns, e.g. electrical
circuit networks containing several branches or meshes.

Logarithmic equations; their formation and use. Natural logarithms.
The relationship between natural logarithms and common logarithms.
The graphical representation of eX and e™X, Application to practical
Problems.

2. TRIGONOMETRY

Further work on ratios of angles of any magnitude; checking by

reference to sketches of the functions; applications to electrical
- problems., Graphical and mathematical represnetation of a cosine wave

as a displaced sine wave, Summaring of e.m.f.'s acting in an electrical
circuit by the use of the identity a sin 6 tb cos 8= r sin O fa;
checking by use of reasonsbly accurate sketches.
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Vector and graphlcal addition of sine waves of differing magnitude
and phase. The ldentitles of sec?B® = 1 + tan 8 and cosec?A = 14 cotzA

=-and their applications. The expansion of sin (A B), cos (A +'B),

ran(A * B) The double angle formulae,

sin2@ = 1/2(1 - ¢os 29) and cos?e = 1/2(1 + cos 20)
Simple .trigonometrical equations and multiple solutions where

approprlate.

This syllabus is identical with the T.3 Mathematics Syllahus of the
Electrlcal lechnlcians Course, .

GﬁAPHS

The plottzng and sketching of more dxffxcult trigonometrical functions,
e.g. ¥y = tan B, y =asinnd, y=a cos nB

y = a cos{(20 t.a)f = T 51n (G ;'a)

Plotting of growth and decay curves.

DIFFERENTIATION

Graphical consideration of rates of change. Slope at a point on a
curve. Practlcal applications such as velocity, acceleration and
induced e.m.f.'s as rates of change. Differentiation by first
principles of simple expressions, e.g.'y 2x + 3,z = 3q2,
Differantiation of ax™ by rule.

Differential coefficients of sin B, cos B, ekx and lnx..
Differentiation of expressions involving produets and quotients.
Introduction to problems involving maximum and minimum values with
discrimination graphically or: by consideration of an differential
coefficient. Practical examples, .

INTEGRATION

The reverse process of differentiation -and its application to ;
functions of the form ‘ :

1 N .
ax + b, axn, S ckx, sin G, cos S, sin 0, cos B

The 31gnificance of the constant of integration in practical problems
involving, for example,’ velocity and accéleration, . The definite
integral. The use of integration for determining the area udder a
curve and the r.m.s. value of a sine wave. Comparison with results
obtained by use of the mld-ordinate rule.
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INSTALLATION TECHNOLOGY IYI AND IV |

TIIRD AND FOURTH YEARS (T.3 and T.4)

NOTE: Reference shduid bé_made?thfdughoutfto the current I;E.E..Régulations
and to rélevant Codes of Practice. :

1.  CABLES AND BUSBARS .

_'Comparison in detail of copper and sluninium conductors for cables
.'and busbars including economic considerations. Rating of cables and
‘busbars; effects of voltage-drop, temperature, grouping, coatrse and
close protection. Installation and termination of cables up to and

. including 11KV and of wmedium-voltage overhead lines.

2.  ELECTRICAL MACHINES. AND A?PARATUS

Selection of correct equipment, foundation plamrs, mounting and lining
up of machines., -Types of enclosure. Methods of starting and speed
conkrol of induction, synchronous and a.c. commubator morors.

Ward Leonard speed control. Application and control of mercury arc
and seni-conductor rectifiers. '

3. LIGHTLING

A comprehensive study of the electric light sources available.
Planning and design of lighting schemes for internal and external
application, Lighting, fittiags and polar curves. Point source
calculations, inverse square law, cosine law. Luminous flux wmethod,
coefficient of utilization, depreciation and absorption factors.
[.E.5, glare index.

5. HEATING

Planning of sbace and water heating schemes using all types of electrical

heating. Caleulation of heat losses and power required. Comparison
with other forms of heating including economic considerations.

5. CONTROL SYSTEMS

Appreéiatiou of open and closed loop systems; simple applications,
e.g., central heating and air-conditioning systems.
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1G.

11.

1z,

TESTING

TTac1ng ‘and remedying of faults in installations, cables, machines
and associated equipment. Reporting on installation conditién.
Test certificates. High-voltage testing of cables and equipment,
Comm1351oning of plant.

TARTFFS

Con31deLat10n of typcs in common ‘use. Choice of most advantégeous e
tariff for an installation. I ' E

SPECIAL INSTALLATIONS -

Special installations:

{i) in ekplosive or hazardous situvations

{ii) farm and horticultural  installations : -

{iii) fire alarm systems including fire detection systems

(iv) temporary installations and: installations on construction sites
(v) caravan sites and caravan installations

(vi) standby sources of supply and their automatic operation.

LIGHTING PROTECTION

Protection of bwildings; bonding and earthing arrangements. for
protective systems.

CORROSION

Causes of and protection against corrosion. Cathédic protecticn;
design and installation of systems., :
MAINTENANCE

Installation design aspects i{n relation to maintenance, accessibility;
planning and economics of scheculed maintenance,

PLANNING

Programme requirements including contractual obiigations. Critical
path analysis and bar-charts, Integration with other trades. '

Phased delivery of materfals to site, - Programming of labour:
requirements, ' ' : '
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13. ESTIMATING AND TENDERING

Take-off and pricing of materials, plant and labour for an installa-
tion. Calculation of labour rate for a given site and for a particular
ser of circumstances: Contracts and sub-contracts in common us
including R.1.B.A., I.E.E./MECH.E., C.C.C./WORKS/L. Lo

14. SAFETY.

‘Industrial safety. Safety on sites, legal obligations (see 'Supervisor's
Guide to the Construction Regulations' published by Ro.S.P.A.).

~ Accident prevention. Methods of dealing with and reporting site
_accidents, s -

15. SLTE ADMINISTRATLON

Labour relations including a working knowledge of the National Working
Rule. Agreement; statutory health and welfare regulations.
. gpecification, drawlings and bills of guantities.

Dayworks and variations, wethods of recording and pricing. Increased
costs and site instructions. Valuation for interim payments.
Preparation of final accounts fot installations,

Records and 'as firted' drawings.

MATHEMATI CAL_APPLICATIONS (INSTALLATION)

FOURTH YEAR {T.4)

NOTE: The Mathematics syllabus is for guidance only. It is expected that
students will cover all parts of the syllabus, In determining the
sections to be covered or emphasized, consideration ray be given to
local inductrial requirements.

1. ELECTRICAL NETWORKS

Yormation of equations invelving circulating currents and Kirchoff's
Laws: solution of such equations in three or more vnknowns, e€.g., T
and T networks. :
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¥ ;'1‘;_9 .y = Ae , v = Ve

EXPONENTIAL VARIATIONS
Sketchlng and plottiag of functions such as

-x kt —thR

Solhtibn of simple practiéal problems, e.g, the rise and fall of
current in inducrive and capacitive clrcuits and the risc and fall
of temperdture in electrical equipment. Time constants, their
meaning, determination and use, : '

MAXIMUM AND MINIMUM VALUES

Simple practical problems, €.8., ‘maximun efficiency conditions for
plant. Economic con31derat10ns, e. g., Kelvin's Law. '
AIDS TO CALCULATION AND DATA PRFSENTATION

Use of simple calculating machines. Introductlon to 51mp1e conputer

programming and machine contrél. Use and explanatxon of simple
integrating and d1fferentiatiug circuits. -

FINANCIALI. AND COMMERCIAL CGNSIDERATIONS

Financial records, day books for purchase and sales, cash book

journal; petty cash payment records; ledger accounts of. purchase and
sales. (Interpretation of a balance sheét.) :Profit and loss account
and trading account. Factors affectlng cash flow and 11quidity

Cost accounts; basic principles and relatlonship to financial accounts.
Significance of ratios, e.g., profit to capital empliyed, profit to
turnover,

TESTING METHODS AND RELIABILIiY*

FOURTH YEAR (T.4)

1.

The need for testing., The purpose of Spcciiications.

British Standard Specificatlons,_their aims and uses. Tests to verlfy
consistency of performance and continued satisfactory functioning under
specified enviromnmental condftions. Testing of prototypes, small

and large batch. items. The relationship betwaen testing, inspection,
quality and reliability, :
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Testing techniques, Recarding, tabulat1on, interpretation and

analysis of results, ¥stimation of experimental ervror,

[ostruments. Review of the applications and limitations of eleclrical
indicating instruments; moving- coil, moving—iron, rectifier, thermal
electro~dynamic, valve-voliméter, dxgital display, multi~range aad
nulti- -purpose indicating instruments, Distinction between instrument
types, ‘evg., industrial and precision portable and switchboard,
Sources of etror; shunts and multipliers, - the effect of frequency and
wave form, thé correct choice of instroment. Review of simple pre-
cautions to be observed ‘before taking readings, ec. g., zero-setiing,
instrument positinn, scale factors; checking for mechanical Faults,
Calibration of ammeter, voltmeter and wattmeter against precision
grade instruments (note B.S. 89 recommeridations) .

The preparation of correct1on ‘curves and callbratlon recorda.

o Heasurements. - Review of the neasurerent of low, medium and high
'zre51stnaca, ‘including insulation resistance. Accuracy. factors

affecting the choice of indicating, comparison and null méethods of
resistnace measurement under d.c. conditions. Checking of inductance
and capacitance values using simple four~arm a.ec. bridges constructed
from readily available components in the Maxwell o¥ Pe Sauty configu-
rations. Factors affecting choice of detector, Setting up and use
of a commercial bridge. Miniature a.c. and d.c. motor testing;

use in instrumeatation and control systems.

Logarithmic units. Bel and Decibel. The decibel as defined in
B,5.204(1960). Use of logarithmic units; logarithmic calibration of
instrument scales and controls. Use of logarithwic and polar graph
paper,

Reliability. Importance of Reliability. System complexity, risks
inherent in failures. Definitions. Reliability; mean tiwe to
failure; mean timé between failures. Types of failure; inherent
weakness; misuse; sudden, gradual, parvial, complete, catastrophic
and degradation failures. Periods of failure; early, constant and
waer-out failure periods. The bath tub diagram. Conditions of use.
Effecte¢ of vibration, exposure, etc., in the application situstion
environmental humidily and temperature; assessment of reliability
required; professional and ron-professional applications.

‘Distribution and sampling techniques. Elementary descriptive treatment

of data handling: averages; standard deviation. Normal and Poisson
distributions. Sampling; confidence limits. Reliability expressed

in the form R, = e" Y™ Ipnstallation. Effeets of installation faults
on reliability. Operability. Failures due to incorrect operation;
basic concepts in the best presentation of information and correct

‘positioning of controls. Maintainability. Definitionj importance
" of high availability; basic concepts of good maintainabilfity.

Operational failures. Importance of accurate interpretation and
reporting. Cost, Relationship between reliability and cost; concept

of total cost.
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10.

il.

12,

13,

L4.

Hcasurement of single phase power, choice-of alternative vattmeter
connections, allowance for cirrent and voltage coil losses,
Extension of instrument range by use of current and voltage. trans-
formers. Precautlons to be observed

The measurement of electrlcal poWer, reactive volt—amperes and energy

“using the induction type 1nstrunent, extension of range,

Accuracy check on watt-hour meter using wattmeter, stop. watch and
phase-shifter. Determination of inductance and capacitance by
rmeasurement of watts and volt-amperes. The measurement of power and
reactive volt-ampers in 3-phase, 3-wire and 4-wire circuits. with
balanced and unbalanced loads. Frequency measurement using modern
frequency meters, C.R.0., or C.R.0. with [.f. signal generator.,
Testing of SynChIOSLOPES, power—factor and phase- angle indicators.

Speed measurement by 1evolution counter and stop - watch tachometcr'
and tachogeneratcr. “The stroboscopic principle and . its use in- -~
speed measurement. The commercial stroboscope, Comparison of- methods
and of accuracy.  Measuremént of high speeds, e.g., of very small
fractional h.p. motors used in servo—mechanisme.__r :

Temperature rise tésting. Comparison of methods using thermo-couple,
change of wrnd1ng resistnace, mercury-in- -glass thermometer,

Embedded sensing clements. Effect of siting of sensing elements on
accuracy of results. : .

Tests to obtain the overall efficiency of d.¢, motor and generator
transformer and induction motor. Torque- sllp curves of induction motor
by brake test.

Recommended mechanical and electrical tests to be made on suspect
equipment before connecting to supply. The C.R.0. and its use to
display waveforms for voltage measurements and as a bridge detector;
photographic recording. :

Simple valve and transistor tests using commercial testing equipment.
Elementary testing of simple valve and transistor amplifiers._

Simple fault-finding. Measurement of voltage and power gain.

Use of 1.f. 51gnal genérator and valve- voltmeter. :

Earth continu1ty and bonding tests to determine the effectiveness

of the ecarth connection.
Simple fault location.
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CONSUMER DISTRIBUTION SYSTEMS
FOURTH YEAR (T.4)

1. HIGH VOLTAGE SWITCHGEAR (up to and including 11KV)
.C?nstruction, operation and comparison of oil-immersed, air-break,
air and gas-blast types of circuit-breaker.

2. MEDIUM VOLTAGE SWITCHGEAR
Chiaracteristies and operation of high breaking capaéity fusegear,

air and oil-break switches and circuit-breakers, moulded case and
mimiature circuit-breakers.

3.  TRANSFORMERS
Types_ of distribution transformers in common use, appreciation of
economic and environmental factors affecting selection for various
applications, Types of 3-phase connection.
Buchholz system of protection.

4. METERING

Systems and connections.

5.  SUB-STATIONS
Layouts including earthing systems and neutral earthing methods and
arrangements. Earth electrode resistance, Protective multiple
earthing. Safety and fire precautions. Health hazards.

0. PROTECTION
Common forms of protection of consumers! installations for over-—current
reverse current and earth leakage including pilot systems.

7.  DISCRIMINATION

Effect of the requirement for discrimination of protection on the
layoul of an electrical installation.
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RATING OF EQUi?MENT

Short circu1t and time calculations on rating of equipment and circuits.
Percentage reactance and impedance,

MEDIUM AND HIGH-VOLTAGE CONSUMERS DISTRIBUTION METwoRKs

Appreczat1on of and calculation of loads and. faulc levels at various

points on coansumers networks. Economic consideration of selection
of high or medium voltage distribution for various appiications
and fauir levels. Parallel operation of transformets and cables.
Voltage drop within a nétwork; regulat1ons
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ELECTRICAL INSTALLATION [ECHNICIANS

IN-PLANT ngg;tCE_

___THIRD YEAR

MACHINES: A.C. & D.C.

Routine maintenance of mach1nes.

Stripping down, cleaning, testing, painting
(renewing insulation damaged) refitting.
new bearings, Undercuctting of commutators
after skimming, rebedding of brushes.
Grinding for sliprings and rebedding
brushes. Correct grade of brushes: to

be fitted - Mounting and linlﬂg up on

new machines, Rectiflets. -

DURATION IN WEEKS™

5 WEEKS

(mmﬁsjﬁbﬁquﬁg

Selectlon of copper and sluminium conductors
for cables and busbars (including economic
con51derat10ns) " Rating of éables and
bushers - effects of voltage - drap,
temperature, grouping, coarse and close
protection {the use of the I.E.E. tables).
Iastallation and termination of cables

up to and including 11KV and of nedlum
voltage over head lines.

Different lighting systems and their
calculations e.g. planning for internal
and éxternal,

SPECIAL INSTALLATIONS

‘Explosive or hazardous situations, - farm
-and horticultural installations, fire alarm
 systems including fire detection systems -
témporary installations on construction -
sites. Standby sources of supply and their
avtomatic operation, lighting protection
of buildings.

3 WEEKS

4 WEEKS

8 WEEKS

TOTAL NUMBER OF WEEKS ALLOCATED

20 WEEKS
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ELECTRICAL INSTALLATION TECHNIGTANS _ FOURTH

VeAR

IN-PLANT PRACTLCE

1.

ilabour rate.
" Programme requ1rements 1nc1uding contractual

" charts. - Integration with other trades.

'DURATION 1N WEEKS

ESTIMATI&G AND TENDERING — PLANNING - SAFETY'

Take off a priclng of materials, plant and
1abour for an 1nstallation - Calculation of

Contracts and sub- contracts 1n comman’ use,
obligatious. Critical path analysis and bar
phased delivery of materials to’ 'site -

industrial safety on sites - legal obligations
- accident preventlon.—

HIGH AND MLDIUW VOLTAGL SHITCHCBAR '

Construction, operatlon and conparison of
oil-immersed, air and gas - blast types of :
circuit breakers. Famlllarisation of :
characteristies and operation of high breaking
capac1ty fusegear, air and oil- break switches
and circuit - breakers, moulded ¢asé and Ly

7 WEEKS

8 WEEKS

wminiature circuit breakers = rating ‘of - cquipment. o

- Discrimination of protectlon on the layout of
an 1nstallat10n.

MEDIUM AND HIGH - VOLTAGE DISTRIBUTION NETWORKS =

Appreciation of and calculation of loads and
fault levels. Economic consideration Qf B
selecting high or medium voltage disttibuﬁion.'
- Types of distribution transformers in common
use, - economic and environmental factors '
affecting appllcations. Buchhol z systém of
protection, Metering —'systems and- connections
- protection, common forms of protection, over“
current, reverse current and earth leakage'V
including pilot systems. Substation layouts
including earthing systers and neutral earthing
methods. Earth electrode resistance P.M.E. ~
Fire precautions - Health hazards.

-8 WREKS

TOTAL NUMBERS OF WEEKS ALLOCATED

23 WEEKS
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