A CRITICAL STRUCTURAL DETAILING OF A SINGLE STOREY RESIDENTIAL BUILDING WITH RETAINING WALL

ABSTRACT


This project is mainly concerned with the presentation of information basically on the structural detailing of reinforced concrete members of a story building, in a sloppy land with a retaining wall.  Structural detailing is a branch of structural work that transposes the idea of works of a structural engineer into working drawings for easier utilization in the building construction.  Working drawings are drawings produced by engineers for easy execution of a plan by builders. The drawing also shows the interrelationship between the architectural and the engineering design, it shows all the construction detail properly as they relate to the other with no attempt of separation of diverse materials. 
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STRUCTURAL SYMBOL


The following abbreviations are recommended for structural detailing works:-

Fdn


FOUNDATION

DRG


DRAWING

RC


REINFORCED CONCRETE

CB


COLUMN BASE

Conc


CONCRETE

D/a


DIAMETER

Vert


VERTICAL

AOR


HORIZONTAL

UC


UNIVERSAL COLUMN 

UB


UNIVERSAL BEAM

B.
TYPES OF REINFORCEMENT

R


MILD STEEL BARS

Y


HIGH YIELD BARS

C.
COMMENTS RELATING TO REINFORCEMENT

C


CENTRE LINE



B


BOTTOM


T


TOP

C/C


CENTRE TO CENTRE

CHAPTER ONE


In the building business, there is only one method by which information is sent to a contractor. Designers in the engineering sector communicate to each order by means of drawing and specification. An engineering drawing, which is often carried out by architects in accordance with the design that is provided by a structural engineer, is required before any construction work can be carried out in an appropriate manner. In support of this, Ugwu (2018) opined that the creation of structures like bridges, railroads, dams, roads, and buildings, amongst other things, falls under the purview of a structural engineer's profession. The design is initially conceived in the form of a hand sketch. Subsequently, the design is assembled into a detailed and well-presented working drawing. This drawing is utilized by builders or contractors and is frequently taken to the authority involved for approval. The picture will demonstrate the interconnections between all of the parks that contribute to the overall ground design drawing. Eze (2018) established that there is no attempt made to differentiate between the various materials; rather, all of the overall structural features are depicted accurately as they relate to one another. According to Otti (2017) a  good drawing should provide the following information.

Overall dimension

Interrelationship of material, equipment and the space schedule of finishes

Doors and windows type and sizes

All detailing works developed by the detailer serves a good purpose of standing the risk of sudden of buildings.  It also helps to avoid unnecessary delay of work, which may come up doubts and frequent clarification.

CHAPTER TWO

DETAILING PROCESS


The written instruction and lettering should be clear and concise.  A complete drawing should give necessary information for the construction of a particular work shown and olhit other irrelevant details.  The bars should have as many bents as possible and the details should be simple.


The optimum bar sized in agreement with the design requirements should be used, also the spacing of the bars must be considered in relation with the span of the element.

REINFORCEMENT SIZE


There are recommendable sizes for areas of bars:


6, 8, 12, 16, 20, 25, 32, 40mm. The size of reinforced bars of non circular cross sections are determined by the diameter of circular bars reinforcing bars are available in lengths up to 12m but 8m or 9m is usually pretrable.

NOTATION OF DRAWING

Bars are known by the mark which the bar bear the description is always as follows: bar size, type of steel, bar mark spacing, number of bars and comment on location within section.


The description of a group of bars for instance 10Y 16 – 08 – 150 c/c Bentails 10 numbers of high yield steel bars, 16mm diameter bars, y – high yield bars – 08 – bar mark, 150mm center to center at bottom side of the concrete.

IDENTIFICATION OF BARS


Any set of group of bars is attached with a table which gives the bars attached a type of bars and the spacing.

BAR BENDING SCHEDULE


This is a table that shows the description of reinforcement.  It contains these:

The type of bar

The bar mark

The bar element

The bar shape

The bar cut, length number and total

The bar should be grouped together for each structural element e.g beam, column, slab etc.

TYPE OF DRAWING


Engineering drawing due to the purposes  which it serves comes in types.

GENERAL ARRANGEMENT DRG:
In  the drawing, all the reinforced concrete work are clearly shown, setting out dimensions and sizes of all work, setting out dimensions and sizes of all members to a small scale.

PROFILE DRG:

This shows the drawings of the dimension of elements of a structure e.g. beam, column, slab etc to a large scale.

REINFORCEMENT DRG:
It portrays the finished drawing made by the architect and used by contractors or the actual plan from which the houses were constructed.

DETAILED DRG

DRAWING SIZES


The recommended drawing sizes with measurements in mm are A4 (450 x 600), A1 (600 x 75).

MARGINS AND PANELS


There should be a 24 mm filling margin on the left hand side.  A 10mm margin should be provide on the other three sides for all sizes larger than A4.  The title panel should in clued all the following information:

Job title

DRG Title

Job number

Name of firm

Moreover information panel may be developed vertically or horizontally from the title panel and may include such additional information as scales, drawn by, checked by, notes and revisions.

THICKNESS OF LINE LETTERING AND SIPLING


In general, lines should be about 0.4mm thick but for main reinforcement (0.6mm) and dimensions and center lines (0.2mm).


Reinforcement is shown approximately to scale lettering should be bold and clean and capital letters should be used for titles.  The spelling of words should be in accordance with their dictionary spelling.

DIMENSION


The general arrangement drawing should provide all setting out dimension and size of members, reinforcement drawing should contain only dimensions which are necessary for the correct location of the reinforcement.  Dimensions should be readable when viewed from either the bottom or the right hand side of the drawing.


The recommended unit for a site layout and general arrangement drawings is in meters while for detailed drawings.  The millimeter is preferable.

SCALES


There a re approved scales for engineering drawing they are:

Site layout and simple general arrangement – 1:200

General arrangement drawing – 1:100, 1:50

Floor plan – 1:75, 1:100, 1:50

Foundation plan – 1:75, 1:50, 1:100

Elevations – 1:75, 1:50 

Construction details – 1:20, 1:10

Cabinet details – 1:50, 1:25

Wall sections – 1:20, 1:10

Details of connections, hinges etc – 1:5, 1:2

PLAN


Plan should be drawn as transverse section through all structural members immediately above portion of structure under consideration.

ELEVATION


Elevation should be drawn as vertical section immediately adjacent to the element under consideration.  Structural members cut by this section should be shown in full lines and members behind sections in broken lines.

SECTIONS


Section should show only material cut by selection plan.  The dimension of section should be on the left for the beams and downwards for columns.  The section should be drawn as close as possible to be described by letters, readable from the bottom of the drawing.  Section through concrete on drawings may be shown as lightly shaded areas.

GRID LINES


These provide a reference system for the beams and columns.  It is convenient to commence from top to left corner of the drawing using letters for one direction and numbers for the other.


Grid lines do not necessarily have to be structured or at right angles to each other but should be sufficiently closed for the reference to be obvious.

EQUIPMENT

Drawing board and Tee Square 

Drawing sheet/paper

Pencil and drawing pens

Scales

Tracing papers/sheet

Protractor

Drafting table

French curve

Pair of compass 

Rulers

Eraser/cleaner

CHAPTER THREE

RETAINING WALL


Retaining wall is a structural construction that is use to hold the earth pressure.  It act as an earth retaining structure for eh whole or part of its light on one face and the other being expose to the element.  Although retaining wall are of different type which some of it are as follow.

SMALL HEIGHT KETAINING WALL


They are build entirely of bricks work or a combination of brick facing.  To reduce hydrostatic pressure on the wall from ground water an adequate drainage system in the form of weep holes should be used alternatively sub soil drainage behind the wall should be employed.

CANTILEVER RETAINING WALLS


These are constructed of reinforced concrete with an economic height range from 1.200 to 6.00 they work on the principles of leverage where the stem is designed as a cantiler fixed at the base and base is design as a cantilever fixed at the stem.  Several formant are possible and in most cases a beam is blaced below the base to increase the total passive resistance to sliding.

RETAINING WALL FOR BASEMENT CONSTRUCTION


This is the general formant for basement construction and consist of a slab raft foundation which form the basement floor and help to distribute the structural loads transmitted down the retaining walls.

CHAPTER FOUR

PROJECT

Engineering detailing of as ingle story residential building with retaining wall.

Design Code:
CP 110

Sub soil condition:
Good

Foundation Types:
Pad footings and raft

Material data:
1:2:4 (Grade 20)

Steel:
High yield and wild steel

Fire resistance:
1 hour for all element                                                                                 

CHAPTER FIVE

ENGINEERING SPECIFICATION

FOUNDATION:
NUMBER REQUIRED:

SIZE (1050 x 1050 x 300)mm for all foundation wall

225mm solid block wall

Foundation wall footing (675 x 225)mm

Main bars R12 – 150 c/c

STARTERS Bars:
4 Y 16

Column number specified: 19

Types of column:
2

Size:
For square column base (1125 x 1125)mm


For circle column base (1500 x 1500)

Main Bars:
4Y 16 from foundation to floor slab.




6 Y 16 from foundation to floor slab




4 Y 12 from kicker to first floor slab




6 Y 12 from kicker to first floor slab




4 Y 12 from kicker to the root




6 Y 12 from kicker to the root

FLOOR SLAB

MARS SLAB:
Y 12 – 150 c/c




Y 12 – 200 c/c

Y 10 – 250 c/c (distribution bars) distance also varies.

BEAMS


NUMBER SPECIFIED

SIZE:
(225 – 8175)   MV uniform


Main Bars:
2 Y 20 for spans > 400mm


3 Y 16 for spans < 400mm


2 Y 16 for spans < 500mm


3 Y 16 for span > 500mm

LINKS:
R 6 – 150 c/c from support



R 6 – 215 c/c from normal spacing (20 dia)



R 6 – 300 c/c for normal spacing (16 dia)

Hinger bars:
2 Y 16

Top bars:

2 Y 16

STAIRCASE

NUMBER SPECIFIED:
3

Staircase No 1 lead from basement to ground floor plan with equal rise at 200mm = 1600mm

Stair case No 2 lead from ground floor to basement story with 10 equal rise at 200mm = 1650mm staircase No 3 lead from the first story basement to the first story of ground floor with 11 equal rise at 200mm = 1600mm.

Distribution bars:
Y 12 – 300 c/c.

CHAPTER SIX

DETAILING OF THE ELEMENT FOUNDATION


A 1:10, 1:20, an appropriate foundation base is used to produce an enlarging drawing sharing the length and the width.  The tensile reinforcement is represented with thick lines which include the 30mm concrete covers.  Usually, tensile reinforcement is represented by one each on both the vertical and horizontal direction.  The faint lines shown along both the length and width of the foundation base excludes the 30mm cover with arrowhead, described the reinforcement.  You will get the position of the reinforcement if you cut out a section from the bars, it will show how the column rises out form the base and you will see that the reinforcement is placed first, follow by the distribution bars it protrudes to a height of 1725mm from the base including kicke. The starter bar is provided with a lap at 75mm after the over site concrete.  A line is drawn from the bar for the descript ion links are also space at a distance of 1500mm c/c from the foot of starter bar to the foundation slab. 

COLUMN


Columns used are 2 with different size and shape, round and square.  They are vertical members and equal through out their length.


Generally reinforcement used for the column decreases as t he loading reduces towards the t op of the building.


In the section, only 2 longitudinal bars are drawn on the thick line to represent the others.  The bar usually start from the 75mm kicker slitly above the over site concrete and either end or continue above the head room at 3000mm.  A line is draw from the bar for description.

KICKER


Kicker is a square or circular cross – section concrete cast at the top of the slab with size equal for easy placing of the frame work.  This is also provide to reduce the risk of column fitting from vertical.  The height is usually 75mm.

BEAMS


These are the horizontal members usually of rectangular shape.  They are exactly the same as the columns that support them and their depth usually included that of the slab.  The beam have tensile reinforcement at the bottom and links provided to resist shear forced across the depth of the beam.

The beams are detailed in elevation with section cut to show the position of all bars and the shape of the links.  The slab is supported by the longitudinal and transverse beams running in both directions.


In the detailing of the beam, each beam is referred to by the gridline on which it is located.  The out line of the beam and the supports are drawn on faint lines.  The effectiveness is usually from the center of the supports.  The tensile reinforcement is drawn in thick line at the bottom part of the beam excluding the 30mm cover.  A line is attached for the description of the beam.  The hanger bar is also provided on the path of the beam excluding 30mm cover to distribute the links.  A line is attached to the bar and described.  The links or binder are represented using a vertical line usually ¼ span from both support and ½ span at the middle is spaced normally.  The formular for normal spacing is (075d) where d = (in cover – 1/20). A label also attached and the bar is described.

SLABS


They are usually designed in similar to that of beams except that slabs usually reduced depth in compression to beam and deflection if more pronounce to the slab.  It is beams that support slab, they are usually cast together with the supporting beams.


In detailing of slab, the first floor plan is drawn using 1:50, or 1:100 and position of the column shown in square or circle shades. The columns are usually located where two or three walls meet at the edges.  The slab tension reinforcement are placed based on the CP 110.  It requires that the main tension reinforcement should be placed based in such that reinforcement within the middle of the span is twice that nearer to the support.  This is owing to the fact that deflection is maximum at the mid span and zero at the support.  The reinforcement is placed at a stop of 0.1 spans so that both can be lapped together.  He bar, which starts from the edge is provide with a compression lap length of 600mm.  A line is drawn from the center of the two bars that are to be lapped excluding 30mm cover and reinforcement described the distribution bars.  Top bar are placed in the slab where they grosses interval wall be counteract negative bending moment and distribution steel to keep them in place.

STAIR CASE


Staircase is a sloping slab upon which series of steps are been cast.  It is usually constructed after the first floor slab has been cast and continuation bars project out.  The foundation of the staircase is usually 450mm deep including the floor slab thickness. In the detailing of the staircase, the plan of the staircase is drawn out.  A tensile reinforcement is shown starting from the middle of the first step up to the support and compression lap provided.  A table is attached to describe the bar.  Distribution steel is provided to describe the tensile on reinforcement.  A line is also attached to describe the bars.  Top bars are also placed beneath the compression laps.  The same process continues to the other.


Staircase can be defined as a series of steps t hat will enable us move from one floor to another in building (going + riser + waist = staircase) + hand way.
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