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CHAPTER SEVEN: OPENINGS IN WALL

DOORS AND WINDOWS

DOORS
Door may be defined as an openable barrier secured in wall opening provided to give access to various internal parts of building. It is the means of access into and out of building and interior spaces. It must be large enough for easy movement of people and furniture. External doors when closed must have some insulating values. Ease of operation, privacy and security requirements, possible need for light and ventilation and appearance are taken into consideration while designing doors.
Commonly used standard doors consists of door frame and door shutter. Door shutter is held in position by door frame and frame is fixed in wall by means of holdfasts.
External doors: 2100-2500 x 900/1000-1800/2000mm and 45mm thk., should have good insulating values
Internal doors: for access through internal walls and partitions, thinner than external doors i. e. 25-38mm

Door frames: 

· assembly of horizontal and vertical members forming an enclosure, to which door shutter is fixed
· vertical member: post

· horizontal member: head

· rebate cut all around frame to receive shutter

Door leaf:
· leaf hinged to shutter fixed into rebate

· one leaf, double leaf, single or double swing and also sliding and folding

Door Types (according to material used)
1. Timber Door
2. Steel Door

3. Aluminum Door

4. Concrete Door

TIMBER DOORS
Types of Timber Doors
1. Matchboard Doors
2. Flush Doors

3. Panelled Doors

Matchboard Doors
· use of batten boards to form shutter

· battens are tongued and grooved and fixed together by horizontal ledges, bracing and framing

· bracing are fixed with V joints

· used for sheds, stores, garages, etc. where appearance is not important

Types of Matchboard Doors

a) Battened and ledged doors

b) Battened, ledged and braced doors

c) Battened, ledged and framed doors

d) Battened, ledged, braced and framed doors

Battened and ledged doors

· formed of vertical bonds called battens, tongued and grooved and fixed together with support called ledge

· simplest type and for narrow openings

· battens: 100-150mm wide and 20-30mm thk.

· ledges: 100-200mm wide and 25-30mmm thk.

· provision of top, bottom and middle ledges

· use of T-hinges

Battened, ledged and braced doors

· improved version of battened and ledged door with provision of braces to give more rigidity

· can be used for wider openings
· braces: 100-150mm wide and 25-30mm thk.

Battened, ledged and framed doors

· also improved version of battened and ledged doors with provision of frame
· two vertical members known as styles are provided

· styles: 100mm wide and 40mm thk.

· ledges provided as usual

· style thickness is equal to thickness of ledge plus batten

Battened, ledged, braced and framed doors

· modification over battened, ledged and framed doors with provision of additional bracing to increase strength and durability
· braces housed into ledges at about 40mm from style

· used for larger openings to garages, factory entrance gates, etc.

Flush Doors

· have plain surfaces devoid of any decorative moldings that will collect dust
· simple but pleasing in appearance

· less costly but better strength and greater durability

· surfaced with sheets of boards or plywood fixed to either cellular or solid core backing
Types of Flush Doors

a) Solid Core / Laminated Core Flush Doors
b) Hollow and Cellular Core Flush Doors

Solid Core / Laminated Core Flush Doors

· consists of wooden frame containing styles and rails and holding core
· either core strips of timber glued together under pressure or block board faced with plywood

· in laminated core: 25mm wide strips glued together
· backing core is housed in outer frame having styles, top and bottom rails

· frame not less than 75mm wide

Hollow Core and Cellular Core Flush Doors

Hollow Core
· frame made up of styles, top and bottom rails and min. two intermediate rails, each of them min. 75mm wide
· void is limited up to 500 sq. cm.

Cellular Core
· frame made up of styles, top and bottom rails and min. two intermediate rails, each of them min. 75mm wide

· void is filled with equidistant battens of wood, each min. 25mm wide
· vertical and horizontal battens in void not exceeding 25 sq. cm.

Panelled Doors

· strong and gives better appearance
· consists of styles and rails with panels in between
· groves are made along the inner edge of frame to receive panels

· panels made of timber planks, plywood, blocks boards, glass, etc.

· multiple panels is possible
· further sub-division of panels with vertical mullions

· single or double leaves doors

· additional timber beading for improved appearance

· bottom rails are made wider

· width of style: 100mm, width of rails: 100mm and width of bottom rails: 150mm

WINDOWS
Windows are openable vented barriers secured in walls to admit light, air and view. They must be weather tight when closed and have insulation values. There are many types/sizes of windows and the choice of which affects:
· physical appearance
· natural lighting

· ventilation

· potential views

· spatial quality of interior spaces

In general, windows also have two major parts namely window frames and window shutters. Windows are made from timber, steel, aluminum, etc.
Window Type (depending upon its operation)
a) Fixed light
b) Opening light

Fixed light
· glass sheet fixed and no part of window will open
· sole purpose is to admit light and providing vision

· fully glazed shutter
Opening Light

· whole or part of window can be opened by being hinged or pivoted to the frame or even can slide
Classification of opening light windows (according to its operation)
· side / top / bottom hung
· horizontally / vertically pivoted

· vertical / horizontal sliding

· folding

Timber casement window
· main and common type of window
· shutter of window opens like shutter of doors

· frame rebated to receive shutters

· shutter consists of styles, top intermediate and bottom rail

· styles are also rebated to receive either glass or wooden p[panels

· also can be double shutter and outer shutter having wire mesh for protection from flies

Timber sash / glazed window
· panels fully glazed

· shutter consists of styles, top and bottom rail

· mullion and transom for further sub-division of frame

· space between rails is divided into smaller panels by means of sash bars / glazing bars

· styles, rails and sash bars rebated to receive glass panels

METAL DOORS / WINDOWS
· use of mild steel (MS sections) for frames and shutters

· used for strength and low cost
· commonly used sections are angle sections, Z – sections, T – sections and channel sections

· fit directly to masonry opening

· no load of wall should be transferred to the window
· joints are welded while making frames and shutters

· frames are secured to the walls with hugs / ties bolted to back of frame through a slot

Advantages of MS sections

· factory made – greater precision and better quality control
· quality control

· durable than wooden windows

· maintenance minimal

· elegant to look at

· weather has no adverse effects

· rot and termite proof, does not decay in alternative dry and wet conditions and no insect attacks too
· fire resistant

· larger glass are is available due to slender members used

Disadvantages of MS sections

· high thermal conductivity – condensation forming on the frame
· regular painting required

ALUMINIUM DOORS / WINDOW
· use of aluminum sections confirm to standards
· joints are mechanically fixed

· both sliding and openable

· shutter has special locking

· rubber gaskets used to fixed glass panels to shutters

Why aluminum?
· aluminum does not decay
· light and strong

· modern material for use in modern buildings

· environmental protection

· more glass are available

· elegant finish

· negligible maintenance

ARCH
Arch is a structure constructed of wedge shaped units (bricks or stones) joint together with mortar and spanning an opening to support the weight of wall above it along with other superimposed loads. Due to wedge like form, units support each other, the load tends to make them compact and enables them to transmit pressure downwards to their supports.
Terms used in Arch

1. Intrados or soffit: inner curve of arch

2. Extrados: outer curve of arch

3. Voussoirs: wedge shaped units of masonry forming an arch

4. Crown: highest part of extrados (arch)

5. Key: wedge shaped unit fixed at crown

6. spandrel: curved triangular space formed between extrados and horizontal line through crown

7. Skewback: inclined / splayed surface on the abute3ment, to receive arch and from which arch springs

8. Springing point: point from which curve of an arch starts / springs

9. Springing line: imaginary line joining springing points of either end

10. Springer: first voussoir at springing level

11. Abutment: end support of an arch
12. Pier: intermediate support of an arcade

13. Arcade: row of arches

14. Center / skirting point: geometrical center point from where arch is traced

15. Haunch: lower half of arch between crown and skewback

16. Span: clear horizontal distance between supports

17. Rise: clear vertical distance between highest point on the intrados and the springing line

18. Depth of arch: perpendicular distance between intrados and extrados

19. Thickness of arch: horizontal distance measured perpendicular to front and back face of an arch

Stability of Arch
· arch transmit the superimposed load to side walls (abatements) through friction between surfaces of voussoir and cohesion of mortar

· every element of arch is in compression
· if compressive stress exceeds the safe crushing strength of materials, arch will fail in crushing

· size of voussoir should be properly designed to bear the thrust transmitted through them
· height of voussoir should not be less that 1/12 of the span

· thickness of arch: 
span



thickness
1.5m



20cm

1.5-4m



30cm

4-6.5m



40cm

>6.5m



thickness at springing increased by about 20% thickness at crown

· abutment should be strong enough and should be no uneven settlement of abutment
· arch should be symmetrical so that unequal settlements of two abutments is minimized

Classification of arch
1. According to material
· Brick

· Stone

· Block

2. According to workmanship
· Rough arch
· Axed arch

· Gauged arch

3. According to shape

· Flat arch
· Segmental arch

· Semi-circular arch

· Horse shoe arch

· Pointed arch

· Venetian arch

· Florentine arch

· Semi-elliptical arch

4. According to number of points

· One-centered arch

· Two-centered arch

· Three-centered arch

· Four-centered arch

· Five-centered arch

Rough arch

· ordinary / undressed  bricks / stones not cut to wedge shape
· not good looking / spoiled look

· rough finishing and not recommended for facing works

· wedge shaped mortar joints

Axed arch

· voussoirs are cut to exact / uniform shape
· edges are not fine

· joints are of uniform thickness

· not attractive but better appearance than rough arch

Gauged arch
· voussoirs accurately cut into wedge shape
· finely dressed units

· fine joints, truly radial

· pleasant appearance

Flat arch
· flat intrados
· flat and horizontal extrados

· angled skewbacks usually 60 degree with horizontal

· forming an equilateral triangle with intrados as the base

· for light loads, for span normally up to 1.5 m
Segmental arch
· common type of arch

· center of arch lies below springing line

· thrust transferred to abutment in an inclined direction
Semi-circular arch

· center lies on springing line

· semi-circular curve

· thrust transferred is perfectly vertical in direction as skewback is horizontal
Horse shoe arch

· shape of horse shoe

· incorporating more than semi-circular

· more architectural??
Pointed arch

· Gothic, Islamic
· two arcs of circle meeting at the apex

· triangle formed may be equilateral or isosceles

Venetian arch
· pointed but deeper depth at crown than at springing

· four center all on springing line

Florentine arch

· similar to Venetian arch except intrados is semi-circular

· three circles all on springing line

Semi-elliptical arch
· shape of semi-ellipse

· have either 3 or 5 centers

Construction of arch
Construction of arch consists of following three steps.
1. Installation of centering / formwork
2. Laying the arch

3. Removal of centering
Installation of centering / formwork

· centering is defined as temporary structure required to support arch during construction till its ahs gained sufficient strength
· upper surface of centering corresponds with intrados of arch

· for minor works, centering may be of plastered mud masonry, this masonry is dismantled after construction of arch

· both timber and steel centering is possible

· wooden centering:

·  simplest, cheapest and easy to construct and dismantle

· can be used several times

· consists of wooden plank with horizontal bottom and upper surface shaped to soffit

· width up to 100mm

· plank supported on vertical timber post called props with wooden wedges

· if soffit is wider than 100mm, two ribs suitably spaced and shaped used

· ribs connected by 40 x 20 mm section called laggings / cross battens
· laggings nailed to ribs to support voussoirs

· alternative arrangement:

· use of 25 – 40mm thk. ribs, 200 – 300 mm wide spacing of which depends thickness of wall supporting arch
· ribs connected by braces and struts to strengthen them
· horizontal ties at lower end to prevent from spreading

· ribs supported on bearers

· use of wedge

Laying of arch
· skewbacks are first prepared
· voussoirs are then required form starting from skewbacks proceeding towards crown

· key unit is finally fixed so that all the units are locked in position

· center is eased by slackening (making less tight) the wedges, lowered by height of 2 – 3mm for voussoirs to settle upon beds properly

· voussoirs should be properly bedded in mortar

Removal of centering
· after arch having developed sufficient strength, centering is removed
· no load on arch is given unless centering ahs been removed

· for small spans, centering is removed by losing the wedges
· for span > 7m:

· sand box method is applied 
· sand box is placed below props

· sand is filled in box with a plugged hole at its bottom

· prop rests on steel plate on top of sand

· to lower centering, plug is taken out, sand flows and prop is lowered gradually

Note: You are recommended to refer several books on Building Construction for widening your knowledge.
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