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Horizontal and Vertical Transportation
-
Vehicles, hoists and cranes - types, selection and methods of use.

Hoists and Cranes
1.
In the terminology used there is not always a clear distinction between hoists, elevators and cranes.  However, the following definitions should make the distinction fairly clear:

(a)
Hoists are intended for vertical movement only and so are only able to travel in one (vertical) dimension.  Height is virtually  unrestricted in theory but depends on the particular hoist design.

(b)
Elevators are capable of moving materials in 2 dimensions.  They are usually limited in size and height of lift for practical purposes and tend to be designed for special purposes.

(c)
Cranes are generally capable for moving objects in 3 dimensions and are the most versatile but also generally the most expensive of the three types of equipment.

2.
Points to Look For:
2.1
Ability to slew (rotate horizontally)

2.2
Ability to either

(a)
Luff (rotate the jib or boom from the horizontal to the vertical position thus bringing the hook closer to the centre of the crane) or

(b)
Travel the hook horizontally along a line of radius of the crane generally by suspending it from a trolley that hangs from rails on a horizontal jib.

2.3
Type of Power:

(a)
Direct take-off diesel motor - this typically gives a relatively fixed hoist speed with poor control for fine work (fast only) and uses free fall for lowering the loads.

(b)
Diesel-electric (direct current).  This gives variable speeds and good control.

(c)
Hydraulic.  This gives very good control and may be used for some only or all of the functions.

2.4
Stability.  This depends on the location of machinery, counterweights, outriggers, bracing and operating radius.  For tower cranes the difference between fixed and slewing masts is important (see later).

2.5
Mobility.  Whether the crane is fixed in position or on tyres, tracks or rails and its ability to move while carrying a load.

2.6
Jib construction.  This may be either a strut (or lattice jib) or hydraulic jib.  This feature is particularly important in relation to the use of mobile cranes.

2.7
Location of Controls.  These may be located either at the top or bottom of a crane mast (in the case of tower cranes) or separate; or on the slewing ring or with the truck controls (in the case of mobile cranes).

2.8
Simultaneity.  Whether operations have to be carried out one at a time or can be carried out simultaneously and without slowing of individual operations (eg. hoisting, slewing and luffing).

3.
The Decision to Use a Hoist or Crane

Hoists and cranes may be designed or selected for special purpose jobs only (eg. hoisting concrete, one-off lifts of heavy equipment into a building) or to be used virtually continuously to lift a variety of materials (eg. concrete, reinforcing, formwork, bricks, window frames etc.).  The decision is, of course, an economic one and is not always easy to evaluate.  A good principle to follow is not to rely totally on any one piece of equipment for routine operations that in the event of a breakdown will stop the whole project - ie. preferably use a crane and hoist in conjunction so that if one breaks down work may continue although at a reduced rate.  It may also be more economical to use a combination of cranes rather than one large general purpose fixed crane - eg. use a small general purpose fixed crane for placing concrete, lifting formwork etc., supplemented by hiring mobile cranes occasionally for heavy lifting such as machinery etc; or use a hoist and mobile crane (possibly rough terrain).

4.
Selection of a Crane
4.1
This depends on a number of factors and it is often difficult to know what the correct solution is.

4.2
Size of lift.  The most common size of lift is the one cubic metre bucket of concrete.  If this is used as the criterion for selection then the job may end up with a larger crane than necessary for most tasks.  An alternative is to use a smaller crane capable of serving 3/4 of the job with a one cubic bucket and the remainder, at maximum radius, with a half cubic metre bucket and the remainder, at maximum radius, with a half cubic metre bucket - slower for some pours but overall more economical.  Then the maximum lift should be looked at together with the number of lifts that will be greater than the capacity of the small crane you would like to use.  Depending on the location of the lift and the number of special lifts either a larger fixed crane may be used or a mobile crane  brought in as required.  Size of lift has to be considered in relation to the other factors.

4.3
Radius of jib. A crane may be selected that does not have sufficient radius to reach the whole building area - the unreachable areas may be worked by additional manpower etc.

4.4
Location of Crane.  Suitable location of a crane may reduce the size required.  For example a tower crane may be used to serve a multi-storey building - it may be placed adjacent to the building or in a central location within the building in which case a smaller crane will have the same capacity.

4.5
Height and Clearance.  The height of lift is dependant on the job - where luffing jib cranes (mobile or fixed) are used it has to be considered in relation to the clearance.  Generally speaking the closer the crane is to the building the greater the height possible, but the lesser the clearance and consequently the lesser is the radius that can be reached by the crane.  For tower cranes it may be necessary to brace the crane against the building if the building is very high.  Clearance of the site itself may not be a problem but where adjoining buildings are close and tall, or other cranes are used; this may restrict the selection to luffing jib tower cranes.  Hook and rigging clearance must also be considered.

4.6
Capacity of the crane.  The rated capacity of the crane is the load that it can pick up at a fixed radius (usually close to minimum).  For different types of cranes this may fall off at a faster or slower rate depending on the crane design so that in calculating the lift requirements it is necessary to use a load/radius chart.  For some cranes it may be possible to increase the capacity by altering t he revving (increasing the number of falls of rope) but this slows the speed of hoisting.  For mobile cranes the capacity is often better when the jib is in line with the truck body rather than at right angles to the body.

4.7
Capacity of the Building Structure.  Where cranes are  mounted on or attached to the building structure this has to be checked for ability to take load, particularly tensile.

4.8
Relationship to Construction.  During construction cranes may have to be moved - eg. fixed cranes (guyed and stiffleg derricks) are generally lifted with the job, being either self-lifting or working in combination with another cane.  The effect of this has to be considered in relation to the construction process.

4.9
Erection and Dismantling.  This usually requires space and frequently the use of another crane.  For cranes that climb with the building this can be a major problem that can be solved only by using a very large mobile crane or by erecting a small temporary fixed crane on the roof of the structure for the sole purpose of dismantling the job crane.

4.10
Volume of Output.  Ideally a crane should be working constantly to make it fully economical but this is not usually possible and fluctuations in demand occur.  Typically, peak periods occur when the crane is in demand for a number of tasks - concreting, lifting of reinforcement and formwork.  it is necessary to consider the ability of the crane to cope with the demand when determining the construction schedules and critical paths so it is necessary to calculate its effective cycles with different loads and heights of lift.

4.11
Stability, Strength and Size of Lift.  The size of lift may be limited by either the stability of the crane or its strength.  Typically, for a luffing jib type of crane, when the jib is in the near horizontal position stability is the limiting criterion whilst when the jib  is near vertical strength is the limiting factor.  The jib also performs differently structurally; when horizontal it acts as a beam (possibly cantilever) criterion causes overturning; overloading when strength is the criterion causes buckling of the  jib.  It is possible to overload the crane as far as strength is concerned for considerable periods without any evident damage but it may subsequently fail without warning under light loads due to metal fatigue.  A hydraulic jib is more sensitive to bending deformation which will result in the driver being unable to retract the jib.

5.
Traditional Types of Hoists and Cranes
5.1
Mobile Hoist.  These are used primarily for two storey construction.  They are small enough to tow behind a lorry.  In some cases the tower has to be dismantled due to its length and transport restrictions.  The platform moves on rails up the mast.  Earlier models used to be of the drive-up, free-fall type but later models are required to be driven both up and down.  They are capable of  being erected by 1 or 2 men only with a platform but this is commonly replaced by a tipping skip for carrying concrete.  The guide rails may be fixed on both sides or the platform may be slung from one side only.  The whole tower structure is usually braced back to the building at intervals.  It is generally limited to lighter loads while heavier and larger loads are lifted in some other manner - sometimes by a derrick mounted on the side of the tower.  Sometimes on larger jobs a double hoist may be used - one side for concrete and the other for men and/or materials.

5.3
Elevators.  These may consist of either an endless belt with buckets or lugs, mounted on a frame, or a bucket or platform riding on rails and driven by a winch in a similar manner to a hoist (but at an angle to the horizontal and vertical planes).

5.4
Scaffold Crane.  This is a small crane that may occasionally be mounted independently or more commonly attached to the scaffold.  It cannot luff but can slew and hoist and is limited to light loads of up to 250 kg.  It can be carried by two men.

5.5
Derrick (or gin or jury) pole or mast.  This is one of the oldest and simples lifting devices.  The mast is ball jointed at the base so that it may be inclined in any direction and used as a jib.  The top is secured by 5 to 10 guys which need fixing points all around the derrick pole - the guys are left in or out to incline the mast.  The lifting block is attached to the mast head and hoisting may be by hand or winch depending on size.  It is light, quick to erect and may be economical for short term use.  Slope away from vertical is usually limited to 1 is to 10.

5.6
Sheerlegs.  This consists of 2 members joined together at the top and separated but restrained at the bottom by joining to a sole plate.  A headblock is attached at the top for hoisting.  It normally has one front and one back guy with provision for minimal pivoting of the frame.  items are dragged up the side of the building which is usually protected with timber skids.

5.7
Gallows Frame Hoist.  This is a rectangular frame similar in function to the sheerlegs but giving better clearance when moving items under the frame.

5.8
Whip Hoist - Cathead Type.  This consists of a beam cantilevering over the edge of the building and fixed to the building frame above the floor being served.  Skids are also used with this hoist.

5.9
Guyed Derrick.  It is used for lifting steel and other heavy loads and consists of struts and tendons (no bending is induced in members).  The jib is shorter than the mast so that it can swivel ie. slew, under the guys but the jib usually has to be fully luffed up when slewing.  It usually has 7 to 10 guys with 8 being common as it gives a minimum of 2 effective backstays in every position.  Winches may be with the derrick or placed in a permanent location (eg. the basement) while the derrick rises with the building.  The winches must be well anchored.  Slewing may in some cases be by hand.  The weight of the luffing rope (particularly if winches are far below) may pull the jib in against the mast; the hoist rope normally passes along the jib.  The crane is slow and normally requires several men to operate.  It is pivoted top and bottom, with the guys fixed above the top pivot.  It is self-erecting using the following procedure - the jib section is detached, set on a base adjacent to the mast and guyed (usually 5 guys).  It now functions as a gin pole to raise the mast and any winches.  The mast is then fixed and in turn acts as a gin pole to raise the jib.  The structural load on the building has to be considered during use and erection.

5.10
Marine Type Light Derrick.  This operates in a similar manner to the jib of the guyed derrick.  However, it has no mast and only side guys which may be used to slew the jib.  It is attached either to the building or to a hoist tower for raising long or awkward items.

5.11
Stiffleg or Scotch Derrick.  This derrick uses no guys and so slews faster, but is limited to 2700 to 3000 slewing and so either 2 have to be used on a building or one may be placed on a group of towers outside the building.  Occasionally these towers are rail mounted.  Power may be diesel, electric or diesel-electric.  They are sometimes used for erecting steel frame buildings (2 cranes together - each lifting the other as required).  They are relatively cheap, usually requiring only a driver and a rigger.  Capacity is generally constant for a given jib length - not like most tower and mobile cranes - the jib acts purely as a strut.  The mast is maintained in a vertical position by 2 lattice steel backstays fixed back to the sleepers.  The mast is shorter than the jib.  The frame is either fixed to the building structure or anchored with kentledge.

6.
Tower Cranes

These consists of jibs and attachments mounted on towers.  The towers may be fixed (ie. with a footing and tied to the building), rail-mounted or climbing.  Winches and machinery may be at the top or the bottom of the mast, while the controls are usually operated from a cabin that is fixed to and slews with the jib (remote controls are sometimes available nut not popular).  Operators are advised to carry a can, take their lunch and not to run out of fuel (if the motor is on top of the mast).


The crane may be fitted with either a derricking (or luffing) jib or a fixed horizontal (saddle or hammerhead) jib.  counterweights are generally not adjustable with angle of luffing (except Favco) or location of hook trolley, although some may be adjusted into the mast during climbing.


Erection and climbing.  Shorter tower cranes are often self-erecting whilst larger tower cranes require the assistance of mobile cranes.  Some smaller cranes have no provision for mast lengthening and simply fold down ready for towing.  Others have the mast and parts erected by mobile crane but have no ability to lengthen.  Still others have telescopic masts.


Some, however, are self-erecting in the sense that they can lengthen their mast by either:-

(a)
inserting inner tower units through one side below the working platform after jacking the crane on an external sliding tower piece.

(b)
inserting tower units through the top of the crane (in this case the platform and  parts are attached to a frame that fits around the tower).

(c)
jacking the platform and parts upon an inner sliding mast section and then attaching 2 external L-shaped sections to the main tower.

(d)
mounting the platform and parts on an inner tower that fits into an outer tower fixed to the ground.  Tower units are inserted through the side of the outer tower at ground level.


Cranes may also be climbing in the sense that they can climb up a shaft in the building using only a limited number of mast sections.  The Favco crane - as a Universal Tower Crane - is one of the better but more expensive types of luffing jib tower cranes.  It utilizes a counterweight that moves in relation to the luffing angle.  It is of type (a) above. The crane sits on a slewing ring on an outer frame that is braced on 3 sides but open on the fourth.  The frame extends down over slightly more than 2 units of the tower.  It picks up a tower unit with its jib, luffs in and hooks the unit to a monorail immediately adjacent to the open side.  The outer frame is then jacked up hydraulically and the tower unit is slipped in.  larger cranes use ropes as the required hydraulic units would be too big.  The climbing process takes only 5 to 10 minutes although the whole operation would take 3 hours including bolting and fixing of ladders and platforms.  One more section requires an additional hour and at the most 6 can be inserted in one day.

6.1
Horizontal Jib Tower Crane.  This usually has a counterweight arm (but not always).  Slewing may be at the  bottom of the tower, in which case the tower rotates but should preferably be at the top of the tower so that the mast can be fixed if required.  Winches and machinery may  be either at the top or bottom of the tower.  The crane has a relatively low lifting capacity (suitable for in-situ concrete but not structural steel construction) and is affected by wind (sails may be mounted on the counterweight arm to balance low wind forces).  It is limited to a clear site which is its principle disadvantage.  Otherwise it is stable, rotates quickly and is easy to control and estimate pick-up points.

6.2
Luffing Jib.  Comments that apply to the horizontal jib tower crane generally apply also for a luffing jib.  The advantage of a luffing job is that it can be used on restricted sites but its advantages are that it is more expensive for the same luffing capacity and it is harder to estimate pick-up points.

7.
Special Rail-mounted Cranes
7.1
Goliath Crane.  This consists of a portal frame, from the main beam of which hangs a hook or grab which travels along under the beam.  The frame of the portal usually has four legs supported on wheels running on a pair or sets of rails.  This type of crane is sometimes used to erect 4 or 5 storey prefabricated buildings which it straddles.  It may also be used in manufacturing or storage yard.

7.2
Portal (or portal jib or gantry) Crane.  This is a crane with a jib supported on a 4-legged portal carried on rails and most commonly used on docksides.

8
Mobile Cranes
The general definition of mobile crane is that it can travel from point to point on the road as a normal vehicle.  However it may need blocking in position to operate and the assistance of other cranes during erection and dismantling.  A movable crane is generally on rails but may also be a rough terrain crane; it is able to move whilst carrying a load in a limited area.  Definition of mobile and movable is not rigid - the degree of mobility varies highly.

8.1
Strut (or lattice) Jib.  The jib usually consists of sections which, except for low lifts, have to be bolted together to extend the reach.  The sections are generally of lattice construction (to combine lightness with rigidity).  In general they need another crane and / or at least another vehicle to put the crane together (jib, counterweight etc.) and to carry the parts.  This is due to the weights involved (which are restricted by the axle loadings) and the manoeuvrability (restricted by length of jib).  Some models are self-erecting.  In general this type of crane is expensive and time-consuming to erect but is cheaper to purchase and maintain than a hydraulic jib crane.  Such cranes are capable of lifts of up to 300 tonnes.  To enable the jib to act as a strut the luffing ropes are usually passed over a gantry mounted over the crane body.  However if no gantru is used and luffing is either fixed, mechanical or hydraulic then the jib functions similarly to the hydraulic jib cranes.


The hydraulic jib crane is very rapid to erect - sometimes being entirely automated from the cab with the outriggers having plates attached so that they can be swung or extended into position without manual effort.  The hydraulic crane is very manoeuverable in confined spaces with awkward lifts but cannot lift such heavy loads as a strut jib crane because of the risk of bending the jib (or boom).  The hydraulic system may be used to carry out the following operations - luffing, slewing, hoisting, telescoping the jib, extending the outriggers and levelling and to provide power assisted steering to the truck wheels.  The crane is sometimes designed with mechanisms to ensure a constant hook height during luffing and telescoping of the jib.  There are also models that have a low clearance cantilever jib for use within buildings.

8.2
General Points to Consider in the use of mobile cranes:

(a)
A fly is often supplied with either strut or hydraulic jib cranes.  This may be either parallel to or off-set at an angle to the main jib.  Its function is to extend the radius, height and reach of the crane when handling light loads.  It may be supported from the end of the main jib by a gantry and ties.

(b)
The cab may be either combined with the truck cab - ie. controls all in the same cab (which can give blind spots during lifting as the jib may obscure the operator’s vision) or may be mounted adjacent to the jib on the slewing ring (which can restrict vision of the back of the counterweight).

(c)
Truck and crane generally use the same power unit.

(d)
Counterweights are mounted on the back of the crane on the slewing ring - sometimes fixed and sometimes removable for carrying on a separate vehicle.  On the larger types of cranes they may sometimes be extended out to improve stability.  In slewing counterweights extend beyond the edges of the vehicle platform and there is a risk that inexperienced personnel will be squeezed between weight and outriggers or adjacent structures etc.  Heavy lifts should be over the back of the crane so that the truck body acts as a counterweight.

(e)
Care has to be exercised in adding or removing jib sections during erection and dismantling - improper support of sections and incorrect order of unbolting has resulted in injuries to riggers.

(f)
Outriggers may be manual or hydraulic.  They should be fully extended when the crane is in use as this is taken into account in calculating the crane’s capacity.  Also a crane operating on rubber is far less steady then when operating using its outriggers; it is also not vertical which further reduces its stability.  However it is important to ensure that the outrigger itself is adequately supported and on soft ground its load may be distributed by using timber pads under the plates.  A mobile crane never needs a jack as it can raise itself.

(g)
Load-radius charts must be used when handling unusual loads or in unusual conditions - failure to use then has resulted in toppling of the crane.

(h)
Road regulations limit axle loadings, width, height and length of vehicles and often the available travel routes (due to bridge capacities etc.).  This is why many parts of a mobile crane can be dismantled for carrying separately and why some mobile cranes have multiple axles.

(i)
Strut or hydraulic jib cranes have their jibs operating from near ground level and thus the distance of the crane from the building in relation to the clearance required affects the height to be worked and the reach over the building - requiring the use of charts indicating radii and clearances.

(j)
The crane team, consisting of the driver and dogman or rigger, is very important to the productivity of the crane which they can increase substantially by using good working methods - eg. control of slewing in combination with release of load.  Good slinging is essential together with good direction by the dogman.

9.
Other Mobile Cranes and Lifting Methods
9.1
Rough Terrain Cranes.  These are usually designed to have a good ground clearance, good turning ability and can often move while carrying a load.  (The wheels sometimes have large steel rims so that in the case of blowout or tyre failure the crane will only tilt minimally before the load is take by the rims).

9.2
Mobile Tower Cranes.  Models are available that can operate with a hook height of 45m at a radius of 36m.  The mast combined with jib means that clearance of the building structure at a height is not a problem and the crane is able to operate close to the building on restricted sites.  As with other tower cranes, if the mast slews then it cannot be stabilised by tying to the building.  Some models of tower cranes can operate with either a horizontal or luffing jib.

9.3
Crawler Cranes.  These are also movable in the sense that they can move while carrying a load.  They do not normally have outriggers.  They are used when site conditions are poor and are manoeuverable but slow (eg. 8-9 km/hr).  They distribute their load over the soil.  Their main disadvantage is that they need a low loader to move from site to site.  larger models have a stability problem and can only move over fairly level ground.  They are commonly used, with attachments, for a variety of excavation functions.

9.4
Truck Mounted Cranes.  There is a variety of types of truck mounted cranes, both large and small - fixed jib, slewing, hydraulic etc. eg. some of the smaller sizes used on trucks for loading.

9.5
Helicopter.  Helicopters have occasionally been used for special lifting jobs eg. spires to churches and concrete to structures in inaccessible areas.

10.
Safety

You should familiarise yourselves with the relevant safety regulations and the codes of practice available.


Types of fatal accidents encountered with hoists in Singapore have been, among others: falling from the hoist tower platform where there is no guardrail; falling into the hoist tower and amputation by movement of the hoist; crushed while cleaning underneath the hoist; and being squeezed between the bucket and the frame.


Similarly with cranes there have been a number of fatalities.  In most cases the accidents have arisen through lack of safety provisions that are expected and required to be used, or have been caused by thoughtless, careless or foolhardy actions by construction personnel.  The general standard of safety consciousness is lower than it should be, as can be seen by observing the use of cranes in Singapore.
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