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Abstract

The concrete slabs used for drainage purpose are of heavy weight. Concrete slab is a common structural element of modern
buildings. Concrete Slab Lifting Device (CSLD) makes it possible for an individual to lift these slabs without much effort. The
device structure consists of four legs with wheels. For lifting mechanism L-shaped jaw attached to a hydraulic jack, through a
vertical guide shaft is used. With the help of the lead screw arrangement provided with the jaw, the slab is gripped and with the
help of a hydraulic jack the concrete slab is lifted and moved to the required place. It is very difficult to lift these slabs by an
individual. Usually two or more number of workers are needed for drainage repair works. This increases the cost for repairing
drainage systems. The Concrete Slab Lifting Device makes it possible for an individual to lift these slabs without much
mechanical effort.
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I. INTRODUCTION

The weight of the concrete slabs commonly used for drainage purpose is in the range of tons. Due to the drainage problems such
as blocks in the drainage the concrete slabs need to be lifted frequently. It is very difficult to lift these slabs by an individual. It
takes a lot of time and much manual effort to lift concrete drainage slabs.

. Slab Jacking

Slabjacking is a specialty concrete repair technology. In essence, slab jacking attempts to lift a sunken concrete slab by pumping
a grout through the concrete, effectively pushing it up from below. The process is also commonly referred to as "mud jacking"
and "pressure grouting” as well. Accounts of raising large concrete slabs through the use of hydraulic pressure date back to the
early 1900s. Early contractors used a mixture of locally available soils (sometimes including crushed limestone and/or cement
for strength), producing a "mud-like" substance and thus the term "mud jacking." Modern slab jacking contractors can now use
an expanding polyurethane foam, providing a multitude of benefits when compared to traditional slab jacking materials.

The slab jacking process generally starts with drilling small diameter access holes in the concrete, strategically located to
maximize lift. These holes are generally 3/8" or 5/8" diameter for urethane slab jacking and can be over 2" in diameter for
traditional mud jacking applications. Initial material injections will fill any under slab void space. Once the void space is filled,
subsequent injections will start lifting the concrete within minutes. After the slabs are lifted, the access holes are patched and the
work is complete. The process is very rapid when compared to traditional "rip and replace" applications and is minimally
disturbing to the surrounding areas. Slab jacking technology has several limitations. Most importantly, poor quality concrete may
crack and/or deteriorate when being lifted. This is especially true for slabs that are less than 4 inches in thickness. Cracks can
also develop in the concrete during the lifting process. Slabs built over filled-in land and/or poor subsoils can also be susceptible
to further settlement.

#. Hydraulic Drive System

A hydraulic drive system is a drive or transmission system that uses pressurized hydraulic fluid to power hydraulic machinery.
The term hydrostatic refers to the transfer of energy from flow and pressure, not from the kinetic energy of the flow. Pascal’s is
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the basis of hydraulic drive systems. As the pressure in the system is the same, the force that the fluid gives to the surroundings is
therefore equal to pressure x area. In such a way, a small piston feels a small force and a large piston feels a large force. The
same principle applies for a hydraulic pump with a small swept volume that asks for a small torque, combined with a hydraulic
motor with a large swept volume that gives a large torque. In such a way a transmission with a certain ratio can be built. Most
hydraulic drive systems make use of hydraulic cylinders. Here the same principle is used — a small torque can be transmitted
into a large force.

By throttling the fluid between the generator part and the motor part, or by using hydraulic pumps and/or motors with
adjustable swept volume, the ratio of the transmission can be changed easily. In case throttling is used, the efficiency of the
transmission is limited. In case adjustable pumps and motors are used, the efficiency, however, is very large. In fact, up to
around 1980, a hydraulic drive system had hardly any competition from other adjustable drive systems. Nowadays, electric drive
systems using electric servo-motors can be controlled in an excellent way and can easily compete with rotating hydraulic drive
systems. Hydraulic cylinders are, in fact, without competition for linear forces. For these cylinders, hydraulic systems will
remain of interest and if such a system is available, it is easy and logical to use this system for the rotating drives of the cooling
systems, also. An important advantage of a hydraulic drive is its high power density: the mass of a hydraulic drive is several
times smaller than the mass of an electric drive of the same power.

I1. OBJECTIVES

The objective of the project is to design and develop a device which is an efficient and time utilization one that can lift heavy
concrete slabs minimizing mechanical energy by human beings. It is used for removing the sections of concrete without spall or
chipping the edges of the remaining adjacent concrete slab. In most of the industries the materials are lifted using man power
which require large amount of energy. In order to avoid all such disadvantages. This, hydraulic concrete slab lifting machine has
been designed in such a way that it can be used to lift concrete slabs very smoothly without any impact force. The operation is
made simple that even an unskilled labour can handle it, by just demonstrating the working of the hydraulic concrete slab lifting
device.

I11. DESIGN AND ANALYSIS
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Fig. 1: CAD model

Fig 1 shows the basic design of the Concrete Slab Lifting Device(CSLD).The device consists of a movable frame having four
legs with wheels, hydraulic jack fitted at center, lifting plate to hold the slab, C channel frame. Hydraulic jack is fitted to the base
of frame stand. Lifting plate is attached with the hydraulic jack and with the help of the jack, lifting plate makes the up and down
movement. The bottom of the frame is provided with wheels for the movement of the concrete slab. Concrete slabs of different
sizes can be lifted with this device by adjusting the lifting plates.

A.  Analysis

ANSYS Mechanical Enterprise is a finite element analysis (FEA) tool for structural analysis. Static Structural Analysis was
conducted on the structure. Force Analysis, Safety Factor Analysis, Total Deformation Analysis, Equivalent (Von-Mises) Stress
Analysis were conducted on the structure. A load of 150kg (1470N) is applied on the lifting plate of the Concrete Slab Lifting
Device. The load acts vertically downwards.
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Fig. 2: Force analysis

Fig 2 shows the Force Analysis conducted on the concrete slab lifting device. In the Analysis settings the C channel frame is
selected as the fixed support. A load of 150kg (1470N) is applied on the lifting plate of the Concrete Slab Lifting Device. The

load acts vertically downwards.
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Fig. 3: Safety factor analysis

Fig 3 shows the Safety Factor Analysis conducted on the structure. It is the load carrying capacity of a system beyond the
expected or actual loads. From the analysis it was found that the minimum factor of safety was 1.8768. The structure can
withstand upto 1.8768 times the applied load.
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Fig. 4: Equivalent stress analysis

Fig 4 shows the equivalent stress analysis. The von Mises stress is used in determining whether an isotropic and ductile metal
will yield when subjected to a complex loading condition. From the analysis it was found that the material will not yield under
the given load conditions.

4] Total Deformation Analysis
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Fig. 5: Total deformation analysis
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Fig 5 shows the Total Deformation Analysis conducted on the structure . The deformation was maximum at the tip of the
lifting plate. The maximum deformation was found to be 8.0822 mm. At the other end of the lifting plate the deformation
decreases. The deformation is minimum in the C Channel frame.

V. WORKING MECHANISM

The device consists of a movable frame having four legs with wheels, hydraulic jack fitted at the center, lifting plate to hold the
slab and a lead screw arrangement for the adjustment of the lifting plates.

One side of the concrete slab is lifted with the help of a rod. And then the lifting plates of the concrete slab lifting machine are
made to slide through this gap by moving the entire device. The slab is tightened to the lifting plates by rotating the hand wheel
attached to the lead screw arrangement. Lifting plates can be adjusted with the help of a lead screw arrangement. By rotating the
handle wheel attached to the lead screw, the lifting plates move closer or away from each other. The slab is then lifted with the
help of the hydraulic jack. After lifting the slab to the required clearance height it is then moved to the required place.

V. CONCLUSION

The design of Concrete Slab Lifting Device was analysed using Ansys software and Force Analysis, Total Deformation
Analysis, Equivalent Stress Analysis, Safety Factor Analysis were conducted. And it was found out that the proposed design was
able to withstand the given load of 150Kkg.

The system was found to be very effective in the material handling systems of the concerned industries such as construction
industries. And because of this manual labour was reduced to a huge level. Since fabrication cost is less it is a cost efficient
means of material handling system.
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