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ABSTRACT 7 

 8 

 9 

In construction industry form work plays important role in execution. Different materials such as 10 

wood, Steel sheets/plates, ply boards etc... Are commonly used form work materials? But 11 

formwork costs Around 40-50% of the total construction cost in reinforced concrete construction. 12 

The storing of Formwork materials and limitations in reusing the materials increases the capital 13 

investment in Construction industry. In construction activity placing the formwork and its 14 

alignment consumes More time compared to the concreting work. Much advancement has been 15 

occurred in form work Materials, methods and in implementation techniques. Aluminum form 16 

work, steel form work, Vinyl based form work, rubber and glass form works are also available. 17 

In SIP the formwork material Become an integral part of the structural elements and offer 18 

additional advantages such as thermal Comfort, external protection to resist the durability 19 

issues, additional confining pressure and reduces. The construction time and offers viable 20 

economical solution. 21 

 22 
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CHAPTER 1 1 

                INTRODUCTION 2 

 3 

 4 

1.1 INTRODUCTION 5 

 6 

Structural stay-in-place formwork is already widely used for some types of concrete elements like 7 

floor slabs. But for other types like concrete beams, few commercial systems are available. 8 

Generally, the existing systems are made out of timber, steel or fibre reinforced polymers. All of 9 

them combine on the one hand the advantages of prefabrication like speed, accuracy, controlled 10 

surface quality, and finish and on the other hand the advantages of in situ casting like economy 11 

and continuity. Another big advantage is the reduction of manual labour and thus of salary cost, 12 

since there is no tying of the steel stirrups and no assembly and dismantling of the formwork. This 13 

formwork can also be seen as a protection of the concrete from the environment, which may lead 14 

to considerations concerning the necessary concrete cover when steel reinforcement is used. 15 

 16 

1.2 AIM 17 

The study aim to evaluate the effective use of Structural Stay-in-Place Formwork System and to 18 

achieve high speed of construction with optimum cost, time and quality when compared to 19 

conventional system. 20 

 21 

1.3 OBJECTIVE AND SCOPE FOR THE STUDY 22 
 23 

1) To Study the construction methodology with due focus on the difference from the conventional 24 

construction. 25 

2) To Identify and understand, pros and cons of in Structural Stay-in-Place Formwork System. 26 

3) To analyse the cost of structure due to savings in materials compared against conventional 27 

constructions. 28 

4) To analyse the Scheduling compared against the conventional method. 29 

5) To study its advantages and disadvantages of the Structural Stay-in-Place Formwork System. 30 

6) To understand the cost-effective alternate building materials and techniques for the saving of 31 

energy, reap economic and environmental benefits. 32 
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7) This study would mainly focus on building materials done with conventional method and a 1 

comparative analysis will be carried out. 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

Fig 1.2 Structural stay- in – place Formwork system 17 

         18 

1.4 METHODOLOGY 19 

 20 

 21 

 22 

 23 

Fig 1.3 Research Methodology 24 

  25 
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 1 

CHAPTER 2 2 

LITERATURE REVIEW 3 

2.1 INTRODUCTION 4 

In Stay In Place the formwork material become an integral part of the structural elements. The 5 

advantages such as thermal comfort, external protection to resist the durability issues, additional 6 

confining pressure and reduces the construction time and offers viable economical solution 7 

The different types of Stay in Place Formwork system are 8 

a. INSULATED CONCRETE FORMS 9 

b. STRUCTURAL SIP SYSTEM 10 

c. FIBERS REINFORCED POLYMERS(FRP) 11 

d. POLYVINYL(PVC) 12 

 13 

 14 

Fig 2.1.a Stay- in – place Formwork system 15 

 16 

 17 

 18 

 19 
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 1 

Fig 2.1.b Material Properties of stay- in – place Formwork system 2 

 3 

2.2 INSULATED CONCRETE FORMS 4 

ICF system, expanded polystyrene are used with proper interlocking mechanism which 5 

accommodates the EPS blocks together. There are two external EPS layers and hollow interior 6 

part offers space for fresh concrete option. In this type EPS blocks are fixed in order over a 7 

defined height followed by reinforcement placement and concreting. The connectors between 8 

the EPS layers interlink the EPS blocks/panels and hold the reinforcement in vertical and 9 

horizontal directions. Based on the lateral pressure due to the concreting the EPS panels and 10 

interlinking mechanisms are designed and also it. 11 

2.2.1 Advantages 12 

Resistance to gravity and lateral loading due to its monolithic construction technique. Energy 13 

efficiency and thermal comfort, Noise reduction, Resistant to corrosion. Easy to install and time 14 

saving construction technique. Cost effective solution. 15 

 16 

  17 
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 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

Fig 2.2.1.a Sections of Insulated Concrete Forms 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

Fig 2.2.1.b Sections of Insulated Concrete Forms 32 
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 1 
 2 

2.3  STRUCTURAL SIP SYSTEM 3 

In this SIP system two steel grid mesh as sacrificial form work with “C” channel section inter 4 

connectors used to connect two layers of grid mesh. Fresh concrete will be used inside the 5 

cavity similar to the other ICF systems. Instead of EPS any other insulating materials can be 6 

affixed with the external grid mesh to improve the thermal and acoustic comfort. In this method 7 

the steel channels are acting as reinforcements instead of conventional rebar and if requires 8 

additional reinforcements can also be used. Connection methods and procedures are varying 9 

with respect to the elemental sections The external grid mesh is provided with very fine gaps 10 

which will not allow the concrete t flow out and also offers better confining pressure.IS 11 

456:2000;IS 1893:2016 and IS 13920:2016 are used in designing the structure to resist the 12 

gravity and seismic loading. These walls are generally considered as shear walls and 13 

designed. This panel act as light reinforced RCC walls. 14 

 15 

 16 

 17 

Fig 2.3 STRUCTURAL SIP SYSTEM 18 

  19 
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 1 

2.4  FRP BASED SIP FORMWORK SYSTEM 2 

Fibre Reinforced Polymer(FRP)composites are very effective in retrofitting and strengthening 3 

work. FRP based materials such as rebar's, flats, pultruded sections are also available with 4 

enhanced strength and durable property. This FRP is used as SIP form work materials as also 5 

acts as reinforcement in slabs.FRP panels light weight concrete/foam-based concrete used as 6 

core material over a thin layer of normal concrete will be used. 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

Fig 2.4 FRP BASED SIP FORMWORK SYSTEM 24 



8  

 1 
 2 

2.5 PVC STAY-IN-PLACE FORMWORK SYSTEM 3 

Permanent structural walling system consisting of rigid poly-vinyl chloride (PVC)based polymer 4 

Components that serve as a permanent durable finished form-work for concrete walls. The 5 

poly-vinyl chloride (PVC) based form work system consists of hollow members with different 6 

interlocking internal patterns to make the connection more sustainable. Light weight, Stay-In-7 

Place formwork–snap lock easy assembly 110mm,155mm,200mm,250m thick walls.Plug and 8 

play for affordable housing project. Single trade, significant savings on labour. Suitable for all 9 

seismic zones, high rises>30 floor. 10 

 11 
 12 

 13 

Fig 2.5 PVC STAY-IN-PLACE FORMWORK SYSTEM 14 

 15 

 16 
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 1 

 2 

 3 

 4 

2.5.1 BENEFITS OF SELECTING PVC STAY IN FORMWORK SYSTEM 5 
 6 

 7 

2.5.1 BENEFITS OF SELECTING PVC STAY IN FORMWORK SYSTEM 8 

 9 

 10 
 11 

Fig 2.5.1.a BENEFITS OF SELECTING PVC STAY IN FORMWORK SYSTEM 12 

 13 
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 1 

 2 

2.5.2 COMPONENTS OF THE SYSTEM 3 
 4 

  5 

Fig 2.5.2.a COMPONENTS OF THE SYSTEM 6 

 7 

Fig 2.5.2.b COMPONENTS OF THE SYSTEM 8 

 9 

 10 

 11 

 12 
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2.5.3 LIMITATIONS OF PVC STAY IN FORMWORK SYSTEM 1 

Stay in Place PVC Forms Walls shall need pre planned & installed MEP/Services for concealed 2 

network. Door and Window position shall not be changed after pouring of concrete. Erection of 3 

panels shall be under supervision of trained staff. 4 

2.5.4 PANEL COMPONENTS 5 

 6 

 7 
 8 

Fig 2.5.4.1 PANEL COMPONENT  9 

 10 

 11 
 12 
 13 

 14 

 15 

 16 



12  

 1 

 2 

 3 

 4 

 5 

Fig 2.5.4.2 PANEL COMPONENT  6 
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These form works are reinforced with internal webs, ribs which acts as stiffener against the 1 

bending and provides rigidity to the form works. PVC formworks are made in different segments 2 

with respect to the structural elements can be integrated through the shear connectors. Inside the 3 

panels hollow spaces are available in vertical and horizontal directions for the placement of 4 

reinforcement. Additional reinforcements in both the directions to be provided at corner of the 5 

walls and in interconnections for integrity.The provided PVC panels restricts the evaporation of 6 

moisture present in concrete, makes the structure durable and resistant to corrosion and seismic. 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

Fig 2.5.4.3 PVC panels 26 
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 1 

 2 

2.5.5 TYPICAL REINFORCEMENT DETAILS AT CORNER 3 
 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

Fig 2.5.5 TYPICAL REINFORCEMENT DETAILS AT CORNER 18 

 19 

 20 

2.5.6 TYPICAL REINFORCEMENT DETAILS AT INTERCONNECTIONS 21 

 22 

Fig 2.5.6 TYPICAL REINFORCEMENT DETAILS AT INTERCONNECTIONS 23 

 24 

 25 

 26 
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2.5.7 CONSTRUCTION PROCESS 1 

 2 

A. SURVEY AND SETTING OUT 3 

Consider the wall layout. Establish the best starting point. Sequence to proceed with installation 4 

of panels. Ensure most working space possible. 5 

  6 

 7 

 8 

 9 

Fig 2.5.7.A SURVEY AND SETTING OUT 10 

 11 

 12 

B. BOTTOM TRACK FIXING 13 

Ensure that concrete footing/slab is clear, flat and free of debris. Bottom tracks are first laid atop 14 

the starter bars and fixed into the plinth to create proper channels for fixing the wall panels. 15 

 16 

 17 

 18 
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 1 

 2 

 3 

 4 

Fig 2.5.7.B BOTTOM TRACK FIXING 5 

 6 
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C. WALL PANEL INSTALLATION 1 

Start with a corner panel and plumb this from adjacent faces. Beginning with the corner panel, 2 

the assembled wall panels are slid into each other side by side atop the bottom tracks and starter 3 

bars. Should any of the starter bars foul on the ribs within the panel, the bars can normally be 4 

pushed/pulled clear of the rib and the panel successfully lowered as normal. Occasionally it may 5 

be necessary to lift the panel completely clear and bend the starter bar that is fouling to re-align 6 

them sufficiently for the panel to be easily lowered into position. Brace the first panel using one 7 

screw per brace. The base of the brace is then fixed to the slab using an anchor style bolt. The 8 

first panel is then plumbed with a spirit level or similar before the brace is fixed. 9 

 10 

11 

 12 

Fig 2.5.7.C.1 WALL PANEL INSTALLATION  13 

 14 

Vertical rebars are first slid from a top, tied to starter bar at the bottom by lifting panels. They are 15 

long enough to act as starter bar for next floor Horizontal rebars are then slid through the holes 16 

in the ribs. They are U-bent at the corner as seen here and the vertical rebar slid through the 17 

horizontal U bents ensure they stay in position. Vertical and horizontal bars are tied at the top, 18 
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ensuring they do no move during concrete pour 1 

ELECTRIC AND PLUMBING DUCTS. 2 

The electric and plumbing ducts etc. Shall be placed inside the ducts. For connectors, small 3 

openings shall be made in the expanded metal 4 

DOORS, WINDOWS AND CONCRETING 5 

Capping panels are fixed on edges of doors windows before fixing wooden frames to gain strength 6 

for concrete pour. The frames are removed once concrete is set. No gaps to be left in between 7 

panels. Water proofing/hydrophilic sealant installed to cover all gaps and prevent concrete leak. 8 

All corners, doors, windows, stop ends are adequately braced Metal strip on external wall corners 9 

and aluminium angles on top third of walls Screws on window panels and bottom connectors Self-10 

Compacting Concrete shall be poured by boom pump with a 50mm dia. end hose. Pour shall not 11 

be done more than 1 mt.at any point to ensure panels can withstand concrete pressure. 12 

 13 

. Fig 2.5.7.C.2 DOORS, WINDOWS AND CONCRETING 14 

  15 

E. CONCRETE 16 

When pouring, do not aim the pump directly at corners or wall ends. Always point the pump 17 

nozzle towards a rib/diaphragm. Pump nozzle should remain at least 500mm away from 18 

wall/column ends.When moving around the walls filling them, remember that the shorter or 19 

thinner a section of wall is, the faster it will fill. Do not leave finished concrete surface uneven at 20 

the top of forms.Following compaction at the top of the walls, screed the concrete to achieve a 21 

smooth and even surface. 22 

When slab and walls are poured at the same time, finish the concreting for the walls first. This 23 

should provide enough time for wall concrete to settle before the slab concreting takes place 24 

over the particular wall. While pouring, be sure to visually inspect walls regularly to ensure 25 

vertical alignment and plumb of the panels is maintained. Stop the pour or proceed at reduced 26 

speed if any areas start to move. Keep props, timbers or plywood readily available to provide 27 
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temporary bracing if required. 1 

 2 

F. VIBRATING 3 
 4 

Proper compacting of concrete is essential to prevent voids in the finished walls. Pay particular 5 

attention to the sides of all openings, bulkheads and any areas that have a high concentration 6 

of steel. Use a 25mm pocket vibrator. Vibrating helps ensure the concrete mix slurry fills all 7 

voids, particularly at joints. When vibrating, take care not to damage ribs or the external face of 8 

the panels. Place the vibrator in the upper 300mm of the wall panel. System is made from PVC 9 

and is non-porous. This means it does not absorb water like masonry, fibre cement or plywood. 10 

This increases the flow ability of concrete and reduces honeycombing. 11 

 12 

G. POST POUR INSPECTION. 13 
 14 

Any household detergent can be used for general cleaning purposes. Any concrete slurry that 15 

has spilt onto the panels can be easily removed if it is washed with high pressure water within 16 

30 minutes before the slurry hardens. If concrete slurry has hardened, removing it may damage 17 

the wall surface. Apply high water pressure to remove the solution and slurry within 10 minutes. 18 

 19 

 20 

 21 

 22 

  23 
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 1 

2.6 RESEARCH PAPERS 2 
 3 

 4 

I. RESEARCH PAPERS-1 5 

FIRE RESISTANCE PERFORMANCE OF CONCRETE-PVC PANELS WITH POLYVINYL 6 

CHLORIDE(PVC)STAY IN PLACE(SIP)FORMWORK. 7 

Michel Murillo A.a,b,∗,Bernardo F.Tutikianc,Vinicius Ortolanc,Marcos 8 

L.S.Oliveirad,Carlos H.Sampaioe,Leandro Gómez Pa,Luis F.Silva Oa 9 

The paper talks about the following factors:  10 

The aim of this paper was to study the fire resistance performances of structural and non-11 

structural concrete panels with polyvinyl chloride (PVC)SIP formwork. 12 

METHODOLOGY: 13 

Three 124.01 in×110.24 in×3.15 in panels of PVC SIP formwork were tested and compared to 14 

one another.All panels were aged for 28days, then exposed to the standard fire curve based on 15 

the ISO 834:2014 standard, and the temperatures in each panel surface recorded.The results 16 

indicate that concrete strength significantly influenced the structural stability and the fire 17 

resistance time of the panels(under load),even in this type of panels when exposed to high 18 

temperatures. 19 

 20 

Fig 2.6.1 FIRE RESISTANCE PERFORMANCE OF CONCRETE-PVC PANELS WITH 21 

POLYVINYL CHLORIDE(PVC)STAY IN PLACE(SIP)FORMWORK. 22 

 23 

 24 

 25 
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TEST RESULTS 1 

The PVC1 panel test lasted 26 min, reaching a maximum lateral displacement of 32 mm and 2 

developing an explosive crevice in the concrete what led to the loss of integrity of the system, 3 

so that no integrity test could be performed.The PVC2 panel achieved a total fire resistance time 4 

of 64 min, reaching a maximum lateral displacement of55 mm, losing stability during the test. 5 

Despite this, six integrity tests were carried out confirming positive results. The PVC3 panel 6 

achieved a total fire resistance time of 60 min and reaching a maximum lateral displacement of 7 

31.8 mm. The sample maintained his integrity characteristics for the first 30 min of the test, but 8 

later smoke appeared on the external surface of the wall due to the development of fissures, 9 

sufficient to allow the passage of gases. 10 

 11 

Fig 2.6.1a TEST RESULTS 12 

 13 

 14 
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 1 

Fig 2.6.1b Details of the final aspect of the concrete’s surfaces. 2 

INFERENCE 3 

Based on the results of this experimental investigation, it can be inferred that the Thermal 4 

insulation performance of the PVC coated concrete panels was slightly better than that of the 5 

reinforced concrete panels with a traditional removable formwork. Concrete strength significantly 6 

affects the structural stability of the panels (under load),even in this type of panels when 7 

subjected to high temperatures.This combination of qualities results in the inclusion of PVC 8 

within the group of organic materials of better technical classification, being a resistant material, 9 

antibacterial, mould able, hygienic and recyclable, ideal for fire prevention, but mainly to turn 10 

houses into healthy and sustainable housing. 11 

 12 

II. RESEARCH PAPERS-2 13 

EXPERIMENTAL INVESTIGATION ON PVC ENCASED COLUMNS 14 

H.Eramma1,Madhukar.N.J2 15 

The paper talks about the following factors: 16 

To study the PVC Tubes subjected to axial loading by considering Length.To study the influence 17 

of concrete strength by using two different sizes of coarse aggregate 6.3mm and 10 mm using 18 

design mix method as per IS:10262-1982.To study the strength and confinement of concrete 19 

filled PVC pipes. 20 

 21 

METHODOLOGY 22 

Poly vinyl chloride(PVC)tubes filled with concrete are axially loaded until failure of the specimen 23 

to investigate their load carrying capacity. 24 

Total eighteen specimens of PVC tubes of diameter 150 mm with effective lengths of 500 25 

mm,600 mm and 700mm were cast.M20 grade of concrete of two different mixes having two 26 
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different sizes of aggregate 6.3mm and 10mm was filled inside the tubes for casting of PVC 1 

concrete filled tube(CFT)column specimens. The column specimens were tested for axial 2 

loading in the UTM machine of capacity 100 tons. Their load-displacement curves and stress-3 

strain curves were recorded. Theoretical and experimental results were compared and tabulated 4 

and it was found to be 1.36%&35.55%for 6.3 mm size and 11.28%&27.46%for 10 mm size of 5 

aggregates as conservative side as increased with compressive strength of PVC Concrete Filled 6 

Tube Columns experimentally and catalogue results when compared with theoretical results. 7 

INFERENCE 8 

Confinement of concrete columns with PVC tubes improves their compressive strength.The 9 

improvement in strength is dependent on the concrete strength and geometrical properties of 10 

the tubes.As the Length increases, the ultimate axial strength of the column increases. 11 

The experimental result is about 35.55%and 27.46%greater than theoretical result for the 12 

concrete columns which is prepared by using 6.3mm and 10 mm coarse aggregates.The failure 13 

pattern can be seen by local buckling.i.e.,Decrease in length and increase in diameter. About 14 

5mm decrease in length and 3mm increase in diameter.The PVC CFTC was not completely 15 

failed till 10 mm of compression in displacement. From it was concluded that PVC CFTC absorbs 16 

considerable energy also 17 

 18 

Fig 2.6.2a EXPERIMENTAL INVESTIGATION ON PVC ENCASED COLUMNS 19 



24  

 1 

III. RESEARCH PAPERS–3 2 

EFFECT OF STAY-IN-PLACE PVC FORMWORK PANEL GEOMETRY ON FLEXURAL 3 

BEHAVIOUR OF REINFORCED CONCRETE WALLS 4 

Benjamin Scott a,1,NoranWahabb,2,⁎,Adil Al-Mayah b,Khaled A.Soudki b,3 5 

The paper talks about the following factors 6 

The research herein outlines tests on reinforced concrete walls with a compressive strength of 7 

25 MPa,utilizing two types of PVC panels:flat or hollow,in order to further understand the 8 

polymer's contribution to flexural resistance. 9 

 10 

METHODOLOGY 11 

Variables studied included concrete core thickness (152mm,178mm,and 203mm),reinforcing 12 

ratio(3–10Mbars or 3–15Mbars),and panel type(hollow or flat).The walls were tested in four point 13 

bending. Walls failed due to steel yielding followed by concrete crushing, PVC buckling,and/or 14 

PVC rupture depending on the reinforcement ratio and panel type. 15 

The hollow panel encased specimens also experienced slip of the panels on the tensile face.The 16 

PVC encasement enhanced the yield load,ultimate load,ductility, and toughness of the concrete 17 

walls. Concrete cores were taken from the tested PVC encased specimens and compressive 18 

strength was found to be the same as the control walls. 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

Fig 2.6.3a EFFECT OF STAY-IN-PLACE PVC FORMWORK PANEL GEOMETRY ON 29 

FLEXURAL BEHAVIOUR OF REINFORCED CONCRETE WALLS 30 

 31 
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INFERENCE 1 

All PVC encased specimens failed by steel yielding on the tension side and concrete crushing 2 

and PVC buckling on the compression side.PVC encasement improved the load capacity of the 3 

reinforced concrete walls. For flat panel encased walls, the average improvement at yield and 4 

ultimate loads was 21%and 27%respectively. Hollow panel encased walls recorded average 5 

yield and ultimate load improvements of 8%and 27%respectively. 6 

A comparison was made between walls with the SIP PVC system and walls that were 7 

conventionally constructed and 25mm(1″)thicker. The yield and peak loads were very similar in 8 

this comparison, suggesting the potential for using the SIP system as a means to reduce the 9 

wall thickness and achieve the same structural performance.There was no statistically significant 10 

difference observed in the concrete strength of PVC encased walls and traditionally formed 11 

concrete. 12 

 13 

Fig 2.6.3b EFFECT OF STAY-IN-PLACE PVC FORMWORK PANEL GEOMETRY ON 14 

FLEXURAL BEHAVIOUR OF REINFORCED CONCRETE WALLS 15 

  16 
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 1 

IV. RESEARCH PAPERS-4 2 

THE GFRP PROFILES AS STAY-IN-PLACE FORMWORK- 3 

Kinga Brózda1,*,Jacek Selejdak1,and Peter Koteš2 4 

The paper talks about the following factors: 5 

This paper describes research on the GFRP(Glass Fibre Reinforced Polymers)materials are 6 

characterized by good mechanical properties and very high corrosion resistance. Currently the 7 

GFRP profiles in the form of modular structural elements are used as so-called decking systems. 8 

However,the last researches concern the possibility of using the modular FRP profiles as a stay-9 

in-place(SIP)formwork. 10 

In this article the conception of the shape and cross-sectional dimensions selection of the FRP 11 

profile was attempted. The conception applies to the prototype of the GFRP profile, which is 12 

able to use as a self-supporting formwork in composite slab in building structures on floors or as 13 

the deck in composite bridge structures. On the basis of theoretical and practical studies 14 

available in the literature, the theoretical evaluation of the composite element were done. 15 

 16 

METHODOLOGY: 17 

The conception of the SIP FRP formwork system:The primary objective of the analysis is to 18 

determine the shape of structural profile which will be the main part of the stay-in-place formwork 19 

system.During analysis the load carrying capacity and the related maximum load force were 20 

taken into consideration. 21 

The FRP SIP formwork shown in the Fig.1 is an example of a SIP formwork system which is 22 

based on hollow box sections.This system consists of the modular structural GFRP 23 

profiles,which can be connected with each other by special grooves and thus act as a self-24 

supporting formwork for RC(reinforced concrete)slab.In this solution the load-carrying capacity 25 

highly depends on quality of the bonding between GFRP formwork and concrete. 26 

The creation of the new trapezoidal-shaped section of FRP formwork: 27 

This shape modifications can increase the bonding between FRP formwork and concrete and 28 

consequently provides more effective composite action.In addition,the appropriate surface 29 

treatment(e.g.sand-blast of FRP surface)can be carried out to increase the bonding between 30 

FRP and concrete.Using analytical calculations the theoretical analysis of the composite 31 
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element was done. 1 

 2 

 3 

Fig 2.6.4a THE GFRP PROFILES AS STAY-IN-PLACE FORMWORK4 

 5 

Fig 2.6.4b THE GFRP PROFILES AS STAY-IN-PLACE FORMWORK  6 

 7 

INFERENCES: 8 

The paper presented a the authors have proposed the lightweight and easy to install GFRP SIP 9 

formwork for slabs. The formwork system is based on hollow trapezoidal-shaped section. The 10 

analytical calculations of the composite element(GFRP formwork+RC slab)were done. The load-11 

carrying capacity depending on the height of concrete slab and the associated maximum load 12 

force were investigated. The results were compared with the prototype box-shaped section. 13 

The use of FRPs in SIP formwork systems reduces the self-weight of the formed structure and 14 

increase economic efficiency. Moreover, the modular GFRP profile provides an additional 15 

corrosive protection of steel reinforcement. Due to the anti-corrosive properties, the use of this 16 

GFRP SIP formwork system is mainly intended for structures exposed to an aggressive 17 

environment, providing a long failure-free service life with little maintenance. 18 
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V. RESEARCH PAPERS–5 2 
 3 

THE SEISMIC PERFORMANCE OF HIGH STRENGTH CONCRETE COLUMNS CAST IN 4 

STAY IN PLACE FRP FORMWORK 5 

Togay OZBAKKALOGLU1 and Murat SAATCIOGLU2 6 

The paper talks about the following factors 7 

This paper describes research the use of high-strength concrete (HSC)in seismically actively 8 

regions poses a major concern because of the brittle nature of material. The confinement 9 

requirements for HSC columns may be prohibitively stringent since they require proportionately 10 

higher confinement than columns of normal-strength concrete. 11 

An alternative to conventional confinement reinforcement is the use of fibre reinforced 12 

polymer(FRP)casings, in the form of a stay-in-place formwork, which can fulfill multiple functions 13 

of Formwork, Confinement Reinforcement Protective Shell Against Corrosion, Weathering And 14 

Chemical Attacks. This paper investigates the use of stay-in-place FRP formwork as concrete 15 

confinement reinforcement for HSC columns with square and circular cross-sections. 16 

METHODOLOGY: 17 

Most of the existing research focuses on repair, rehabilitation and retrofit of existing normal-18 

strength concrete columns, overlooking potentials for application to new construction, especially 19 

to new HSC columns. On the other hand,multiple functions and effectiveness of FRP stay-in-20 

place formwork offer advantages for use as confinement reinforcement,especially for a brittle 21 

material like HSC. 22 

23 
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 1 

Fig 2.6.5a THE SEISMIC PERFORMANCE OF HIGH STRENGTH CONCRETE COLUMNS 2 

CAST IN STAY IN PLACE FRP FORMWORK 3 

 4 

 5 

 6 

 7 

Fig 2.6.5b THE SEISMIC PERFORMANCE OF HIGH STRENGTH CONCRETE COLUMNS 8 

CAST IN STAY IN PLACE FRP FORMWORK 9 
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 1 

INFERENCE 2 

The paper presented High-strength concrete columns confined with carbon FRP stay-in-place 3 

formwork can develop extremely ductile behavior under simulated seismic loading. Column tests 4 

reported in this paper indicate that inelastic deformability of 90 MPa concrete columns can be 5 

increased up to 12%lateral drift ratio with FRP stay-in-place formwork. The increased 6 

confinement requirements for HSC columns can be met by using FRP stay-in-place 7 

formwork.Unlike the conventional steel reinforcement that only confines the core concrete,FRP 8 

stay-in-place formwork effectively confines the entire column section. 9 

The strain data recorded during column tests reported in this paper illustrates that the design 10 

transverse strain of 0.4%recommended by current FRP design guidelines is conservative for the 11 

columns tested. Transverse strains of 1%and above were recorded in FRP formwork, when 12 

subjected to simulated seismic loading. 13 

Additional confinement provided by a footing appears to strengthen the column critical section 14 

at column-footing interface, which consequently shifts the failure away from the interface.This 15 

shift was observed to be approximately equal to half the column cross-sectional dimension in 16 

the columns tested and the axial load applied. 17 

 18 

Fig 2.6.5c Journal & Reference 19 

 20 

 21 
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CASE STUDY  6 

 7 
 8 

 9 
 10 

. Fig 2.6.7 CASE STUDY - 1 11 
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CHAPTER 3 2 

LIVE CASE STUDY  3 

 4 

LIGHT HOUSE PROJECT - LUCKNOW 5 

3.1.1 INTRODUCTION  6 

TECHNOLOGY–STAY IN PLACE FORMWORK PVC 7 

Technology provider-NOVEL Assemblers pvt.ltd 8 

Contracting Agency–JAM Sustainable Housing 9 

The area of the flats is 1040 in which the flats will be constructed. 10 

The carpet area of the flats under Light House Project is 34.50 Sq.meters. 11 

State government and central government provide the subsidy of Rs.7.84 Lakh at the total cost 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 
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 24 

 25 

 26 

 27 

 28 

 29 

 30 

. Fig 3.1.1 LIVE CASE STUDY 31 
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 5 

 6 

 7 

Fig 3.1.1.1 LIVE CASE STUDY SPECIFICATIONS 8 

9 
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Fig 3.1.1.1 LIVE CASE STUDY SPECIFICATIONS 2 

 3 

3.1.2 Site Analysis 4 
 5 

1. Location: The site is located in Shanthi Nagar,Lucknow. 6 

2. Climate: Warm humid subtropical climate 7 

3. Airport: Chaudhary Charan Singh International Airport-15.1 km 8 

4. Bus Stop: Shanthi Nager Bus Stop–1km 9 

5. Railway-Lucknow–Kanpur Suburban Railway and Barabanki-Lucknow Suburban Railway 10 

6. Landuse: Residential 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

Fig 3.1.2 SITE ANALYSIS 20 

 21 
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 1 

Fig 3.1.2.1 SITE ANALYSIS 2 

 3 

3.1.3 Soil Test Report 4 

 5 

Fig 3.1.3. SOIL TEST REPORT 6 

 7 

 8 

3.1.4 Site Plan 9 

The LHPs are model housing projects with houses built with shortlisted alternate technology 10 

suitable to the geo-climatic and hazard conditions of the region. This will demonstrate and deliver 11 
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ready to live houses with speed, economy and with better quality of construction in a sustainable 1 

manner. 2 

TECHNOLOGY SELECTED: -PVC Stay In Place Formwork System 3 

No.of Towers:4 No.of Houses:1040 No.of Floors:14 4 

 5 

Fig 3.1.4. SITE PLAN 6 

3.1.5 Block Proximity 7 

 8 

Fig 3.1.5. Block Proximity 9 
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37  

 1 

3.1.6 Floor Plans 2 

 3 

Stilt Floor Layout 4 

 5 

 6 
 7 

Typical Floor Layout–1 to 13th floor 8 

 9 

 10 

Fig 3.1.6. Floor Plan 11 

 12 
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3.1.6 Schedule of Joinery 2 

3 

 4 
 5 

 6 

Fig 3.1.6.a Typical Floor Plan 7 

 8 

 9 

 10 
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Typical Floor Part Plan-Right Wing 1 

 2 

 3 
 4 

Typical Floor Part Plan-Left Wing 5 

 6 

 7 

 8 

 9 

 10 

 11 
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Terrace Floor Layout 1 

 2 

Mumty level Layout 3 

 4 

Fig 3.1.6.b Terrace & mumty Floor Plan 5 

 6 

3.1.7 Elevations 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 



41  

Elevation-A 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 
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 19 

 20 

Fig 3.1.7.1 Elevations 21 

  22 
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Elevation-B&D 1 

 2 

Fig 3.1.7.2 Elevations 3 

 4 

Elevation-C 5 

 6 
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 1 

Fig 3.1.7.3 Elevations 2 

 3 

3.1.8 Views 4 

 5 

Fig 3.1.8 Views 6 

 7 
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3.1.9 Sections 1 

 2 

Fig 3.1.9 Section 3 

 4 

 5 

 6 

 7 

 8 
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 2 

3.1.10 Unit Plan 3 

 4 

 5 

 6 

 7 

 8 

 9 
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 18 
Fig 3.1.10. Unit plan 19 

 20 

 21 

3.1.11 Mockup unit 22 

 23 
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 40 
Fig 3.1.11. Mockup Unit 41 
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 2 

 3 

3.1.12 Site Photos 4 

 5 
 6 

 7 

 8 
 9 

Fig 3.1.12. Site Photos 10 
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 3 

 4 
Fig 3.1.12. Site Photos 5 

 6 
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 2 

3.1.13 Structural 3 
 4 

Foundation Plan 5 

 6 
Fig 3.1.13.1 Structural 7 

 8 

Raft Bottom Extra Reinforcement 9 

 10 
 11 

Fig 3.1.13.2 Raft Bottom Extra Reinforcement 12 

 13 
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 1 

 2 

Raft Top Extra Reinforcement 3 

 4 
Fig 3.1.13.3 Raft Top Extra Reinforcement 5 

 6 

 7 

Raft Top Extra Reinforcement 8 

 9 
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 2 

Pedestal Layout 3 

 4 

 5 
 6 

Fig 3.1.13.4. Pedestal layout 7 

 8 

 9 

Anchor Bolt&Base Plate Layout 10 

 11 

 12 

 13 
 14 

Fig 3.1.13.5 Anchor Bolt &Base Plate Layout 15 
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 2 

 3 

Steel Column Layout 4 

 5 
 6 

Fig 3.1.13.6 Steel Column Layout 7 

Staircase Detail 8 
 9 

 10 

 11 
 12 

Fig 3.1.13.7.Staircase Detail 13 

 14 

 15 
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 2 

Plinth Level Framing plan 3 

 4 

 5 

 6 
 7 

 8 

Typical Floor-Framing 9 

 10 

 11 

 12 
 13 

Fig 3.1.13.8. Plinth level plan & typical level plan 14 

 15 

 16 
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 2 

Connection detail & Schedule 3 

 4 

 5 
 6 

Fig 3.1.13.9. Connection detail & Schedule 7 

 8 

 9 

Connection detail&Schedule 10 

 11 
Fig 3.1.13.10. Connection detail & Schedule 12 
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3.1.14 Electrical 2 

 3 
 4 

Fig 3.1.14.1. Electrical layout & detail 5 
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Typical floor-Electrical 20 

 21 
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 23 
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Fig 3.1.14.2. Electrical layout & detail 25 
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Typical Unit -Electrical 24 

 25 

 26 
 27 

Fig 3.1.14.3. Typical unit Electrical layout & detail 28 

 29 

 30 

3.1.15 Fire Alarm Layout / Plumbing 31 
 32 
 33 
 34 
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Stilt floor 2 

 3 

 4 

 5 
 6 

 7 

Typical floor-Fire Alarm Layout 8 

 9 
 10 

Fig 3.1.15.1. Stilt & Typical unit FAS layout  11 

 12 

 13 

 14 
 15 

Fig 3.1.15.2. FAS details 16 
  17 
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 2 

Terrace floor–Light protection Layout 3 

 4 
 5 

Fig 3.1.15.3. FAS Terrace layout 6 

 7 

 8 

Plumbing&Fire Layout 9 

 10 

 11 
Fig 3.1.15.4. plumbing detail 12 
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Sewage Layout Storm Layout & Water supply and fire Layout 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 
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 19 
Fig 3.1.15.5 Sewage layout & water supply &fire layout 20 

 21 
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 25 
Fig 3.1.15.5 Sewage layout & water supply &fire layout 26 

 27 

  28 



59  

 1 

 2 

Substation Layout 3 
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Fig 3.1.15.6 Substation layout 22 

 23 
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 25 

Fig 3.1.15.6 Substation layout detail 26 
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 3 
3.1.15 Earthing detail 4 

 5 

 6 
 7 

Fig 3.1.15.7 Substation layout detail 8 

 9 
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CHAPTER 4 2 

ANALYSIS AND RESULTS 3 

 4 

Site Detail-Floor Plan 5 

 6 
 7 

Fig 4.1 site detail 8 
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 1 

Site Detail 2 

 3 
 4 

COST ANALYSIS-PVC PANEL vs CONVENTIONAL BUILDING 5 

 6 
Fig 4.1.1 block plan 7 

 8 

A G+13 storied building as shown in the (Plan and section of building) &Fig. 9 

(Elevation of building) is situated at Lucknow which I had done case study and I had taken it to 10 

do analysis. 11 

Area=9848 SQ.M 12 

Area of each unit(including balcony)=34.54 SQ.M 13 

Area of each unit(excluding balcony)=32.84SQ.M 14 

Area excluding walls carpet area=27.2 SQ.M 15 

Wall thickness 165 mm external and 64mm internal 16 

 17 

 18 
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4.1.COST ANALYSIS - PVC PANEL Vs CONVENTIONAL BUILDING 2 

 3 

 4 

 5 
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4.1.A COST ANALYSIS  - Table & Graph PVC PANEL vs CONVENTIONAL BUILDING 2 

 3 

 4 
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4.2 TIME ANALYSIS - PVC PANEL vs CONVENTIONAL BUILDING 4 
 5 
 6 
 7 
 8 
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 4 

Fig 4.2 TIME ANALYSIS - PVC PANEL vs CONVENTIONAL BUILDING 5 
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RESULT 1 

 2 

 3 

 4 

Fig 4.2.1 Result - PVC PANEL vs CONVENTIONAL BUILDING   5 
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 1 

4.3 LIFE CYCLE COST FOR PVC VS CONVENTIONAL BUILDING 2 
 3 
 4 

 5 
 6 
 7 

 8 
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 1 
 2 

 3 

RESULT 4 

 5 

Assuming the ac to be a 3 star rated, its Energy Efficiency Ratio ( EER )=2.7 cooling capacity of 1 6 

ton is equal to 3.517 kW of power. From the above calculation we come to know that it takes 120 7 

TR of air conditioning to remove the heat collected in the building per hour. For an 1 TR AC, the 8 

monthly cost would go up to Rs.1,382 considering that the AC runs for 8 hours a day, so the annual 9 

operation cost of running,57 TR of AC will be Rs. 1,990,080. Maintenance is 90% higher for the 10 

solid block system while compared with PVC panel system.   11 
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 3 

CHAPTER 5 4 

CONCLUSION 5 

RECOMMENDATIONS OF PVC WALL PANELING SYSYTEM IN CONSTRUCTION 6 

SECTOR 7 

 8 

Mass housing PVC panelling system are more cost efficient and economical. In this Construction 9 

we can reduce man power, cost and time of construction. The use of natural resources which are 10 

now day not easily available like river sand, water and agricultural land is used. It reduces adverse 11 

effects on environment. The building constructed using raw materials comes under green building 12 

categories as after constructing it energy requirement for hear insulation, sound insulation, humidity 13 

and temperature inside is less than conventional building. It is very effective technology to beat the 14 

current rising cost of construction. And the most important this new technology is having potential 15 

to provide shelter to the “HOMELESS INDIANS” . Thereby reduce burning down of the environment 16 

and help to reduce global warming. The PVC panelling system is used also to protect the lives and 17 

properties of the people as these building will be resistant to natural disasters like earthquakes, 18 

cyclone, fire etc. This will also contribute to achieve the goal of much needed social inclusive 19 

development due to its various benefits and advantages with affordability for low income segments 20 

also. 21 

 22 

 23 

ADVANTAGES OVER CONVENTIONAL BUILDING 24 

 25 

Less embodied energy and carbon footprint: significant reduction in use of river sand water and 26 

cement, recycling of industrial waste PVC. Lower cost of structure, due to that we can save 27 

materials. Lower Building weight contributing to savings in foundation and reduction in design for 28 

earthquake forces, particularly in multi-storied construction. Buildings up to 8 – 15 storeys can be 29 

designed using this load – bearing system, without the need for beams and columns. The 30 

structure in light weight and accurate. The whole construction is economical, cost effective, PVC 31 

panel is the perfect choice for many insulation and construction lightweight, fast and economic 32 

construction. 33 

 34 

CONCLUSION 35 

 36 

 37 

From the analysis of the case studies conducted it was found that construction cost of 10.5% is 38 

saved while using conventional solid block system but when used in mass housing the cost saving 39 

will be more in PVC is efficient in mass housing. 70% time is saved compared to conventional 40 

building when PVC panels are used. Most time is saved during panelling work and concrete work 41 

in PVC panelling work. To conclude that, PVC panelling, this method of construction is an 42 

alternative and efficient solution for building construction techniques. Therefore this is the good 43 

solution for fast delivery of mass dwelling / housing is very critical for reducing huge urban housing 44 

shortage in india. 45 

   46 

 47 

 48 


