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Abstract:

There is a rising trend in Kuwait to use post tensioning system in long span slabs as it reduces quantities of concrete and steel
reinforcement compared with conventional concrete system. This research aims to investigate the advantages &
disadvantages of post- tensioned structure system in comparison to the conventional structure system used in Kuwait, by
analysis and design a residential building in both cases. It was concluded that advantages of post- tensioned system were the
reduction in these items: slab deflections by 63%, acting bending moments by 35%, quantities of columns and footings by
15%, slabs concrete quantities by 25%, steel quantities by 47.20% and labor charges in site by 18%. In addition, it was
concluded that post- tensioned system reduces total used material cost by about 31% while saving in total concrete cost rate
was 25%. Moreover, the system saves construction time by 20%. and eliminates conflicts between concrete elements and
mechanical, electrical, and plumbing services. One of the major disadvantages of the system was that poor implementation
can lead to severe cracks or construction failure, that requires skillful professionals in site while local workers in Kuwait are
not qualified to implement the system. Also, system has poor flexibility with respect to future extension modifications and
presence of the risk factors due to Tendons Corrosion that may occur because of the use of low- quality materials or errors
of the system implementation in site. It is recommended to train construction field workers to design and implement system
professionally. Educational institutions and engineering society should have a vital role in training and raising awareness of
the system importance and benefits among engineers, contractors, and real estate owners. Also, occupants of the post-
tensioned buildings should be aware of the seriousness of any modifications in the structure as it impacts severely the safety
of the building. in addition, contract of occupants must include a condition that no architectural or structural modifications
are allowed.

Keywords: Post- tensioned flat slab, Post tension, Strands, Tendons, RCC flat slab, RAM.

1. Introduction

There are many structural floor systems used in construction. The conventional slab composed of reinforced concrete which
is supported by beams and columns. There are many types of conventional slabs, the common types are: solid slab consisting
of slab and beams, flat slab Consisting of flat slabs, ribbed slab consisting of slab and ribs in one direction and waffle slab
consisting of two directional perpendicular ribs. Conventional slab does not support large spans as it requires big concrete
dimensions and huge amount of reinforcement which conflict with the architectural requirement of the building. In addition,
it raises construction costs.

Post tension slab is one of many systems which were used to support large spans, it is a prestressed concrete structure using
steel tendons and cables to compress concrete to support loads and prevent any crack occurrence. Construction duration and
cost can be reduced effectively when using post tension slabs especially in high rise buildings [1], so there’s There is a rising
trend to use this system in long span constructions such as halls, exhibitions ,industrial buildings and newly residential
buildings.

The most important advantages of post tension system are reducing concrete dimensions and steel reinforcement due to
working the concrete with full section in compression. Hence, more slender design can be obtained. Moreover, Post-
tensioning make better use of concrete strength in compression and protect main steel against corrosion since tendons are
placed into ducts.

2. Literature review

Post-tensioning can be achieved by placing high strength steel tendons in formwork before casting, then tendons are pulled
up to designed tension after concrete acquire its required resistance using hydraulic jacks, keeping its tension force by special
anchorages which generate compression stresses on concrete sections to resist tension forces resulting from external loads.
Light non-prestressed steel is also added to post tension slabs for additional stresses resistance. Fig. (1) shows arrangement
of tendons in post tension slab.
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Figure 1 Arrangement of tendons in post tension slab
The prestressing forces counteract deflections of long spans since it keeps concrete element in compression. Prestressing
cabled are passed through ducts in designed arrangement, there are many types of arrangement: straight cable without
eccentricity, parabolic cable without eccentricity, straight cable with eccentricity and parabolic cable without eccentricity.
Tendons can be kept in ducts before casting concrete, or to be threaded after casting concrete. One end of tendons is anchored
in concrete while the other is anchored by hydraulic jack. Tendon forces is transferred to concrete at ends. Fig. (2) shows
end anchorage of tendon.

”

Figure 2 End stress anchorage system of tendons

Atanchorage ends, prestressing force is transferred to concrete by tendons. There are two methods to execute post-tensioning
concrete technology [2]:

2.1 Bonded Post-tensioned concrete

In Bonded post-tensioned concrete method, compression is applied after pouring concrete and the curing process. The
concrete is cast around duct. A set of tendons are fished through the duct and the concrete is poured. After the concrete has
gained its required stress, the tendons are tensioned to the designed stress by hydraulic jacks that react against the concrete
member itself, and then they are wedged in position to maintain tension after the jacks are removed, so that it transfers
pressure to the concrete to resist tension stresses. Ducts are filled with cement grouting after anchoring the tendons. It can
prevent corrosion of tendon. Moreover, it improves bonding stresses between tendons and concrete

This method is widely used in constructions such as raft foundation and slab on grade which is cast against expansive soils
that causes many technical problems for the construction so that all stresses from seasonal and swelling expansion can be
resisted by prestressing forces. Fig. (3) shows Bonded post-tensioned raft foundation.
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Figure 3 Bonded post-tensioned raft foundation

2.2 Unbonded Post-tensioned concrete

The difference between bonded and unbonded post-tensioned concrete is that each individual cable is provided the freedom
to move relative to the concrete; so each tendon is coated with a lithium based grease and covered by a plastic sheathing
formed in an extrusion process. In this method, steel cable transfer tension to anchors embedded in the concrete member
ends. The main risk of this method is that cable can destress itself and burst out of the slab if damaged such in case of concrete
repair. Fig. (4) shows unbonded post-te

Figure 4 Unbonded post-tensioned concrete slab

The advantages of each method are listed in table (1)
Table 1 Advantages of bonded and unbonded post tension method

Unbonded method Bonded method

Economical

Greater layout flexibility

Force transmitted solely by the anchors
Total force limited by anchor spacing
Retrofit openings require more care
Replaceable

Simple stressing equipment

Can be more costly due to duct placement & grouting
Force transmitted by anchors and bond to concrete
Greater total force can be applied

Strain compatibility with concrete

Openings less difficult

Minimizes need for non-prestressed reinforcement
More complex stressing equipment required
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e The ability to individually adjust cables based on e Large reduction in traditional reinforcement requirements
poor field conditions as tendons cannot distress in accidents.
e The procedure of post-stress grouting is eliminated e Tendons can be easily 'weaved' allowing a more efficient
e The ability to de-stress the tendons before design approach.
attempting repair work e Higher ultimate strength due to bond generated between the

strand and concrete.
e No long-term issues with maintaining the integrity of the
anchor/dead end.

2.3 Flat slab system
The flat slab is a two-way reinforced concrete slab without dropped beams except marginal beams at slab perimeter in some
cases. The applied loads are transferred directly to the supporting concrete columns [3].
The flat slab is designed to resist flexural, shearing, and torsional stresses in addition to shear punching stresses caused by
supporting columns, which can be resisted by three methods:
e Using a drop panel that reduces shear stresses on slab at column position and reduces deflection by stiffening the
slab, while it increases negative moment at column.
e Using a column head that increases shear strength on slab at column position and reduces clear span between
columns; so that positive moment between columns is decreased.
e  Using both drop panel and column head
e Using additional reinforcement steel
Fig. (5) shows flat slab with drop panels

e P

Figure 5 Flat slab with drop panels

There are many advantages of applying flat slabs increase clear ceiling heights; so, it gives the attractive appearance to the
structure. Moreover, simple, and fast made formwork is executed due to flat soffit which save construction time and cost and
gives better illumination as no dropped beams used in the flat slab system [4]. In addition, flat slab gives flexibility in design
layout, so architects have freedom to develop their design, also it eliminates the conflict between the building services such
as AC ducts and structure skeleton as all services are mounted under flat slab without any crossing with beams existing in
normal solid slab system. As a result, flat slabs are suitable for most of the construction especially in case of asymmetrical
column layouts such as curved slabs [5]. But the main disadvantages of flat slab that its resistance to seismic is low compared
to conventional slab beam column structure [6].
2.4 Advantages of post-tensioned slab
Post-tensioned slab system offered many advantages compared to nominal reinforced concrete system [7] as follows:

e Minimize concrete dimensions
Reduce elements deflection
Reduce crack behavior; so, it provides protection for steel against corrosion.
Increase fatigue strength as alternating stress amplitude is small.
Reduce concrete quantities and the total tonnage of steel.

782
Alhawaj Economic & Building System Assessment of Post-Tension Structure in Single Detached Residential Architecture



http://www.ajsp.net/

@AJSP

csolellpiillamellalxall

ISSN: 2663-5798 || Arab Journal for Scientific Publishing Sl Gl A,MJ\ — o J\A.m‘gj
#2025 — Gleasi — 2 1 laa) S
NI B omman oo ey AR = > .
IS e : =G e www.ajsp.net

e Reduce construction time especially in case of using precast elements supported on post tension elements.

e Reduce stresses in the construction elements due to reduction of dead load as the slab weights are reduced.

e Maintain construction serviceability as the temporary cracks close after releasing overload due to post-tensioning

forces.

2.5 post-tensioned slab compared with RCC flat slab
It is found from previous researches that the reduction of dead load in the case of the post-tensioned slab is between 60% -
80% as the required slab thickness required for flat slab should exceed 125 mm [8]. Moreover, flat slab system requirements
include super imposed load not exceeding 3 times dead load and the ratio between longer and shorter span must be less than
2.2 times. Additionally, flat slab is limited to a span of up to 7 meters as the construction cost increases for longer spans
which requires another economic system.
Using post-tensioned slab reduce concrete amount up to 25 %, and typical rebar of up to 65 % [9], so that it can be more
economic for one-way slab of span exceeding 7 meters, while the span length of up to 9 meters is commonly used for 2-way
post-tensioned slab. Cost comparison between Post-tensioned flat slab and RCC flat slab with reference to slab span is shown
in fig. (6).
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Shuttering removal time of post-tensioned slab is less than flat slab time as slab shuttering is removed after tendons are
stressed which reduces the construction time and increases the possibility of exploiting the building facilities [10].

The lighter weight of post-tensioned slab construction results in reducing concrete quantities of columns, walls, and
foundations, hence the construction cost reduces In addition, post-tensioned slab provides lower cracks and permeability [1].
A model of ground and 24 floors was analyzed to investigate and compare seismic behavior of RCC Flat slab and Post-
tensioned slab using the methodology of Linear time history analysis integral [11]. It was included that using post-tensioned
slab reduces about 11% to 12% of bending moment while reduction of axial force in slabs was 5% to 7% compared with
RCC flat slab. It is also included that RCC flat slab system is more flexible and ductility compared with Post- tensioned
system as connections and supports moment increased resulting in larger displacement, so that RCC flat system fails earlier
than Post- tensioned system [12].

SAFE 2D model was made in a comparative analysis of Post-tensioned flat slab and RCC flat slab regarding 3 cases for
disposition of the columns and 3 sub cases refer to the orientation of the column drop [13]. Sub case A represents column
drop provided along Y direction whereas sub case B represents column drop provided in X direction, and Sub case C refers
to the column drops provided both along X and Y directions.

It is concluded that deflection for Post-tensioned flat slab is less than RCC flat slab by about 10% to 20% in Case I, 25% to
35% in Case Il and 35% to 45% in Case I1l. Moreover, bending moments of Post-tensioned flat slab are less by about 75%
to 85% in Case I, 60% to 70% in Case Il and 50% to 60% in Case Ill. In addition, average cost saving in case of Post-
tensioned flat slab was about 7% to 8.5 % due to slab thickness reduction. Generally, Post-tensioned flat slab was economical
than flat slab in all cases. Cost comparison for flat slab and PT flat slab whereas Fig.(8) shows percentage of Cost saving in
PT flat slab.
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Figure 7 Cost comparison for flat slab and PT flat slab
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Figure 8 Percentage of Cost saving in PT flat slab

The main applications of Post-tensioning are listed as follows:
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Long spans Construction.

slabs on ground on expansive soils.

Bridges and mega halls.

For economic, durable, and esthetic look constructions.
Strengthening of existing structures by external post-tensioning.
Concrete water tanks to minimize leakages and decrease crack width.
3. Objectives

This research aims to investigate the advantages & disadvantages of post- tensioned structure in comparison to the
conventional structure system used in Kuwait by analyzing real model of residential building in Kuwait to calculate the
following items in each case:

e Deflection of slabs.

e Bending moments.

¢ Normal and shear stresses & Reaction of columns

e Quantities estimating and costing

e Construction time.

e  System impact on mechanical, electrical and plumbing services.

Finally, general conclusions and recommendations will be provided to illustrate the advantages and disadvantages of post-
tensioned structures.

4. Methodology

The objectives of research were achieved for this comparative research for slabs through following methodology steps:
¢ Solving a model of RCC Flat slab using RAM program.

Solving the same model of Post- tensioned slab using RAM program.

Analyzing models to calculate stresses and deflections in both cases.

Design slabs to estimate required concrete dimensions and RFT steel.

Comparing concrete quantities and RFT steel in both cases.

Exploring advantages and disadvantages of the post- tensioned system from previous studies.

5. Modeling and design criteria

Typical floor of residential building of 226.8 m? gross area, it has plan size of 21000 x 11000 mm, whereas net area is 214
m? by excluding stair and elevator core areas. The spans in X direction is 10000 & 8200 mm respectively, while Y direction
span is 8200 mm. fig. (9) shows architecture floor plan.
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Figure 9 Architecture floor plan

5.1 Design criteria and materials
All concrete elements were designed according to code ACI 318-14, loading and materials are listed as following:
- Concrete density = 25 KN/m3
- Liveload (LL) =2 KN/m2
- Super imposed load (SIL) =5 KN/m2
- Cylinder concrete strength after 28 days Fc = 31 mpa (K400)
- Cylinder concrete strength at prestressing Fc = 25 mpa
- Reinforcing steel (rebar) as per ASTM A-615 grade 60 of 420 mpa yield strength.
- Steel strand as per ASTM416 of 1680 mpa yield strength and Fu=1860 mpa
- PT strand of diameter 12.70mm bonded of anchor friction =.02, wobble friction= 0.002 and angular friction= 0.2
mm.
- jacking force= 145KN is to be applied fully at one time.
- Banded tendons were arranged in Y direction and distributed tendons in X direction.
5.2 Loading combinations
The main load combinations were taken as per (ACI 318 — 14) as follows:
- Dead & Balance (SWL+BL+SIL)
- Initial service (SWL+1.13BL)
- Service (SWL+BL+SIL+LL)
- Sustained service (SWL+BL+SIL+0.25 LL)
- Factored (1.20 SWL+ 1.20 SIL+ 1.60 LL)
- Long- term deflection (3 SWL+ 3 BL+ 3 SIL+ LL)

6. Structural systems
Three construction systems were modeled and designed separately by RAM 6 program to compare Post- tensioned slab and
RCC Flat slab in terms of deflections, stresses, moment, quantities, and cost. The construction system cases are listed as
follows:
Casel: RCC flat slab of thickness 220 mm.
Case2: RCC flat slab of thickness 270 mm and drop panel of size 2000x2000 mm and 500 mm thickness.
Case3: Post- tensioned flat slab of thickness 220 mm.

7. Modeling analysis and results
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7.1 Slab Deflections
Short term & long-term deflection were calculated by program according to the Corresponding combinations. the permissible
deflection values [14] were calculated as following:
- immediate deflection due to LL = L/360 = 8200/360 = 22.78 mm
- Long- term deflection and additional LL = L/240 = 8200/240 = 34.17 mm
table (2) shows the deflection of floor in the three cases
Table 2 Deflection of floor in the three cases

Deflection type Case (1) Case (2) Case (3)
Immediate live load def. (mm) 23.29 11.76 3.27
Short term deflection (mm) 37.19 20.31 13.74
Long- term deflection (mm) 93.76 31.15 33.85

Analysis results show that deflection of RCC flat slab of thickness 220 mm (case 1) is the larger deflection. it also widely
exceeds value of long-term deflection permissible limit, so there were two solutions to get safe values: first is to increase
slab thickness and use drop panels at columns (case 2), the other one is to convert slab system into post- tensioned flat slab
(case 3). it is concluded that post- tensioned flat slab system reduces deflection by 63% compared with RCC flat slab having
the same thickness. Deflections in both cases are within the allowable limits as calculated. it is concluded that long- term
deflection in both cases has almost the same value, so comparison was held between the two cases in terms of stresses,
moments, quantities, and cost. Fig. (10) & (11) shows long- term deflection of post- tensioned floor and RCC flat slab,
respectively.

Figure 11 Long- term deflection of RCC flat slab floor

7.2 Bending moments:
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Deign strips in directions X and Y are assigned in the three cases to calculate bending moments in middle and edge column
strip. In addition to field strip in both directions. The max. moment values of design strips due to service combination are
shown in table (3)

Table 3 Max. bending moment values (KN.m) of design strips

Strip location Bending moment RAS A EED | INGS RS HlE PT. flat slab
(case 1) (case 2)
Max 59.10 56 33.9
M-x -113 -160 -86.4
Middle column strip
M.y 44.1 47.3 29.5
M.y -85.2 -97.4 -96.3
M.x 45.2 58.7 25
M-x -49.7 -58.9 -28.6
Edge column strip
M.y 65.3 68.4 36.9
M.y -51.6 -58.1 -39.9
M.x 49.1 515 30.7
M-x -23 -20.7 -11.2
Field strip
M.y 56.2 60.5 33
M.y -0.48 -0.71 -0.29

It is concluded that max. bending moments in RCC flat slab (case 2) have more values than post- tensioned flat slab in service
load combination, it refers to balance moments resulting from prestressing tendons, in addition to the increase of slab self-
weight in case of RCC flat slab.

Also, it is shown from table that bending moment values in case of RCC flat slab (case 1) are more than values of post-
tensioned flat slab by 35% in average, it refers to the effect of balance moments which reduces bending moments.

Fig. (12), (13), (14) & (15) shows moment contours of post- tensioned floor and RCC flat slab in X & Y directions,
respectively.
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Figure 12 X- direptigﬁ moment contour of post- tensioned}L slab
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Figure 14 Y- direction moment contour of post- tensioned floor
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Figure 15 Y- direction moment contour of RCC flat slab

7.3 Axial and shear stresses
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Axial and shear stresses of slab in both directions for top & bottom surface according to service loading combination were
calculated by program in RCC flat slab system (case 2) and PT flat slab (case 3) for comparison purpose in terms of stresses.
Table (4) shows max. axial and shear stresses (MPA) of slab.

Table 4 Max. axial and shear stresses of slab (MPA)

stress surface stress ;CC sl fese PT flat slab (case 3)
Gix 7.52 12.29
top
C x -5.17 -6.73
Axial X- G +x 0.81 1.61
direction middle
C x -0.52 -6
G +x 4.85 5.02
bottom
C x -8.51 -17.82
G4y 5.47 26.43
top
Gy -6.25 -7.42
Axial Y- Gy 0.43 1.09
direction middle
G-y -0.97 -6.7
G4y 5.94 3.4
bottom
oy -6.13 -32.49
Shear Q-x -0.57 -2.59
x- direction Qx 1.23 1.89
Shear Q-y -0.45 -3.17
Y- direction Qy 1.13 4.2

Table (4) shows that axial and shear stresses of post- tensioned slab exceed the corresponding values of RCC flat slab, it
refers to the effect of prestressing forces which increase stresses on slab. Fig. (16, 17, 18 & 19) shows top axial stresses and
shear stresses of both cases in X direction, while fig. (20, 21, 22 & 23) shows top axial stresses and shear stresses of both
cases in Y direction.
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Figure 18 X- direction shear stresses contour of RCC flat slab
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Figure 19 X- direction shear stresses contour of PT
flat slab

Figure 21 Y- direction axial stresses contour of PT flat slab
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Figure 23 Y- direction shear stresses contour of RCC flat slab

7.4 Reaction of columns

Reaction on supporting columns were calculated according to the ultimate combination in RCC flat slab system and post-
tensioned flat slab to estimate the slab system effect on columns dimensions. table (5) shows vertical reaction of columns in
both cases.
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Table 5 Vertical reactions of supporting columns (KN)
Service combination Ult. combination
column
RCC flat slab | PT flat slab (case | RCC flat slab (case PT flat slab (case 3)
(case 2) 3) 2)
X1/Y1 229 170 283 216
X3/Y1 632 536 791 670
X4/Y1 463 419 577 526
X1/Y4 338 297 419 369
X3/Y4 680 595 851 741
X4/Y4 455 412 568 518

it is concluded from results that columns reaction of post- tensioned flat slab (case 2) are less than reactions in RCC flat slab
(case 3), since the reactions reduces by 15% in average. it refers to the lighter weight of post- tensioned flat slab compared
with RCC flat slab. As a result, concrete quantities of columns and foundations will be reduced almost by the same ratio.

7.5 Quantities estimating and costing

Quantities of concrete, reinforcing steel, prestressing steel and formwork are calculated by RAM program. Quantities were
calculated according to the final design of slabs in both cases of post- tensioned flat slab (case 2) and RCC flat slab (case 3).
Also, cost rate per square meter of slab was calculated in both cases using the current material rates. Table (6) shows material
quantities and cost rates for the cases considered.

Table 6 Material quantities and cost rates of slab

Item RCC flat slab (case 2) PT flat slab (case 3)
Concrete guantities (m®) 63.40 47.22

Reinforcing steel (metric ton) | 7.48 2.43

prestressing steel (metric ton) | ---- 1.52

Total material cost (kd) 2830 1954

Slab area (m?) 214 214

Cont. Table 7 Material quantities and cost rates of slab

Item

RCC flat slab (case 2)

PT flat slab (case 3)

Material cost rate (kd/m?)

13.22

9.13
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Labor charges
(kd/mz) 11

el

Total cost rate (kd/m?)
24.22 18.13

Estimation results show that concrete quantities are reduced by 25% in post tension slab system compared with RCC flat
slab, while the percentage of decrease in reinforcing steel is 67.5% with replacement of 1.52 ton prestressing steel at rate
7.10 kg/m? of slab, hence low rate of prestressing steel resulted in large saving of reinforcing steel. The total percentage of
decreasing steel quantities including prestressing steel was 47.20%.

In terms of cost, it is concluded from results that post tension slab system reduces total material cost by about 31% which is
considered a significant saving. In addition, post- tensioned slab system achieved saving in labor charges by 18% to achieve
saving in total concrete cost rate by 25%.

fig. (24) shows RCC flat slab floor reinforcement plan, while fig. (25, 26) shows prestressing steel arrangement in PT flat
slab floor both directions X &Y.

T
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Figure 25 Distributed prestressing steel in X direction
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Figure 26 Banded prestressing steel in Y direction

7.5 Construction time:

Post- tensioned slab system reduces reinforcing steel works time by about 40% due to decreasing of steel amount by about
47%. In addition, it reduces the formwork time as it provides thin flat slab without dropped beams. Moreover, it reduces
shuttering removal time after prestressing tendons by about 45%, so the system decreases construction time by about 20%
which enhances economic feasibility of the system.

7.6 Mechanical, electrical, and plumbing services:

Conventional concrete system faces many problems in terms of coordinating construction services as dropped beams and
large thickness slabs reduce the clear height of the floor, which interferes with paths of the services causing holes to be cut
in the beams that reduce the strength of the structure.

The Post- tensioned slab system eliminates conflict between the concrete floor elements and the mechanical, plumbing, and
electrical services, as it provides thin floor flat slab, so clear height of the floor increases allowing the ducts and trays to pass
without any interfere with concrete elements, hence it improves coordination between different work disciplines.

8. Conclusions and recommendations

Based on the study analysis and results mentioned above, the following conclusions and recommendations are made:
8.1 Conclusions

1. Itis concluded that post- tensioned flat slab system reduces short and long- term deflection by 63% compared with RCC
flat slab having the same thickness and unsafe deflection; as the balancing moment resulting from compression forces
of prestressing tendons reduces the total moment of slab, thus it decreases slab deflection significantly.

2. The alternative solution for post- tensioned flat slab which gives the same deflection values is RCC flat slab with drop
panels at columns, so concrete quantities and loads on columns and foundations will be increased.

3. Bending moments of RCC flat slab are more than moments of post- tensioned flat slab by 35% in average, it refers to
balance moments resulting from prestressing tendons which reduces the acting moments, in addition to the increase of
slab self-weight in case of RCC flat slab.

4. 1t is concluded that post- tensioned flat slab system increases axial and shear stresses, it refers to the effect of compression
forces of prestressing forces to eliminate tension stresses.

5. Post- tensioned flat slab system reduces reactions of columns and footings by 15% in average compared with RCC flat
slab. it refers to the lighter weight of post- tensioned flat slab compared with RCC flat slab. As a result, concrete quantities
of columns and foundations will be reduced almost by the same ratio.
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6. Post- tensioned flat slab system reduces concrete quantities by 25% compared with RCC flat slab. In addition, columns
and footings quantities are reduced because of reducing self-weight of slabs.

7. Prestressing steel of post- tensioned flat slab system at rate 7.10 kg/m? reduces reinforcing steel by 67.5% compared with
RCC flat slab, hence low rate of prestressing steel resulted in large saving of reinforcing steel. The total percentage of
decreasing steel quantities including prestressing steel was 47.20%.

8. Post- tensioned slab system achieved saving in labor charges by 18%, it refers to reinforcing steel works as its quantities
by about 67.5%.

9. Post- tensioned slab system reduces time of construction by 20% since it saves reinforcing steel works and shuttering
removal time which enhances economic feasibility of the system.

9. It is concluded from results that post- tensioned slab system reduces total material cost by about 31% which is considered
a significant saving, while saving in total concrete cost rate was 25%, which makes post- tensioned flat slab system more
economical system compared with conventional slab system.

10. It can be deduced that post- tensioned slab system reduces slab thickness by about 30%, so the system satisfies
architectural requirements regarding optimum use of the building and gives flexibility to architectural design, so the
system is ideal for the expression of creativity in the building design.

11. The Post- tensioned slab system eliminates conflict between the concrete floor elements and the mechanical, plumbing,
and electrical services, as it increases clear height allowing the ducts and trays to pass without any interfere with concrete
elements, hence it improves coordination between different work disciplines.

12. Post- tensioned system requires skillful professionals in site, but local workers in Kuwait are not qualified to implement
the system, as they have not sufficient experience and training.

13. One of the major disadvantages of Post- tensioned system is that poor implementation can lead to severe cracks or
construction failure, as it requires high quality control in site. For example: corrosion of wires may occur due to poor
gap filling of tendons, that cause breaking of wires.

14. Post- tensioned slab system has poor flexibility with respect to future architectural modifications that may require
openings in floors in extension works to avoid tendons cutting. Moreover, maintenance and follow- up are needed
throughout the life cycle of the building to prevent any structure modifications and monitor any effects of tendons
corrosion, as it severely impacts building safety.

15. Tendons Corrosion may occur for many reasons such as: the use of low- quality materials and errors of the system
implementation in site.

16. Implementation of Post-tensioned system requires that the occupants of the building be aware of the seriousness of any
modifications to the concrete structure, even they are minor one such as small pipe openings.

17. One of the Barriers to implementing the Post-tensioned system in Kuwait are the lack of awareness about system among
consultants, contractors, and real estate owners.

18. The study results comply with previous studies regarding economy of post- tensioned slab systems at spans longer than
7m for one-way slabs and 8m for two-way slabs, but the considering ratios differ according to many parameters such
as: columns distribution, building uses, span lengths and prestressing type.

8.2 Recommendations

1. Itis recommended to use post- tensioned flat slab in case of spans exceeding 7m, since system provides more economical
solution compared with conventional concrete system. Moreover, system saves shuttering removal time and labor
charges.
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2. It is recommended to use post- tensioned flat slab if conventional concrete system fails to satisfy architectural
requirements due to big concrete element dimensions, especially if conventional concrete system conflicts with building
service paths such as AC ducts and electrical cables.

3. In case of high-rise building, it is recommended to use post- tensioned flat slab with dropped post- tensioned beams to
resist lateral seismic loads, as the post- tensioned flat slab without beams has a weak resistance to lateral forces.

4. High quality control in site and skilled professional labor must be provided to execute post- tensioned flat slab system
successfully.

5. Itisrecommended to raise awareness of the system importance and benefits as an economical alternative to conventional
concrete systems in special cases among engineers, contractors, and real estate owners. Educational institutions and
professional engineering societies should have a vital role in this issue, and in training construction field workers to
design and implement system professionally.

6. Itis not recommended to choose post- tensioned flat slab system if there is a possibility of changing architectural planning
of building in the future such as changes in the location of commercial stores or Combine two apartments on top of each
other that may require opening in floor, as it is prohibited in the system due to cutting of tendons.

7. 1t is necessary that the contract with the occupants of the building stipulate that any modifications to the structural
structure are prohibited. In case of post- tensioned slab system, it is necessary to add warning that slab openings severely
affect building safety.

8. Itis recommended to carry out more studies on post- tensioned flat slab according to variable parameters to estimate the
impact of affecting parameters on system design and economy such as: columns distribution, building uses, span lengths,
and prestressing type.

9. More studies are needed to investigate post- tensioned flat slab behavior against seismic effect and its economy,
comparing it with other systems such as: post- tensioned flat slab with post- tensioned beams, RCC flat slab and solid
slab with beams.
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