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Abstract— This paper presents experimental data and results on the effect of externally bonded fiberreinforced polymer (FRP) with studs from FRB on the punching shear behavior of interior slab-column
connections. A total of sixteen square slabs with a concentric column were constructed and tested. One
specimen act as a control, and the others specimens strengthened with three different strengthening
techniques. The first technique consists of 6 slabs strengthened with external FRB strips with different
configuration (skewed or orthogonal) and different location from column face (offset or adjacent) and the
second technique consist of 4 slab strengthened with external FRB strips with studs from FRP located on
both side of the strips with spacing 100 mm and cross at intersection of strips which act as shear
reinforcement and wrapping FRP strips to delayed debonding of FRP and improve the structure behavior
of strengthened connection. The third technique consists of 5 slabs strengthened with external FRB and
steel plates with different size 350 x 350 mm and 450 x 450 mm at the center of the slab. The test variables
were the location of FRP strips (adjacent or offset column face), the number of strips layer and the
orientation angle of the strips (Orthogonal and Skewed), and the type of materials (GFRP, CFRP, Steel).
Size of plate 350 x 350 mm or 450 x 450 mm and method of strengthening. The test results clearly showed
that FRP with studs strengthening leads to significant improvements in the structural behavior of slabcolumn connections. The increase in punching capacity of strengthened slabs was up to 48%, while the
increase in stiffness was up to 92% compared to the control slab.
Keywords— Concrete, Flat Slab, FRP, Punching, slab-column connections, strengthening.

I.

INTRODUCTION

Flat concrete slabs are a typical form of flooring
systems used in a wide range of buildings such as offices,
warehouses, and parking garages. Flat slabs are directly
supported on columns providing more vertical clear space
due to the absence of beams. The connection between the
slab and the column in this system is generally the most
critical part due to its vulnerability to punching shear
failure. Punching shear failures are very brittle in nature
and take place within small deflections. Punching strength
in slabs can become insufficient due to several reasons
such as change of building use, corrosion of reinforcement,
and construction or design errors. Punching shear is
characterized by cracking within the slab around the

column with a truncated cone-shaped element being
displaced. In general, the predicted punching failure load is
governed largely by the flexural characteristics of the slab.
Over the past decade, a significant amount of research has
dealt with various strengthening techniques for concrete
slab-column connections to prevent sudden punching shear
failure. FRP can be used in two methods; externally
installed [1] [2] and internally installed [3] [4]. The FRP
externally strengthened system consists of one or more
FRP sheets / strips bonded to the tension side of the slab
using epoxy adhesive. This strengthening method increases
the flexural reinforcement and therefore increases the
punching shear strength by delaying the shear cracks
formation. The common failure for external strengthening
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technique is the premature debonding of FRP, which could
be delayed and improve the structural behavior of
strengthened connection by providing end anchorage to the
externally bonded FRP [5].Post-installation of FRP studs
or FRP shear dowels, as shear reinforcement, in drilled
holes filled with suitable epoxy grout falls into internal
strengthened method for slab-columns connections. The
drilled holes, to insert shear reinforcement, in the critical
punching shear area of the slab near the column could
further damage the degenerated slab. The near surface
mounted (NSM) for strengthening RC elements. In this
strengthening method, grooves are cut in the concrete
cover of the structural elements and are partially filled by a
suitable bonding adhesive. After that, the reinforcing bars
are inserted in the grooves and covered by the bonding
adhesive. Finally, the surface of the structure element is
leveled. The strengthening of RC beams and slabs in
flexure by NSM technique using FRP bars [6] [7]
[8].Another research investigated the shear performance of
RC beams strengthened by the NSM technique using FRP
bars in the form of external stirrups [9] [10] .
The main objective of this study is to investigate the
effectiveness of using combination of FRP strips with
studs from FRP which wrapping FRP strips to delayed
debonding of FRP strips, act as shear reinforcement and
improve structural behavior against punching shear failure.
This paper presents the experimental results of the study
and a comparison of the test data with an analytical model.

II.

EXPERIMENTAL PROGRAM

2.1 Specimens and test matrix
Sixteen RC slab-column connections subjected to
punching loading were constructed and tested in the
experimental program. The main objective of the test
program was to investigate the effectiveness of using
combination of FRP strips with studs from FRP. Studs
wrapping FRP strips to delayed debonding of FRP strips,
act as shear reinforcement and improve structural behavior
against punching shear failure. One specimen act as a
control, and the others specimens strengthened with three
different strengthening techniques. The first technique
consists of 6 slabs strengthened with external FRB strips
with different configuration (skewed or orthogonal) and
different location from column face (offset or adjacent)

and the second technique consist of 4 slab strengthened
with external FRB strips with studs from FRP located on
both side of the strips with spacing 100 mm and cross at
intersection of strips which act as shear reinforcement and
wrapping FRP strips to delayed debonding of FRP and
improve the structure behavior of strengthened connection.
The third technique consists of 5 slabs strengthened with
external FRB and steel plates with different size 350 x 350
mm and 450 x 450 mm at the center of the slab.
The description of strengthening schemes and
nomenclatures for tested specimens is gives in Table 1.
The first letter of the nomenclature of the specimen (S)
standing for slab. The second letter points to the
strengthening technique, where (P) for externally bonded
plate and (S) for externally bonded strips. The third letter
refers to the strengthening configuration relative to the
orientation of the slab reinforcement, (O) for orthogonal
and (K) for skewed. The fourth letter indicates the location
of strips from the column (F) offset column face (A)
adjacent to column face. The fifth letter point to type of
material used in strengthening (G) for glass fiber (C) for
carbon fiber and (S) for the steel.The sixth letter point to
the presence of studs or not (S) for studs. Figure. 1 shows
the strengthening schemes used in the presents study.
All the specimens had the same dimensions and steel
reinforcement details, as shown in Figure. 2. The slab
dimensions were 1150x1150 mm and 100 mm thick. The
specimens were designed to be supported along the four
edges with clean spans 1000 mm in both directions. A
column stub 150x150 mm was cast monolithically at the
center of the slab. To simulate the actual interior slabcolumn connections, the column extended 150 mm up and
50 mm down the slab faces, and the slab reinforced with
top and bottom meshes. The slabs were reinforced using
high tensile steel bars of 10 mm diameter. The bottom
mesh was 11Ø10 and the top mesh was 7Ø10. The
columns were reinforced with vertical high tensile steel
bars Ø12 in each corner of the column and normal mild
steel stirrups 8 mm every 100 mm. A clear concrete cover
of 20 mm and 15 mm was kept at bottom and top of the
slabs, respectively.

This article can be downloaded from here: www.ijaems.com
©2022 The Author(s). Published by Infogain Publication.
This work is licensed under a Creative Commons Attribution 4.0 License. http://creativecommons.org/licenses/by/4.0/

2

Khaleel et al.

International Journal of Advanced Engineering, Management and Science, 8(2) -2022

Fig.1. Strengthening Schemes (all dimensions in mm)
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Table 1. Test Matrix
studs type
Group

Slab ID

1

Fabrictype

Number of
FRPlayers

with spacing
100mm

-

-

-

Glass

2

Glass

S-S-O-A-C

Carbon

2

-

S-S-O-A-G

Glass

2

-

5

S-S-O-A-G*

Glass

3

-

6

S-S-O-F-G-S

Glass

2

Glass

S-S-O-F-G

Glass

2

-

Glass

2

Glass

S-S-K-A-G

Glass

2

-

S-S-K-F-G-S

Glass

2

S-S-K-F-G

Glass

2

-

2

S
S-S-O-A-G-S

3
4

7
8
9

group 1

group 2

S-S-K-A-G-S
group 3

10
11

group 4

S-P-O-F-G

Glass
350X350

2

-

13

S-P-O-F-G**

Glass
450X450

2

-

S-P-O-F-C

Carbon
450X450

2

-

S-P-O-F-S

Steel
350X350

-

-

S-P-O-F-S*

Steel
450X450

-

-

group5

15
16

group6

Control; no strengthening

Orthogonal; adjacent tocolumn face

Orthogonal; offsetcolumn face (d)

Skewed; adjacent tocolumn edge

Glass
Skewed; offset columnedge (d)

12

14

Description ofstrengthening
configuration

Center of the slab

Center of the slab

G*: specimen strengthened with three layers
G**: specimen strengthened with glass plate with size 450 x 450 mm
S*: specimen strengthened with steel plate with size 450 x 450 mm
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Fig.2. Dimensions and reinforcement details for tested specimens (All dimensions in mm)

2.2 Material properties

to the manufacturer. The width of the strips was 100 mm.

2.2.1 Concrete

2.2.3 Strengthening procedures

The concrete mixture used in the tested specimens
consists of Ordinary Portland Cement (OPC-42.5 grade),
natural sand with 2.6 fineness moduli and crushed
dolomite with maximum aggregate size 16 mm. the target
compressive strength (fcu) at 28 days was 30 Map. The
actual fcu was obtained at the day of testing and based on
cubes (150x150x150 mm) were casted and cured with the
tested specimens.

2.2.3.1 EB Strengthening technique

2.2.2 GFRP Sheets and CFRP Sheets
CFRP strips used in this study are SikaWrap230,
which is a product of Sika Company. The strips were
bonded to the bottom face of the slabs using epoxy
Sikadur-330. Table 2 gives the mechanical properties of
the carbon fiber, glass fiber, glass studs and steel according

The CFRP and GFRP strips externally strengthened
the concrete slab, were cutoff 800 mm long and 100 mm
width and were placed around column in orthogonal or
skew orientation, as shown in Fig.1. Angle grinder with a
wire brush was used to rough the concrete surface, where
the strips would be placed. The surface was cleaned from
loose materials using a vacuum cleaner. Then, the epoxy
adhesive (Sikadur-330) was applied on both strips surfaces
and the marked locations on the concrete surface. The
strips were then pressed on to the concrete surface using a
smaller roller. The excess epoxy was squeezed from the
slides and cleaned.
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location of holes before casting

levelling the bottom surface of the slab
by using grinder

just after casting concrete

removing small pieces of steel bars

bonded the FRP strips by using
epoxy

fixed the studs on their places

Just after bonded the studs by using epoxy

the rolls of GFRP studs

Fig.3. Strengthening Procedures using EB technique with studs
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2.2.3.2 EB Strengthening technique with studs

2.2.4 Test-up and Instrumentation

The same previous technique but make holes on the
side of strips which penetrating overall slab depth the holes
were formed during concrete casting using small pieces of
steel bar, as indicated previously. After casting and curing
the specimens, the holes were cleaned from the steel pieces
and loose materials. Then the epoxy Sikador-330 filled
halfway the hole, GFRP studs was slightly inserted forcing
the epoxy to fill completely between the sides of the hole
and the studs. A second layer of epoxy was applied to fill
the hole and the residue epoxy was removed, and the
surface was leveled. studs from FRP located on both side
of the strips with spacing 100 mm and cross at intersection
of strips which act as shear reinforcement and wrapping
FRP strips to delayed debonding of FRP and improve the
structure behavior of strengthened connection Fig.3 shows
the strengthening procedures for a specimen using EP
technique with studs.

The specimens were centrally loaded using a
hydraulic jack, 1000 kN maximum capacity, connected to
an electric pump, and hanged in a rigid reaction frame,
1000 kN maximum capacity. The specimens were
supported on steel rod bars along all four sides to behave
as simply supported. The rod bars were welded to I-shaped
steel beams. The load was distributed to the head of
column stub using a thick steel plate. The applied load was
record using a load cell of 1000 kN maximum capacity
placed under the hydraulic jack. To monitor the deflection,
Three Linear Variable Differential Transducers (LVDT)
were placed beneath the center of the column stub and
quarter-span of the slab. For each strengthened specimen,
one strain gauge was attached to the strips and the other
attached to concrete surface. The cracks propagation was
marked with applied load increasing up to failure. All test
data were captured using data acquisition system and
recorded on a computer at intervals of two seconds. Figure.
4 illustrates the test set-up.

Table 2. Dimensions and characteristic properties of GFRP, CFRP and STEEL
Characteristic

GFRP sheets

Characteristic

GFRP Studs

.1

Fabric width (mm)

500

Diameter

6

.2

Fabric thickness (mm)

0.17

Tensile strength

1375

.3

Tensile strength (Mpa)

2300

Modulus of elasticity (Mpa)

66245

.4

Modulus of elasticity (Mpa)

76000

.5

Strain at failure

3.0%

Characteristic

GFRP sheets

Characteristic

Steel Sheets

500

Sheet width (mm)

350 x 350

Sheet thickness (mm)

450 x 450

.6

Fabric width (mm)

.7

Fabric thickness (mm)

0.128

.8

Tensile strength (Mpa)

4300

.9

Modulus of elasticity (Mpa)

234000

.10

Strain at failure

1.84%

III.

EXPERIMENTAL RESULTS AND
DISCUSSION

The experimental test results are summarized in Table
3. The effect of test parameters on the behavior of tested
specimens under punching load will been discussed in the
following sections.
3.1 Load-deflection Relationships
Figures.5-11 show the deflection of the column stub,
located at the center of the slab, versus the applied load
according to the test parameters. The curve of control
specimen increased almost linear till reached the peak

load, and then the load suddenly dropped due to brittle
punching shear failure. The load-deflection curves for the
strengthened specimens were similar to that of control
specimen, except the decreasing of the load after reaching
its peak value was less sharp. The load-def show
increasing in the ultimate load and decreasing in the
deflection at the same load for all strengthened specimens
compared to the control specimen. The reduction of the
deflection of the strengthened specimens compared to
control specimen were qualified by measuring the
deflection for all test specimens at the ultimate load of the
control specimen (Δuc), which listed in Table 3.
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Fig.4. Test Set-up

Table 3. Summary of experimental results

1
Slab ID

ST

Cracking

Uncracked
Stiffness
(Ki)

Ultimate
Stiffness
(KU)

Δuc

𝐏𝒄𝒓
∆𝐜𝐫

𝐏𝐮 − 𝐏𝒄𝒓
∆𝒖 −∆𝐜𝐫

Ultimate
𝐏𝐮

Fcu
(Mpa)

𝐏𝐜𝐨𝐧𝐭𝐫𝐨𝐥
Load(pcr
)KN

Deflection(Δ
cr)mm

Load(p
u)KN

Deflection(Δcr)
mm

S

31.80

51

2.94

172

13.30

1

13.30

17.35

11.67

S-S-O-A-G

32.40

75

2.92

188.89

10.08

1.1

9.17

25.68

15.90

S-S-O-A-G*

32.20

68

2.88

195.89

13.04

1.14

11.47

23.61

12.52

S-S-O-A-C

31.50

51

2.93

191.49

13.10

1.11

11.56

17.40

13.81

S-S-O-A-G-S

32.45

77

2.285

220.69

11.06

1.28

8.73

23.44

18.48

S-S-O-F-G-S

32.20

75

2.55

240.30

11.90

1.40

8.62

29.44

17.67

S-S-O-F-G

33.0

72

2.68

214.29

12.96

1.25

10.52

26.86

13.84

S-S-K-A-G-S

32.80

63

2.20

232.49

13.05

1.35

9.78

28.64

15.62

S-S-K-A-G

31.87
0

65

2.44

202.40

10.136

1.18

26.64

17.85

S-S-K-F-G-S

32.50

67

2.49

254.34

11.90

1.48

8.08

26.91

20.23

S-S-K-F-G

33.20

63

2.78

227.69

12.82

1.32

9.68

21.95

16.55

S-P-O-F-G

31.60

58

2.35

183.10

13.10

1.06

12.4

24.68

11.63

S-P-O-F-G**

32.40

58

2.78

202.10

13.0

1.18

11.09

20.86

14.10

S-P-O-F-C

31.40

53

2.72

210.0

11.45

1.22

9.51

17.98

16.92

8.73
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S-P-O-F-S

32.30

55

2.96

192.0

12.76

1.12

11.45

18.58

13.97

S-P-O-F-S*

31.70

56

2.53

205.10

11.17

1.19

9.42

22.13

17.25

Δuc : the deflection for all test specimens at the ultimate load of the control specimen.

250

Load (kN)

200
150
100

S
S-S-O-A-G

50

S-S-O-A-G*
0
0

2

4

6
8 10 12
Deflection (mm)

14

16

250

250

200

200

150
100

S
S-S-O-A-G

50

S-S-O-A-C

Load (kN)

Load (kN)

Fig.5. Central deflection comparison based on the number of strengthening layers.

150

S

100

S-P-O-F-G*
S-P-O-F-C

50

S-P-O-F-S*
0

0
0

2

4

6
8 10 12 14 16
Deflection (mm)
Specimens strengthened with strips

0

2

4

6 8 10 12 14 16 18
Deflection (mm)
Specimens strengthened with plate

Fig.6 . Central deflection comparison based on the type of strengthened material.
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250

250

200

200

Load (kN)

Load (kN)
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150
100

S
S-P-O-F-G

50

150
100

S
S-P-O-F-S

50

S-P-O-F-S*

S-P-O-F-G*
0

0
0

2

4

6 8 10 12 14 16 18
Deflection (mm)
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Fig.7: Central deflection comparison based on the size of steel and glass plate.
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Fig.11. Central deflection comparison based on the effect of studs
3.2 Load carrying capacity
The cracking load (Pcr), the ultimate load (Pu), and the
gain in the Pu for the strengthened specimens compared
with the control specimen are listed in Table 3. Pcr for the
specimens strengthened externally by FRP strips was
slightly improved in comparison with the control
specimen. On the other hand, the strengthening using EB
with studs’ effectively enhanced, where Pcr increased in
comparison with the control specimen by 45-50% and
23.5-32% for orthogonal and skewed respectively. The
ultimate load capacity for all strengthened specimens had a
notable increase, where the gain in Pu was 10-48%. The
increase in Pu for the specimens strengthened with EB with
studs over the control specimen was 28-48%. While the
increase in Pu was only
10-32% for specimens
strengthened with EB-FRP strips. Thus, the increase in Pu
for the specimens which strengthened with Glass, Carbon
and Steel plate over the control specimen was 6-22%. The

increase in Pcr for the specimens strengthened with EB
with studs over the control specimen was 31-51%. While
the increase in Pcr was only 23-47% for specimens
strengthened with EB-FRP strips. Thus, The increase in Pcr
for the specimens which strengthened with Glass, Carbon
and Steel plate over the control specimen was 4-14%it can
be concluded that using EB with studs technique for
strengthening slabs has well-contributed in increasing the
punching shear capacity of slab-column connections than
using EB technique.
Considering the strengthening arrangement, it can be
noted that the skewed strengthening arrangement produced
a slight increase in Pu, compared to the orthogonal
arrangement.
Comparing the different locations of strips from the
column face, it can be noted that the strips placed offset to
column face with spacing equal slab depth gave relatively
higher increase in Pu compared to the strips placed
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adjacent to column face. For specimens with orthogonal
strengthening arrangement, the strips which located offset
column face Pu increase 8.8% than specimen which located
adjacent to column face. Similar, for the specimens with
skewed strengthening arrangement, the strips which
located offset column face Pu increase 9.4% than the

specimen which strips placed adjacent to column face. The
specimen which strengthened by external plate at the
center of the slab has 22% increase than control specimen
Figure.12 shows a comparison between Pcr and Pu for all
tested specimens.

Fig.13. Crack pattern at failure load for the test specimens (bottom faces
3.3 Stiffness
The un-cracked stiffness (Ki) and the ultimate stiffness

(Ku) had been calculated for tested specimens from the
load and deflection values at cracking and ultimate loads,
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as presented in Table 3. It shows k i increased for all
strengthened specimens up to 69% compared to the control
specimen. On the other hand, Ku affected by the
strengthening technique. Where, Ku effectively increased
for specimens strengthened using EB with studs by 3358%, and slightly increased for specimens with EB-FRP
strips up to 52% compared to the control specimen.
Considering the effect of strengthening arrangement,
the skewed strengthening arrangement showed higher
stiffness compared to the orthogonal arrangement. The
results indicate that Ku was less affected by strengthening
arrangement than Ki.
3.4 Crack Propagation and Failure Characteristics
Cracking pattern and distribution at failure at the
bottom face of the slabs for all tested specimens are shown
in Figure. 13. The failure mode for all specimens was
punching shear. The control specimen exhibited flexural
cracks that started near the column stub and extended
towards the slab edges, especially towards the corners as
the applied load increased. The failure was sudden,
immediately after the specimen reached its ultimate
capacity, and followed by a sharp drop in the load exerted
to the control specimen. The punching shear failure plane
on the bottom face can be easily seen around the column
and at distances from its face ranged from 160 mm to the
slab edges (450 mm) and associated with separation from
the slab surface.
For the strengthened specimens, the flexural cracks started
outside the strengthened strips which located adjacent
column face, or flexural cracks started near the column
face and did not propagate through the strengthened strips
when the strips located offset column face. Similar to the
control specimen, the flexural cracks propagated towards
the slab edges. Reducing the spread of flexural cracks in
the punching shear zone around the columns led to an
increase in the punching shear capacity for the specimens.
The distances from punching shear failure planes to the
columns face were less than that for control specimen;
especially for specimens strengthened with strips which
located offset column face with spacing t. The specimens
strengthened using strips suffered from premature
debonding of FRP strips. As the load increased, some of
FRP strips deboned from the bottom face of the slab and
pulled away from the specimen with the concrete cover. At
failure, strips deboned from the slab as the truncated
concrete cone was pushed through the slab. Due to the
FRP strips covered the zone around the column, the cracks
at bottom face of the slabs were invisible.

IV.

CALCULATED PUNCHING SHEAR
CAPACITY

The predicted punching shear capacity of the slabcolumn connections strengthened with FRP was obtained
using the analytical model developed by Harajli and
Soudki [11]. This model is based on that the punching
capacity of slab-column connection increased with the
increase in the flexural capacity of the slab. The FRP either
EB with studs or EB strips is considered as additional
reinforcement in the flexural capacity. For the FRP
strengthened slab, the average moment capacity per unite
width (m) was derived from the conventional equilibrium
requirements for force and moment and the compatibility
of strain along the depth of the slab section as follows:
𝑚 = 𝜌𝑠 𝑓𝑦 𝑑 2 [1 − 0.59(𝜌𝑠
𝜌𝑓 𝑘𝑣 𝑓𝑓𝑢 ℎ2 [1 − 0.59(𝜌𝑠
𝜌𝑠 =

𝐴𝑠
𝑊𝑑

, 𝜌𝑓 =

𝑑
ℎ
,
𝑓𝑐

𝑓𝑦

𝑓𝑦
𝑓𝑐,

+ 𝜌𝑓

+ 𝜌𝑓
𝑘𝑣 𝑓𝑓𝑢
𝑓𝑐,

𝑘𝑣 𝑓𝑓𝑢
𝑓𝑐,

)]

ℎ
𝑑

)] +

Eq(1)

𝐴𝑓𝑟𝑝
𝑊ℎ

Eq

(2)
Where 𝜌s and 𝜌f are the reinforcement ratio of the
tension steel of the slap and FRP reinforcement either EB
with studs or EB strip respectively; As is the area of the
tension steel per slab width w; Af is the area of FRP studs
or strips; h is the slab height; fy is the yield strength of steel
reinforcement; fc ‘ is the cylindrical concrete compressive
strength= 0.8fcu; and Kv is a factor which accounts for the
ratio of stress development in FRP studs or strips at
ultimate capacity of the specimens to the ultimate strength
ffu of the studs or strips. According to Canadian standers
(CSA-06) [12] . The factor Kv in Eq. (1) estimated as
follows:
𝐾𝑣 =

𝐾1 𝑘2 𝐿𝑒
11,900𝜖𝑓𝑢

≤ 0.75

Eq (3)

In which K1 and K2 are factors which represent for
the concrete strength and wrapping method, respectively,
and Le is the active bond length, where the bond stress is
maintained. The factors are given as:
f,

2

K1 = ( c )3
27

K2 =
L𝑒 =

𝐿𝑓 −2𝐿𝑒
𝐿𝑓
25,350
(tf E𝑓 )0.58

Eq (4)

Eq (5)
Eq (6)

Where, Lf is the dimension of the slab in the direction
of FRP studs or strips; tf is the thickness of FRP strip or the
diameter of FRP studs and Ef is the elasticity modulus of
FRP either studs or strip.
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Table 4.Comparison of experimental and predicted results.
Slab ID

Pcal (KN)

Pexp (KN)

𝐏𝐜𝐚𝐥
𝐏𝐞𝐱𝐩

S-S-O-A-G-S

192.19

188.79

1.02

S-S-O-A-C

192.73

195.25

0.99

S-S-O-A-G

189.06

191.49

0.99

S-S-O-A-G*

190.695

220.69

0.86

S-S-O-F-G-S

201.63

240.30

0.84

S-S-O-F-G

194.83

214.29

0.91

S-S-K-A-G-S

195.00

232.49

0.84

S-S-K-A-G

190.41

202.20

0.94

S-S-K-F-G-S

205.08

257.34

0.80

S-S-K-F-G

197.61

227.69

0.87

S-P-O-F-G

188.19

183.10

1.03

S-P-O-F-G*

188.19

202.10

0.93

S-P-O-F-C

191.13

210.0

0.91

S-P-O-F-S

188.48

192.0

0.98

S-P-O-F-S*

188.48

205.10

0.92

Mean

0.92

Standard deviation

0.07
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Fig.12. Comparison between cracking load, experimental ultimate load and calculated ultimate.

The area of FRP studs or strips was modified by
Sharaf, et al. [13] to include the effect of the strengthening
schemes, amount and spacing of FRP studs or strips as
follows:

𝑛

Af = ∑𝑛𝑖 = 1 𝑏𝑓𝑖 𝑡𝑓𝑖

Eq (7)

η = cos 𝜃

Eq(8)

𝜉

𝜉=

bfi
∑n
i =1 𝑆
𝑖

𝜂
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is a factor which accounts for the effect of

the orientation of FRP studs or strips; θ is the orientation
of FRP to the slab reinforcement; Δ is considered 1 for
orthogonal strengthening and 2 for skewed strengthening;
and £ is a factor that accounts for the effect of FRP
locations relative to the column face, the spacing between
FRP studs or strips and the number of FRP studs or strips;
bf is the width of FRP strip or the diameter of FRP studs; s
is the distance from the center of each FRP studs or strip to
the column face; and n is the number of FRP studs or strips
per slab width.
The flexural capacity of the slab can be estimated
from the average moment capacity per unite width (m)
using yield line analysis (Elsner and Hognestad [14]) as
follows:
Pflex =

1
8m( 𝑟⁄
1− 𝑤

− 3 + 2√2)

Eq(10)

Where r is the width of a column or the side length of
a loaded area. Mowrer and Vanderbilt [25] proposed
equation to estimate the punching shear strength (Pu) of a
flat slab as follows:
Pu =

0.8(1+𝑑⁄𝑟 )𝑏𝑑 √𝑓𝑐,
𝑓,
1+(0.433𝑏𝑑√ 𝑐⁄P
)
flex

Eq (11)

In which b is the perimeter of the column or the
loaded area. The predicted punching shear capacity for the
tested specimens calculated according to Eqs. (1)-(11)
were compared with the experimental results as shown in
Table 4 and Figure. 12. From comparison, it can be
concluded that the proposed analytical model gave slightly
underestimate for EB with studs strengthened specimens as
the average ratio Pu.calc/Pu.exp is 0.92 with a standard
deviation of 0.07.

V.

increased for the specimens strengthened using EB with
studs’ technique over that strengthened using EB without
studs Comparing with the control specimen, the punching
capacity increased by 28-48% for specimens strengthened
with EB with studs and on the other hand increased by 1032% for specimens strengthened with EB without studs.
▪ The stiffness of all strengthened specimens increased in
un-cracked stage in the range from 3.6% to 69% than the
control specimen. The stiffness in cracked stage was
affected by the strengthening technique. Where, comparing
with the control specimen the ultimate stiffness increased
greatly by 33-58% for specimens strengthened using EB
with studs. While the increasing in ultimate stiffness was
0.4-52% for specimen strengthened using EB technique.
▪ All slabs failed in punching shear mode. The
strengthened slabs experienced higher punching capacity
compared with the control slab.
▪ Increasing the amount of FRP strips (number of layer)
did not significantly increase the capacity of the slabs.
▪ Use different types of strengthened material is not
effective in increasing punching capacity of the slabs.
▪ Increasing the size of FRP plates is effective where the
specimen strengthened with GFRP plate with size 450 x
450 mm increasing punching capacity 10.4% than GFRP
plate with size 350 x 350 mm and the specimen
strengthened with steel plate with size 450 x 450 mm
increasing punching capacity 6.8% than steel plate with
size 350 x 350.
▪ The calculated punching shear capacities of the tested
slabs using the recently developed analytical model, in
which the two-way shear is expressed as a function of the
flexural strength of the connection, agree well with the
experimental results.

SUMMARY AND CONCLUSION

In this study, EB with studs’ technique was used to
strengthen slab-column connections against punching
shear failure. A FRP was installed surrounding the column
at the bottom face of the slab. A total of sixteen square
slabs with a concentric column were constructed and tested
up to failure, one control specimen without strengthening,
four specimens strengthened using EB with studs and
eleven specimens strengthened using FRP strips externally
bonded to the bottom face of the slab. For the considered
strengthening techniques, the test variables were the
strengthening arrangement relative to the orientation of the
slab reinforcement and the strengthening location to the
column face. Based on this investigation, the following
conclusions may be drawn:
▪ The ultimate punching capacity was significantly
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Abstract— This study described the profitability of the National Irrigation Administration- Upper
Pampanga River Integrated Irrigation Systems NIA-UPRIIS’ newly inaugurated solar-powered pumps in
the Philippines. The researchers utilized the descriptive research design using the questionnaire technique
to gather the necessary information. Engineers from NIA-UPRIIS Division IV were the respondents of the
study. The researchers discovered that the project was profitable with cumulative estimated savings of Php
277,028,649.18. Moreover, the project resulted in reduced noise pollution which would have been
generated by diesel fuel-fed generators. This has also reduced the gas emission from using the
conventional method. The researchers suggest that more solar-powered projects be installed by the said
agency in all its irrigation projects as this would result in big savings, while sparing some funds which can
be used for other purposes.
Keywords— National Irrigation Administration, solar-powered pumps efficiency, savings, profitability.

I.

INTRODUCTION

The National Irrigation Administration (NIA) is a
government-owned and controlled corporation primarily
responsible for irrigation development and management.
“It was created under Republic Act (RA) 3601 on 22 June
1963. Its charter was amended by Presidential Decree
(PD) 552 on 11 September 1974 and PD 1702 on 17 July
1980. Both increased the capitalization and broadened the
authority of the Agency”.
Upper Pampanga River Integrated Irrigation Systems
(UPRIIS) is one of the government agencies under the
National Irrigation Administration with the main base of
operations located at Maharlika Highway, Cabanatuan
City, Nueva Ecija, Philippines. It all started in May 1969
when Republic Act 5499 or the Upper Pampanga River

Project Act was approved by the Philippine Congress.
The act authorized the construction of the Pantabangan
Dam and its related structures and facilities and the
approval of local counterpart funds. The Upper Pampanga
River Project became officially known as the Upper
Pampanga River Integrated Irrigation Systems. The
provinces covered by UPRIIS consist mostly of the whole
Nueva Ecija Province and parts of Pampanga, Bulacan,
and Tarlac. As of Calendar Year 2015, UPRIIS serves
119,216.49 hectares which comprise of 4 Provinces, 23
Municipalities, 5 Cities, and 452 Barangay. The main
source of water supply for UPRIIS is the Pantabangan
Dam with a reservoir area of 8,420 hectares. A total of
about 3 billion cubic meters of water can be stored in the
reservoir. Aside from providing irrigation and flood
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control, the Pantabangan Dam also generates electricity
that supplies power to the different provinces of the
region through the Pantabangan and Masiway
hydroelectric power plants.

However, with the prediction of fossil fuel depletion,
many alternative sources of energy have been in
development for the past few years were considered by
NIA-UPRIIS. One such alternative energy source is solar
energy. With it being harnessed from the sun it is
renewable, free from the worry of future depletion and
since it does not result in the release of harmful gases into
the atmosphere, it is also environmentally friendly.
Hence, NIA-UPRIIS has inaugurated solar-powered
pumps into their irrigation system in July of 2021.

is Malimba Creek” (Nocum, 2021). With this transition to
solar energy, the researchers as Nueva Ecija University of
Science and Technology Master of Business
Administration students explore the profitability and
feasibility of the two NIA-UPRIIS' newly-inaugurated
solar-powered pumps. The findings of this study aims to
compare the use of solar-powered pump as against the
conventional diesel fuel-fed pump in terms of installation
and maintenance costs.

II.

METHODOLOGY

The researchers utilized the descriptive research design
using the survey questionnaire to gather the necessary
information. According to Dr. Y.P. Aggarwal (2008) as
cited by Balaria (2012) and Garcia & Subia (2019)
“descriptive research is devoted to the gathering of
information about prevailing conditions or situations for
the purpose of description and interpretation”. Hence, this
study described the profitability of NIA-UPRIIS' newly
inaugurated solar-powered pumps, the costs associated
with this project included. Engineers from NIA-UPRIIS
Division IV served as respondents of the study. The
contents of the instrument consisted of the costs of
operating and maintaining the solar-powered pumps as
well as their benefits and drawbacks. These data were
needed to validate the claims made by those interviewed.
Documentary evidence such as financial statements were
also requested from the concerned offices.

They have built two new solar powered pump projects in
San Isidro and Penaranda, Nueva Ecija. “The Peñaranda
Solar Powered Pump Irrigation Project, whose main water
source comes from the Penaranda Dam through PENRIS
Main Canal, is a P20.461-M project that is expected to
provide reliable and proficient irrigation water supply in
its 228.878-hectare service area located in Barangays
Poblacion I, Poblacion Il, Santo Tomas in Penaranda, and
Pambuan, Gapan City, benefitting a total of 114 farmer
members of Penaranda IA. The San Isidro Solar Powered
Pump Project, on the other hand, is situated in Brgy. Pulo,
San Isidro, Nueva Ecija. With a total project cost of PI
7,780.519.47, this project will benefit 159 farmerbeneficiaries and their families in 323.2762-hectare
agricultural lands, covering the Barangays Pulo and
Mangga in San Isidro, Nueva Ecija. Its main water source
Project Specifications for the San Isidro and Peñaranda, Nueva Ecija, Philippines Solar-Powered Pumps
Table 1. Construction of Solar-Powered Pump San Isidro Project Profile
Project Title

Improvement of Irrigation Facilities

Location

Brgy. Pulo, San Isidro, Nueva Ecija

Contract Description

PENRIS/Construction of Solar Powered Pump @
San Isidro

Water Source

Malimba Creek

Barangay Covered

Barangays Pulo and Mangga, San Isidro, Nueva
Ecija

Service Area

323.2762 ha

No. of Farmer Beneficiaries

159 farmers

Total Project Cost

₱17,780,519.47
Site 1

Coordinates of Pump Site

Latitude: 15.2326530
Longitude: 120.9361010
Site 2
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Latitude: 15.227970
Longitude: 120.929790
Nature of Project

Water Pumping using Renewable Energy

Irrigation Facilities

1-Sub Lateral

Irrigation Association

Malimba-Bantog-Manggahan IA

Length of Canal
Lateral D-6a

3+964-6+000 (2.036 KM)

Technical Specifications
Solar Panel

90,390 watts of system capacity

No. of Solar Panels

228 pieces of 1m x 2m solar panel frame (395 watts
each)

Orientation of Solar Panels

110 inclination facing south
Type: Monocrystalline Silicone
Power Rating: 85w/18w

Solar Panel Specifications

Features: Dust or Sandstorm proof
Lifetime: 25 years
Warranty: 10years

Table 2. Construction of Solar-Powered Pump Peñaranda Project Profile
Project Title

Improvement of Irrigation Facilities

Location

Brgy. San Josef, Peñaranda, Nueva Ecija

Contract Description

PENRIS/Construction of Solar Powered Pump @ Peñaranda

Water Source

Peñaranda Dam through PENRIS Main Canal

Barangay Covered

Barangays Poblacion I, Poblacion II, Santo Tomas in Peñaranda and
Pambuan in Gapan City, Nueva Ecija

Service Area

228.878 ha

No. of Farmer Beneficiaries

114 farmers

Total Project Cost

₱20,461,285.99

Coordinates of Pump Site
Nature of Project
Irrigation Facilities
Irrigation Association

Latitude: 15.3454000
Longitude: 121.0007660
Water Pumping using Renewable Energy (Solar)
1-Lateral Canal
1-Sub Lateral
Peñaranda IA

Length of Canal
Lateral A

0+000-2+577 (2.577 KM)

Lateral A-1

0+000-1+866 (1.866 KM)

Technical Specifications
Solar Panel

90,390 watts of system capacity
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No. of Solar Panels

228 pieces of 1m x 2m solar panel frame (395 watts each)

Orientation of Solar Panels

110 inclination facing south
Type: Monocrystalline Silicone
Power Rating: 85w/18w

Solar Panel Specifications

Features: Dust or Sandstorm proof
Lifetime: 25 years
Warranty: 10years

III.

RESULTS AND DISCUSSION

Based on the gathered data, the service area of the
Peñaranda solar-powered pump covers 228.878 hectares
which is equivalent to 926,236.40 square meters, whereas
the San Isidro solar-powered pump's service area is
323.2762 hectares that can be translated to 1,308,252.37
square meters. The total service area for the two pumps is
2,234,488,77 square meters. Each of the solar power
pump installations can provide 90,390 watts or a
combined capacity of 180,780 watts or 180.78 kW that
can be considered adequate for the irrigation service area.
The two solar-powered pump projects have a total cost of
Php 38,241,805.46 broken down as Php 20,461,285.99 for
the Peñaranda project and Php 17,780,519.47 for the San
Isidro project. A quick search on Google for a 225kva
(equal to 180kw) diesel-fueled generator shows a result
from Alibaba.com for one has a price of Php 661,720.10.
Two generators will be required as there are two service
areas to be inaugurated, thus bringing the amount to Php
1,323,440.20 (Twice the mentioned amount of
661,720.10)
"Diesel generators can last for at least 15,000 hours to a
maximum of 50,000 hours before needing a
maintenance. Ultimately, the life expectancy of a
generator will depend on factors such as generator sizing
and preventive maintenance practices" (The life
Expectancy of Your Diesel Generator, 2020). The above
data point that the general average life of a diesel
generator is 32,500 hours (average of 15,000 hours and
50,000 hours). In comparison, the total number of hours
in 25 years, the useful life of the solar power generators is
approximately 219,000 hours (24 hours a day, 365 days a
year, for 25 years, excluding additional one day during
leap year). This means that the diesel- powered generators
would require major servicing 6 times, rounded from 5.74
times ((219,000/32,500)-1), within the span of 25 years.

(Onsite Options, 2002). Using a conversion ratio of Php
50 to a dollar at the current rate, this can be translated to
Php 0.375 per kilowatt-hour. With a generator of 180 kW
capacity, the average maintenance cost is Php 12,187 each
time (average of 0.25-0.50* 32,500 hours of useful life)
before needing servicing. Since the major servicing is
expected to occur 6 times within 25 years, the cumulative
cost amounts to Php 73,125.
With the assumption that the diesel-fed generator would
run all day, as the solar power pumps would do, the total
fuel volume for 25 years would amount to 1,823,175
gallons (219,000 hours with 16.7 gallons used per hour).
"Diesel prices: We show prices for the Philippines from
09-Aug-2021 to 15-Nov-2021. The average value for the
Philippines during that period was Php 45.52 with a
minimum of 41.35 Philippine Peso on 27-Sep-2021 and a
maximum of 52.27 Philippine Peso on 15Nov-2021. For
comparison, the average price of diesel in the world for
this period is 75.51 Philippine Peso” (Philippine Diesel
Prices, 2021). Global Petrol Prices.com presents Diesel
prices in the Philippines to be 45.52 pesos per liter. A
gallon is approximately equal to 3.79 liters. Thus, 1,823,
175 gallons is equivalent to 6,909,833.25 liters. The total
fuel cost for the next 25 years will be Php 314,535,609.54

"The average operations and maintenance cost for diesel
reciprocating engine-driven generators is $0.005-$0.010
per kWh, according to the GTI. For natural gas
generators, the average cost is $0.007-$0.015 per kWh"
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Table 3. Cost-Benefit Analysis Between Solar-Powered and Diesel-Powered Pumps
Initial Cost
(Php)

Subsequent Fuel Cost
(Php)

Overhaul Cost
(Php)

Cumulative
maintenance cost for
25 years (Php)

Solar Power Pump

38,241,805.46

-

-

-

Diesel Powered Pump

1,323,440.20

314,535,609.54

73,125.00

315,932,174.74

Difference

277,028,649.18

In comparison, solar-powered pump can be considered
more efficient and cost-effective compared to dieselpowered pump. The figure does not include other costs
for implementing a diesel-powered pump irrigation
system, such as the irrigation lines and laterals, only
making projections on the generator price, repair and fuel
costs. Although the cost in installing solar-powered pump
can be 29 times higher than diesel-powered pump, long
term considerations in maintenance cost can save the
Philippine government some Php 277,028,649.18.

IV.

CONCLUSIONS AND
RECOMMENDATIONS

Based on the findings of the study, the researchers
concluded that the use of solar-powered pump is more
efficient and cost-effective than the use of diesel-powered
pump. It is also estimated a savings of approximately Php
277,028,649.18. Furthermore, solar-powered pump
reduces noise pollution and eliminates the harmful effects
of gas emission from diesel fuel-fed generators. The
researchers recommend that more solar-powered pumps
be installed by the agency for all its irrigation projects as
this would result in big savings in the long term for the
Philippine government.
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