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ABSTACT

Floor plate 1s one of the major structural elements of the buiiding frame structure. as loadbearing gravity directly
consisting of dead load. sell’ weight and live load. As a result of this gravity loads will occur bending moment and will
cause a sizeable deflection To echmmate deflections occurning and to improve the lexural strength as resistance 1o the
gravity loads, generally dorg oy providing remforcement as a reinforcement i the slab.

The development of Carbon Fiber Remnforeed Polvmer (CFRP) and Wire-mesh remforeing has opened up new
opportuntties 1o provide ngidity and improve the flexural strength concrete frame structure of the building in general.
n particular on the conerete Noor plate elements. To select the material Nexural the concerete lloor slabs. rescarchers
are trving mengkomparasi use of CFRP and Wiremesh as reinforcement bending. the specimen concrete slab
dimensions pagang 1 200 mo. width 300 mm and thickness of 120 mo with the number ol each of the three specimens
of concrete plate bertulangan CFRP. and 3 specimens bertulangan Wire-mesh. Once the conerete specimen mimimum
age ol 28 davs. and then tested i experimental powerlul flexibility ol a laboratory with menotonic bending loads. the
loading process mcracd gradually unul the specimen fractured. and setrusnva sampi collapse. The data 1s then
analyzed test results of the flexural strength of the two tvpes of reinforcement (CFRP and Wire-mesh). and then
compared the results which is better
sis results of the best exural strength and mechanically etficient than alternative two Kinds ol matenial
that is applied 10 the conerete slab specimens will be selected as the matenal for the remforcement ol concrete floor
plate in this study.

Kevwords: CFRP. Wiremesh. comparative flexural capacity. the best altemative

INTRODUCTION To get the smprovement and retrofiting of
Improvement  and  retroliting  on  concrete conerete structures are opimal. then it should be done
structures often do both at the time ol construction ol'a three mmportant stages. namelv the  mvestgaton.
structure or i a structure that 1s already in operation evaluation and mplementation. The third stage 1s very
The purpose of repair 1s 1o restore the structure to its important to do. and no onc 15 more important stage
oniginal state both strength capacity and functionality. than the other stages (Hartono, 2008) Because without
or increase the load capacity structure for switching a good mvestigative. then we can not evaluate 1t
Tunction so that it can carry a larger load properlv. so without o proper  evaluation.  the
Several studies of conerete retrofitting. among improvement and  remforcement is done can not
others, retrofitting bending in concrete beams using achieve the goals that have been set. the next without
CREP material plate (Mohsen Shahawy et al. 2001). good execution, then all stages investigation and
Installation of FRP REsforcement near the surface for evaluation was done properly and well be meaningless
Bending Retrofitting Concrete Structures (Hacha R E
and Rizkalla 8. HL 2004). column Conerete remtoreed STUDY LITERATURE
with CFRP (Marolop Tua Sianipar. 2009). Planning The lollowing refers to several studies that have
Plate Conerete Flooring Grid Remforcement wiremesh been done by previous rescarchers.
using matenals Add 11y ash (Zaenun 2010), the use of Tensile Strength Research of CFRP.
CFRP Lannnate to increase the shear strength Beams Astawa M. D.. et al (2015). doing research CFRP
remtorced Conerete (Alferjani MBS, et al. 2013), tensile strength. Manulacturing procedures tollow the
Remforced Concrete plate structures (Apreha R.20 14). provisions ol the Amernican Standard Testing Matenials
Technology of conerete reinforcing steel (IKhfan M. (ASTM) D 3039 1D 3039M-00. with an odd number
2015). minimum of 3 samples. 1iithis study. 7 picces of

samples with sizes as listed in the following table




Table 1. Dimensions and number of CFRP

specimen.
f i \am:-ff,,..-l Function| ek T Wide T Tong
Specimens | (mm)  (mm) (mm)
I 120 | 1540 | 25000 |
2 Carbon In lieu 1.20 15.00 250.00 |
3 Fiber tensile 1.20 1525 250.00
4 Remfboreem | remtorce- | 1.20 14.70 250,00
ent Polvmer ment 1.20 15.00 250.00
| 6 (CIRI Nexure (20 | 1480 ] 2300
[-—7_ | 120 | 1490 25000 |

Standard actual dimensions of 1.20 X 15.00 X 250.00
mm. but the size 1s listed m the table can not be precise
as standard. The reason is preasely because of the
diliculty to form flat plate composed of fibers. the
fiber edge plate plates apart so oflen can not be precise
as wide as the width ol 15.00 mm. however the size of
the width 1s sull wathin tolerance (Figure 1)

Figure 1. CFRP specimen already formed (7 picces)
(Astawa. M.D, atal. 2015)

Perform the test spamcn n one by one using
the testing machine Pull Universal Testing Machine
{UTM) with a capacity of 300 kN. From 7 Specimens
tested worked well as =¥ specimen. while the two
specimen atlure due 1o a ship at the end of the specimen
clamps.

Although there were 2 Specimens that have
fanled. but sull meet the requirements of the amount
due has been more than 3 Specimen and odd number
Document the testing pro wure 2.

sis shown i I

Figure 2. Process Pull test specimen CFRP
(Astawa. M.D. at al. 2015)

After the specimen was removed from the testing

machine UTM. reconliguration ol the conditions had

been severed. forming fibers m CERP can be seen

clearly. and documentation can be seen i Figure 3.

below.

F

Figure . Archiv specimen that had broken
(Astawa. M.1). atal. 2013)

From the image illegible work processes Pull
given in Specimens [rom the begimming o break up.
after breaking up visible matenal specimen hack to
form hibers. Strong relatonsayps Pull and CEFRP stram
in the laboratory test results are shown in Figure 4
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Figure 4. Strong Pull-Strain Relationship Curve
Specimen of CFRP, a combined 1 s/d 5
(Astawa. M.D. at al. 2015)
Pull powertul look of of CFRP Specimens from
laboratory test results Pull melting an average of Iy
307360 N mm2, the mcrease of the standard
manufacturer quite signiticant a value of fy ~ 2520 N
mm2. Thus it can be concluded that the CFRP 15 used
in the Hield is very strong hecause 1t has a capacity
above from the analvsis that has been done.
What 1s lacking 15 disqualify stramn (strain) that only
reached an average of 4.614% 1s stull below 9.000,
acurdmg 1o the provisions of ASTM 615-2000

Near-Surface-Nounted Fiber-Reinforced Polvmer
Reinforcements for Flexural Strengthening of
Concrete St res.

The use of Near Surface Zounted FRP
reinforcement 1s currently emerging as a promising
strenethening technique and a vahid allemative 1o

externally bonded FRP remforcement lor imcreasing
the flexural strength of remforced conerete mem e
(Raalat El-Hacha. Samu H. 2004). Rizkalla. The
structural perfonnance ol remforeed concrete beams
strengthened in flexure with NSM FRP reinforcement
was examined and compared wih beams strenzthenced
with extemnally bonded FRP  remforcement. The
behavior ﬂl)l’ to and alter cracking. ultimate carrving
capacity. and modes ofZilure of all tested beams are
discussed in this paper. The variables investigated were
the tpe of fibers, including carbon fiber-remnforead
polymer (CFRP) and ggggs hber-remlorced polymer
(GIFRP) thennoplastic, and the configuration of the
FRP remnforcement. including reinforcing bars and
strips. The effectiveness of NSM IFRP reinforcing bars
and strips was examined and compared with externally
bonded FRE stips using the same material and axial
stiffness. The finding Jf this research provide data for
the design guidelines currently under consideration by
ACI L’nmlnlcu 440 for the NSM FRP strengthening
technique. Test specimens and setup A total ol eight.
stmply supponed. 27 mA9 [ long. conerete | =beams
were constructed and tested under o monotonically
mcreasing concentrated load apphied at rnuE:m of the
beam. The test setup ol wT-beam specimen 1s shown in
Figure. 5




Figure 5. Test setup, beam details, and
instrumentation of beam specimens
(Hack—% Sami. 2004)

Test matnx One beam was tested without
strengthening (BO) and served as the umlrﬁspuclmcn
for comparison purposes. Four beams (B 1. 132, B3, and
B4) were strengthencd with differen@INSM FRP
svstems using CFRP reinforcing bars. two types of
CERP stnps, and thennoplasie GERP sinps. hree
beams (B2a, B2b. and Bda) were strengthened with
different externally bonded CFRP and GFRP strips. A
.s'mmn;n"\' these beams 1s given in Table 2.

Table 2: Test matrix for T-beam specimens

Beam no. R strengthening system

BO No strengthening

BI Once NSM CIFRP remforcing bar

B2 Two Type 1| NSM CEFRP strips

133 Two Type 2 NSM CFRP strips

134 Five NSM GERP thennoplastic strips

B2a Two Type 1 eXlemally bonded CFRP
strips

B2b Two Type | externally bonded CFRP
strps

Bda Five externally bonded GERP

[ 1] thermoplastic strips

Installation of the NSM FRP reiiforcing bars and strips
begins by making a series of grooves with specified
dimensions  cut into the concrete cover in the
longitudinal dircction at the tension side of the beam
specimens. A special conerete saw with a diamond
blade was used 1o cut the grooves with the dimensions
shown in Iigure. 6.
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Figure 6. Groove dimensions for various NS\
FRP strengthening systems.
{Hacha & Sami. 2004)

Ehtallation of extemnally bonded FRP reinforcements:
To ensure a good. strong bond. the bottom surface of
the conerete beams was prepared by grindgggmul the
coarse aggregates were exposed. then cleaned by
washing and airbrushing to removELhst or debris and
fine particles. Care was taken to ensure that the

resulting conerete surface after gnnding was unifonn.
Following cleaning. a unifonn 2 mm ((I(ﬂ m.) thin
laver of the two-part epoxy-based adhesive was applicd
by palette knife to the bottom surlace of the c@&grete
beam. The FRP strips were placed in position on the
conerete surface and pressed onto the epoxy by hand.
To ensure a good bond with concrete. a umlorm
pressure whE apphied along the entire length of the
strips, AU=shaped wrap CERP sheet with 100 mm (4.0
in.) width was placed around the web of the concrete
heams at both ends of the externally bonded FFRP
Nexural remforcements. with the direction of the fibers
perpendicular to the longitudinal axis of the member.,
o mmproye the anchomee of the FRP strengthening
system (HEERG). The extemally bonded CFRP strips
(Type 1) were placed at the bottom surface of the
conerete beams (B2a and B2h) with spacing m between
cqual to twice the width of thé Sip (Fig 3). The
externally bonded GEFRP sinps were placed side by
side at the bottom surlace ol the concrete beam (Bda)
leaving 23 mm (LO in.) [rom cach side of the beam
(Iigure. 7)
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Figure 7. Externally bonded FRP
strengthening systems.
(Hacha & Sami. 2004)

A summary of significant test results descnbing the
flexural behavior of all tested heams s presented m
[able 3. The conerete compressive strength when the
heams were tested was detennined according 10 ASTM
C 39-01. using three standard concrete cvhnders and
ranged between 48 MPPa (6962 psi) for Beams BO. B
3. and B4. and 37 MPa (8267 pﬂ'ﬂr Beams B2, B2a.
B2b. and Bda. Beam BO  was tested  without
strengthening and used as a control specimen for
comparison purposes to evaluale the improvement in
flexural strength provided by the vanous NSM and
externally bm:al FRP  remforcements. The un
strengthened control beam fatled by crushing of the
concrete  afters wiclding  of  the  steel  tension
reinforcement.  Load-midspan  deflection of beams
strengthened with NSM CEFRP reinforcing bar and
strips. can be seen in Fig. 8.

e

Figure 8. Load-midspan deflection of beams
strengthened with NSM CFRP reinforcing
bar and strips (Hacha & Sami. 2004)




Installation method of Wiremesh.

Wiremesh an ron material that 15 made
from plam or threaded wire rod formed sheet with
abox ol [3emx I3 emlong x 2.1 m 5.4m having
a thickness ol 4-10 mm are used for the casting
{Toor remforcement (Trivanto. 2016). Wiremesh a
material that 1s also less famuliar to people because
usually casting Indonesia using begel assembled
themselves For those who understand  the
butlding using a wiremesh be an option without a
doubt. because wiremesh designed to help speed
and simphty development. in terms ol strength
and efficiency.  wiremesh  supenior  to other
malerials. Suppose the casting use [0mm plain
stirrup. because the plain remforcement quality
classification bijtd 24 while wiremesh with qualiny
bytp 40, so 1t 1s better to use wiremesh kekutan
Financially use conerete steel 1s more expensive
than on wiremesh. one meter begel spending
concrete steel wiremesh worth 99. 000 bemg only
50000 Judging [rom the apphication installation

begel require a long time and requires a lot of

people. while wiremesh its application faster.
requiring more less labor. Wiremesh installation
method shown m Frgure 9. 10, 11 and 12
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Figure 9. Wiremesh installation pattern on

concrete floor plate ( Irianto, 2016)
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Figure 10. Wiremesh Reinforcement on
footstool for beams (Trnanto. 2010)
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Figure 11, Installation joining methods
wiremesh (Tnanto. 2016)
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Figure 12. Installation Connection
Details wiremesh (Tnanto. 2016)

METODOLOGY
Analysis of Statics Concrete Floor Plate.

Numerical analyvzes were performed with Soft-
ware Analaysis Structure Program (SAP 2000). After
creating a modeling plate. then to imput load and
property. then its ontput results can be displaved as
tollows.
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Figure 13. Shell Element Stress
and Internal Forces
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Figure 14, Discrete Floor Plate
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(b} VM-22 Direction of short span (1.x)
Figure 15. Flexure deformation of span Ly
and Lx direction




Research Laboratory

T'esting needed in the laboratory are:

1. Tensile Test Wire-mesh. using a prece of wire-mesh
matenial along the 600 mm. then tested for tensile
strength (1) using the UTM test machine. Yield
tensile strength test results 1 successtul properly
according to the Amencan  Standard  Testing
Matenals (ASTM. 2000). will vield curve as
follows:

!

) .
i

W
Figure 16. Curve of Model specimen tensile
Rebar (ASTM. 2000)

Bending test conerete plate with CFRP remforced.
cross-scectional dimensions of plate: thickness 12
cm. width 30 ¢m. length 100 em. Remnforcement
plate mounted CFRP cach second rod towards
landscape Lx and Ly. Use 3-pomt load ol - 22 kN
m accordance with the results of the analvsis.

t

Schematic drawing as follows

Figure 17. Concrete Plates Specimens
with CFRP reinforcement
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Figure 18. Test Set-up Specimen

CFRP Reinforcing
Remforeed conerete slab bending test Wiremesh M8,
cross-sectional dimensions ol the same plate with

P=22 B6KN

VIREMESH CONCRETE PLATE
ua AZOXSOXIZCH

Figure 20. Test Set-up Specimen
reinforced Wiremesh

TEST RESULTS AND DISCUSSION.
Flexure strength test results.

Flexural strength test performed by following
the provisions of JIS A 3335-1987. samples of CFRP
reinforced concrete slab and Wiremesh cach 3 pieces.
by loading a centralized (Unillexure Load). using a
machine press UTM test. carned out gradually with the
increase in cach stage 2kN up to plates cracked and
then collapsed. To measure the deflection. using a dial
vauge 1s installed i the middle ol the span. and log
machine through reading tool UPM  Transducer
Ivaluation of the results of the bending test. taken the
average value of all the test results. the evaluation
mcludes I\cum. strength and deflection. Data flexural
strength test results are hsted i Table 3 as follows
Table 3. The test results in the laboratory.

Ultimate | Crack Average loads
Specimen Loads Loads | Ultimate | Crack
(kN) | (kN) (kN\) (kN)
20,40 17.50
CFRP 23.30 20,50 2147 19.57
| w3 |2070] : S
30.10 | 1670 |
Wire mesh 29.50 18.00 30,00 17.50
3040 17.80

Relations load and  deflection of the CFRP
conerete slab can be seen in the tollowing table 4
Table: 4. Load-deflection relationship on Plate with
CFRP Reinforced.

: ra:‘ll: l]llun':u' Deflection Ductility
Specimen o ase () \ult/ \er
KN KN rer | aupe | @mrad)
17.17 2001 156 | 678 438
CFRP 20011 22 86 4 06 10 246
20.3] 20 31 7.23 7.23 100
Average 1919 21 06 428 | RO0 2.60

Iial gauge results of the reading bending test

reinforced CERP plate. W izemis shcrsid orced g 1€ @timate CERD shviniatsgd concrete slab. successively imitial

plate conligdienibyd ¥ shown below: fractured. s eumen hatekoad 17.17 kN with a

kaf kN defitction of T.56 mm. the specimen 2 atload 20,11 kN

with defleCtidn of 4.06nim and in specimen 3 at load

—230 2R g8 kN with o deN@tbn of 723 mm. Reaches

2070 2031 723 2 0 . . <

20 MSmum goaul and d fl getion in suceession. the

specimen | by 20,01 kN wath a deflection of 6.78 mm.

the specimen 2 at 22 86 kKN with a deflection of 10 mm

- and specimens 3 at 20.31 kN with a deflection of 7.23

2.0 mm (see table 4). &8

The following are the load-deflection curve ol the

specimen CFRP remforced conerete slab, in figure 21

kaf kN
1750 748 b 2040 2001

2050

Figure 19. Concrete plate Specimens
with Wiremesh Reinforcing




Loaad Detlection Curve

|
o g
Figure 21. I‘oad-do.ﬂ.vctiﬁn curve of the
specimen CFRP reinforeed concrete slab

Furthermore. the relationship load and deflection
conerete plate with Wiremesh remforced. shown in
Table 5 below.

Table: 5. Load-deflection relationship on plate with
Wire mesh Reinforced .

Crack | Ultimate Deflection Ductility
Specimen | Loads | Loads (mm) \ult/ \er
KN kN ver | Ault | G rad)
1638 2933 361 | 1011 308
Wiremesh | 1706 | 2894 278 | 778 | 280
17 46 2082 250 | 778 i
Average 17.17 2943 296 | 889 300

The relavonship  Curve  of  load-deflection
bending test results wiremesh remforced concerete slab
can be seen n Figure 220 limtal cracks of 3
suceession specimens, for specimen | at load 16.38 kN
with a deflection of 3.6 1 mm. the specimen 2 at the load
17. 66 KN with a dellection ol 2.78 mm and specimens
3 at load 1746 KN with a deflection of 2.50 mm.
Reaches maximum load respectively. specimen | at
load 29.53 kN with a deflecuon of 1111 mm. the
specimen 2 at load 28,94 kKN with a deflection of 7,78
mm and  specimens 3 at load 2982 kKN with a
deflection of 7.78 mm.

Load-Deflection Curve

Figure 22. Load-deflection curve of the
specimen Wiremesh reinforced concrete slab

Discussion =

Behavior and &8xural capacity of remforeed
conerete slab with CFRP less effective. because the
ultimate load is significantly  lower than  planned
expenses an the amount of 2286 kKN. CIRP
expeniencing lirst concrete slab crack of 19,19 KN,
ultimate load of 21.06 kN, the ultimate moment of
5.69 KNm. deflection 2.60 mm and a flexural strength
ol 3.51 MPa

&

I'he use of CIRP plates as external reinforcement
on conerele without steel reinforcement plate s less
ellective, because the ultimate load that occurs fell by
28.44% agamst the concrete slab wiremesh. The
decline also oceurred on a dellection by 13,11%.
amounting to 28.44% ultimate moments and bending
strength of 28.44%. That's because the debonding
fatlure or release of the bond between the conerete with
CEFRP to CERP not work optimally as a composite
structure. But the wstallaton of CFRP on a plate can
mhibit the first crack as evidenced by the ereasing
burden of 11.76% fisrt crack at Wiremesh plate

Behavior and  exural capacity ol reinforced
concrete slab WIREMLESH good enough. it can be seen
with ncreasing load on the ulumate load that 15 equal
10 22.86 kN planned. Wiremesh expertencing lirst
conerete slab crack of 17.17 KN ulumate load 0f 2943
KN. the ulumate moment of 7.95 KNM. a deflection of
3.00 mm and a Nexural strength of 4.91 MPa.

The followmng pictures are document of the
testing process in the laboratory.

i -

Figure 23. Test set-up specimens reinforced
CFRP and Wiremesh

= -

Figure 25. Fracture Specimens reinforced Wiremesh




CONCLUSION

Alter analvsis and discussion. it can be deduced
that that the results of laboratory rescarch indicate
remforced concrete plate WIREMESH better results
compared with CFRP plate remnforced concrete. Thus
the altemative choice as the best remnforcement
concrete  slab between  two opnions. CFRP - and
wiremesh. 1s a remnloreed concrete plate Wiremesh
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