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Abstract

This paper presents the results of strengthening of reinforced concrete structural members with carbon
fiber reinforced polymers (CFRP) for building has had Live Load by designer has designed from lacking control.
Strengthening structure to support load weight according to requirement has been important. To evaluate the
capacity of structures must have investigate data concern physical properties, structural details, structural
material, non - destructive test, semi destructive test and analysis of stability for Building structures. From
studying, it found structure strengthening system by CFRP system has become an appropriate choice for the
current structural strengthening and CFRP has been able to increase efficiency in straightening structure well. For
installing the CFRP system must be carried out by proficiently by specialists who understand the procedures. In
addition, from strengthening structure, building should have had Live Load administration and management in

building according to designer specifies after strengthening for safety in long term.

Keywords: Straightening, Carbon Fiber Reinforced Polymers (CFRP), Reinforced Concrete Structure, Non —

Destructive Test, Semi Destructive Test
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Rebound Hammer [2], Coring [3], Ultrasonic Pulse
Velocity [4], Ground Penetrating Radar (GPR) [5], Ferro
Scan, Hardness Testing of Steel, Half Cell Potential,

Carbonation Test, Parallel Seismic

|

A51EMATIES19A8TUSHASY Finite Element 3D
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Geometric Properties
Gross Conc. Trans (n=9.60)
Area (cm?) 1375.0 1699.0
) 3-20MM
4 3 o
Inertia (cm*) x 10 346.6 4951 i '<2—20MM
¥y (cm) 275 28.1
¥y, (cm) 275 26.9
o
5 H——9MM @ 15.00
S, (cm?) 12604 2 17507 4 B e cm
Sy, (cm?) 12604 2 184303
. ——3-20 MM
o o
Crack Spacing o o 420 MM
2 xdist+0.1dp/p

Loading (N.M.V + dN dM.dV)

00,-00,00 +00,10,00
All dimensions in centimetres

Clear cover to transverse reinforcement = 2.85 cm

Concrete Rebar
o= 180 kg/co? 4 Z —
gLung, f,=4.00 TB-1
as 1290 cm Trans, {;:2 40
fy = 14.5 kg/cm* (auto)
& = 1.88 mm/m £, = 1000 mmm BEAM ANAL 2016/8/18
Cross Section Longitudinal Strain Shrinkage & Thermal Strain
top top)
-3.88 17.10
bot bot|
Crack Diagram Long. Reinforcement Stress Long. Reinf Stress at Crack
————top, ftop
0.025
0.205 -4.0 40 14.000000000000000000000.0
.317
.262 ,
bot| : ot
254
Longitudinal Concrete Stress Internal Forces N+M
top ) '
G 879ton M: 383 ton-m
22.35cm
-180.0 13.7 L
£ N: 0.0ton
- 21.20cm
~ T: 88.0ton
bot| N =

U 3 nailasesivihousslaseainsainlusunsy Finite Element
4.3 uesnLuuEumMalaTsaseInsineasuaulniues Carbon Fiber Reinforced Polymers (CFRP)
usiulndwesiasuduloauey (Carbon Fiber Reinforced Polymers) Yanyiannidulefifiannuudsg (High
Strength Fibers) ifdssunsannninndnuszanas 10 wiilaeUnACFRP Al4vALUT 3 Uszawlaun wuuwsy (Sheet) A
nuUsENIad 0.11-0.17 1. wuvan3yd (STRIP) AmnuuunUszanu 1.2-1.4 u. waghkuuwienay (ROD) Lé’umuﬂuéﬂma&guwi

8 1. fagUi 4 - 5
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CFRP WRAP CFRP ROD

4 U309 Carbon Fiber Reinforced Polymers

oD Can D

| NIBICHICFUBO : TECHNICAL DATASHEET | | NIBICHICFU6O : TECHNICAL DATASHEET |
Product <> NIBICHI-CFU60 Product <> NIBICHI-CFU60
Fabric Construction <> Fiber Orientation 0° (Uni-Directional) Fabric Construction < Fiber Orientation 0° (Uni-Directional)
‘Warp : Black Carbon Fiber ‘Warp : Black Carbon Fiber
Weft : White Thermoplastic Heat-Set Fiber Weft : White Thermoplastic Heat-Set Fiber
Dry Fiber Tensile Strength <> >4800 MPa Dry Fiber Tensile Strength <> >4800 MPa
Fiber Tensile E-Modulus < >230GPa Fiber Tensile E-Modulus < >230GPa
Elongation at Break < >2.10% Elongation at Break < >2.10%
Fiber Design Thickness < 0.337 mm. Fiber Design Thickness < 0.337 mm.
Area Weight < 600425 g/m’ Area Weight < 600425 g/m’
Filament <> TORAY (JAPAN) Filament <> TORAY (JAPAN)
Fiber Density <> 1.75 g/em® Fiber Density <> 1.75 g/em®
Shelf Life <> Unlimited (Product Warranty) Shelf Life <> Unlimited (Product Warranty)
Storage Condition < 7-35°C Storage Condition < 7-35°C
IMPORTANT IMPORTANT
All information is believed to is given without accept of y. Users should make their own assessment Allinformation is isgi liability. Users should
of ‘product for the purpose req All sles are made subject to our standard terms of sales which of the suitability of any product for the purpose required. All sales are made subject to our standard terms of sales which
Include limitations on liability and other important terms. The fabric style listed may not be available from inventory, and include limitations on liability and other important terms. The fabric style listed may not be available from inventory, and
minimum order quantities may opply. ‘minimum order quantities may apply.

Distributed by Thai Carbon Fiber Co., Ltd. Distributed by Thai Carbon Fiber Co., Ltd.
10120 X

U 5 fegnetayanadnsiae Carbon Fiber Reinforced Polymers
satulunsldau CFRP desiinnsdisiansiageunasiiasieimuineaniuulaseasenagldnuasadivunzaulng

Fennslaseasne dielinishings CFRP laegigndes uazlassainermsinnudaendelunisldnumundnisanssy lnenaly

[ o v o =

CFRP aggneopnuuulmasuindanssunsedn (Flexural Strengthening) taSurindesunsaion (Shear Strengthening) wagiasy

'
o w A

MasiaiiuaNUmdeli iUt udIulAT9E519 I08N1SANUIN WALEBNWUU WIBLESUANSIUNASIAS T UADIAIUIN WaY

PaNLUVBE1gNFBINUVENIMASNRenssy (ACI 318-08 & ACI 440.2 RO) [6] [7) faguit 6 - 7
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1. Geometry and Materials N . _
Design Code - ACI318-05, ACI 4402R K ?”9!0" : E;iar M; - ;]'?; :g”;
Design Concept * 1SS CANADA - Design Manual No 4 1000 - Tension E dnpTep = 21.16 ToN
Material Data  : fa = 195 kgiicm? (g+=0.850) I' 4] -. Design Moment Strength . ?&4 :1356%7 innf—omK
: fy =3000 kgfflem? . -. Strength Ratio I My n = 0. =1 o X
* s = 2400 kgffem? I je
o -. Extreme Strain : Concrete & = 0.0014
Section I HxB=55x25¢cm 8 = -. Extreme Strain - Rebar & = 00138 = 0.0040 ... OK
- N br=10x 100 cm . Extreme Sirain : FRP ep = 00150
Top Bar (Layer1): 3-d20 (dr=2.5 cm) -. Failure Mode - Steel Yielding — FRP Rupture
Bot. Bar (Layer2): 2- d20 (da = 7 cm)
Bot. Bar (Layer1): 4-d20 (ds=25cm) ~
Stimups - 1-ds@20cm 6. Check FRP Strain at Required Flexural Strength

-. Design Moment Strength ¢Ms = 34.40 tonf-m

2. Reinforcing Materials - Neutral Axis Depth ¢ =657cm

Position  Wap(cm) Trp(em) fip(kaflem?) smmow  ¢m  Product - Concrete Strain g = 00018
Bottom 2500 00334 3510962 00150 07000 A%OWIA SK-N30D (2 Ply) -. Rebar Strain & = 00122
Side (Shear) 45.00 0.0167 3619992 00150 03000 A“%O%JA~ SK-N300 (1 Ply) -. FRP Strain e = 00133
3. Member Force and Moment 7. Check Tension Reinforcements
M = 3440 1onkm ~As = Tl +Am-(fp i) Hfyds) = 2668 cn?
- Va = 2280 tonf ~As = TiAwr) = 9.42 cm?
4. Bending Moment Capacity - Before Strengthening - = ZlAe - da) ! (As) = 282em
- Strength Reduction Factor. Concrete ¢ = 0.800 e i A - G} (Ac) i 250¢em
-. Strength Reduction Factor: Rebar & = 0.900 -d = H-ds = 52.18cm
- Nettral Avis Depth ¢ =3M6em - Asmnt = 3. [Ta Iy Bd = 129¢cm?
-. Compression : Concrete  Ce = 40.05 tonf - Asmra = 200/fy-Bd = 043cm?
-. Compression . Rebar ®Cs = 10.62 tonf - Aemn = Max(Asming, Asminz) =129<2668cm? .. .. OK
-. Tension - Rebar Ts = 50.87 tonf
8. Check Shear Force

- Design Moment Strength eMn = 2513 tonf-m

-. Strength Reduction Factor Concrete éc = 0.750

. . -. Strength Reduction Factor. Stirmup % = 0750
5. Bending Moment Capacity - After Strengthening

- Strength Reduction Factor Concrete ¢ = 0.900 - Strength Reduction Factor. FRP = 0.300
-. Strength Reduction Factor Rebar s = 0.800 —
- strength Reduction Factor. FRP w = 0700 ~iVe =2 fTa -Bd = 7.08 tonf
- Ve = gs-Afydis = 1.29 fonf
- Neutral Axis Depth ¢ =476cm - tmVim = dm - 2 Top Wip fip = 16.32 tonf
-. Compression o Concrete  ¢Ce = 60.36 tonf - Vn = deVe + eV + dapnp = 2469tonf = Vy =2280tonf_.._. OK
- Compression - Rebar ®%Cs = 11.66 tonf

LY

3U# 6 feg19aM1sAUINNISIETNANGS Carbon Fiber Reinforced Polymers Ay

1. Geometry and Materials 6. Calculate Concrete Strength - After Strengthening
Design Code - ACI318-05, ACI 440.2R Ultimate Confinement Pressure due fo FRP Strengthening
Design Concept 151S CANADA - Design Manual No.4 & = 0.0020

Material Data - fox =195 kgficm? (Br=0.850)
- fy =3000 kgffem?
* fis = 2400 kgffcm?

fip = fop - £'op [ Empasow = 4826.66 kgffem®
fm =2 émp - P - tmp - (B+D) / (B - D) = 38.69 kafiermn?

350

Section Dim.  -35x 35¢cm Volumetric Ratio of FRP Strength to Concrete Strength
Effective Len. - Klu=4em @a = Top /(e - fox) = 0.305
Steel Distribut - 8-3 -d16 (dc =4 cm) 50 Compressive Strength of Confined Concrete
Total Steel Area : A = 16.1 cm? (px=0.0131) fee =t (1 + opr - ) = 254.52 kgflem?
2. Reinforcing Materials ope = 1.000
Position Wap(em)  Trplem) frp (kgficm?) s asow tap Product
Horizontal 50.00 0.1002 36199.82 00150 07000 AC%O%JA™ SK-N30O (6 Ply) 7. Check Axial and Moment Capacity - After Strengthening
Vertical 500 01200 2855205 00170 07000 A"‘/DE(; SK-CPS0512 (1 Line) Rotation Angle 6 =5015+°
Depth to the Neutral Axis c =354cm
3. Magnified Moment Strength Reduction Factor L] =068
KLt =4M0=0 = 34-12(MJ/Mz) = 22.00 Maximum Axial Load #Pomag = 161.09 tonf
5 - 1000 Design Axial Load Strength ~ ¢Pn =13273 tonf

Design Moment Strength M =511tonf-m

Klufy =410=0 < 34-12(MuMz) =22.00 My =613 tonf-m

&  =1000 Strength Ratio - Applied/Design=0979<1000 0K
4. Member Force and Moment oY " :'_'k:"_' p e ey
Pu =130 tonf "
8 Mux MAX[Muy, Puiin] = 5 tonf-m
5y Muy = - MAX[Muy. Pugmi] = 6 ton-m . R "
: / ey
! ) ) . : 1
5. Check Axial and Moment Capacity - Before Strengthening . ! )i
Rotation Angle 8 =50.19° i S ) ! T oy
Depth to the Neutral Axis c =3573cm ¥ * =+
Strength Reduction Factor =085 N e g \/
Maximum Axial Load $Prmag = 12028 tonf 2 |
Design Axial Load Strength  ¢Pn =106.87 tonf = |
Design Moment Strength M =411tontm ) - ,
®Mry  =4.93 tonf-m " - R ¢z o= = om m s oz oz ®
Strength Ratio - Applied/Design = 1.216 > 1.000 ..... Reinforcement | "% = = = = e = @ e

JUN 7 fMog19M1sAWINNSIESUANGS Carbon Fiber Reinforced Polymers L
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4.4 n3Aada Carbon Fiber Reinforced Polymers (CFRP)

Jumpulunsfndsszuu CFRP fadligiiivszaunisal enudeimguanidilaludunsunsfinfududiiunms
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gﬂ‘vi 8 ns@nsa Carbon Fiber Reinforced Polymers

1. wisuiuneuninifiufiosiings CPRP Tavatayuaiulassadaduonn mamunisusndriliinistenusuion
miaﬂ@l’;ﬁwswu Concrete Repair %39 Epoxy Injection nau

2. 36l Bond — Critical Application léuA msiasufndausadia wariidwsudou vesiiu nensd Contact -
Critical Application l¥uf N135m930 (Confinement) Taslassadisnnunin Foundonfiufalmou yuilassfuusiu CFRP
swdeaivsavyuianeuninlasiairaiusaiiogiedion 13 fadiuns iedoafunrnadonuaznisifindesinesening CFRP

AUADUNTA LAaYaIULANURIA2E Epoxy Putty Filler wazinisuialiiseulaanistn (Abrasive) wsadnngun (Water —

v
a o 1

blasting) USkinuiasfnsiausiu CFRP

v ¥ v
a g b U

3. nupdeuthensesiiuiiianeuninfiozinds CFRP ¢8 Epoxy Resin tilon1sBannsdidseninanouniniuan
CFRP A23H@M Epoxy Resin auftuziwesiudn in3osflofinaunisifuluia lain nanfiguvgifivuizaunisly
szoghaniifvun Ingduuszneutes Epoxy Resin uay Hardness fignuasudadasliliuanielunan Pot Lift fifimun
ilesnnnauasnsAsunlasesgamgiiiinadenisudaiives Epoxy Resin

4. 19usiy CFRP UL Epoxy Resin fin1lvaiedidliudes %memmﬂﬁwqmﬁya At Epoxy Resin yiuuy
Wi CFRP i 1nel Epoxy Resin 9gfosfHuuLuNY CFRP

5. lunsdidennetures CFRP Faurfuurwidn 191 Epoxy Resin wazansusuroudl Epoxy Resin luduusnas
wiash usiuves CFRP gfosnanuuwiiiiivun wiudanss 1egniianng msdouviuvesusiuaznsziildnmuuenves

wnlaeirunAuenTtugdeuriunuAkuginvesings lnernuenveinsteurivdesidesnd 10 wufuns

' v
a a v a

6. AUTUAUNNTLUBINALAYRIABUNIANIALARS Y INanTeNULAnNTIRaUsEaNTAINN5ANAIUDY CFRP AItUADY

milsisanniandounaunisins Inevialy Epoxy Resin limasfasiuuiinouninlassasisidanudiuiu 4 %
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5. unagy

5.1 MsnadeuLuy Non-destructive Testing Yaensiaaeulaegsaznin a5 lilvianslassaiaunaydaanunsa
Uszilumdaatosnmvedasiainserns a Jegduiesiamsiuasudasuazasafonundnimnssuiiothluinse
nsEsuiaslassasesioly

5.2 nssrassguuuuvedlassaiieislusunsulnluddamud awdiovhlvannsomausnigluataiiintu
(Moment, Shear, Torsion, Axial force, Stress) uazulUUssULUIoUBUAUNANITATIVEDUMING1ITIIAU KINdAIN
Tnssashs o taqtudiddssudinin (Strength) tosnniusinelufifniuiasiluinsesinaasuidlasadtely

5.3 mawasuiddagldaveulmves iuitiasumddiidussansam dmdnun andynludewssunis
aotnenssu ?jaﬁaqﬁﬂﬁﬁm&y’naéwgﬂ?ﬁmQﬁﬁﬂﬁsaumizﬁ mwm%mmﬁgLLasL%ﬂiﬂiu%umauﬂ’liamé'?ﬂLfJuQ'm"wLﬁumi
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5.4 ANEUAINISHESUNNNIFIUNTINTIVFUMAISUMUNaSalalnennaay Load Test LiOASII@BUANUANNNTOIU

nssuidedasiaiieiaunsasuintnussynasiiiudulanunesumasl e lilaesds uasgiu AC 318-08 [7]

6. NAANIINUTZNA

nsAiiuanuresunanuldnsaaalimeftudesnnldsunisatuayudeyasin us¥w Thai Carbon Fiber

Co., Ltd. uazu3em One Engineering Consultants Co., Ltd.

7. UFIUIYNTU

ACI Committee 228.2R - 98, Nondestructive Test Methods for Evaluation of Concrete in Structures, AClI Annual of
Concrete Practice, Farmington Hills, MI, American Concrete Institute.

ASTM (C805-02, Standard Test Method for Rebound Number of Hardened Concrete. Annual Book of ASTM
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