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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
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Geometric Properties
Gross Cone, Trans {n=9.60)
Araa (em?) 1375.0 1699.0
Ineria (cm®) x 107 B 6 4851 it 2 gg m
¥y (em) 275 28.1
¥y, (&m) 275 269
=1
5 (em?) 12604.2 17507.4 8 AMUZAE00 cm
8, (cm?) 12604.2 18430.3
: ——3-20MM
Crack Spacing 2 o0 F——a.20MM

2xdist+ 0.4 dy /p I_

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

00,-00,00 + 00,1.0,00
All dimensions in centimetres

Clear cover to transverse reinforcement = 2.85 cm

Concrete Rebar
to= 180 kgemt————— {= i o TB-1
- == Long, f =4 00 -
/ o= 1._,“] £ - ~Trans, ?\_ =2.40
/ Ty = 14.5 kglem® (auto)
&' = 1.86 min/m &; = 100.0 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 uailsesivihousslnseainsanlusinsy Finite Element
4.3 uppnLuUEUMalaTsaseInsineasuauliues Carbon Fiber Reinforced Polymers (CFRP)
wrinlndwefiasuduloaifueu (Carbon Fiber Reinforced Polymers) Yanviannidulefifianuudsgs (High
Strength Fibers) ifdssunsannninndnuszanas 10 wiilaeUnACFRP AlLUT 3 Useuavlaun wuuwsy (Sheet) A

wuUsEANN 0.11-0.17 ual. uuavisy (STRIP) AuvunUseanas 1.2-1.4 usl. Uazhuulvienas (ROD) lduruAugnasmaus

8 uu.faguit 4 - 5
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CFRP WRAP CFRP ROD

gﬂﬁ 4 Ysz1nnve9 Carbon Fiber Reinforced Polymers

e
B

| nisicH cruso

: TECHNICAL DATASHEET

Product

Fabric Construction

Dry Fiber Tensile Strength
Fiber Tensile E-Modulus
Elongation at Break

Fiber Design Thickness
Area Weight

Filament

Fibor Density

Shaelf Life

Storage Condition

IMPORTANT

AL e BT MY S

A¥ infosmiaeion s beSeved 1o De GXTIYBte DUt 8 gve WTHhout OCCEptance o
o the susbotility of vy product for the purpose reguired AV sales
inclacde limitatiom on loddty and ocher impartane terrm. The fabec syle Aed may not be availoble from isventory. ond

NIBICHI-CFUG0

Fibor Orientation 0° (Uni-Directional)

‘Warp : Black Carbon Fiber

Weft : White Thermoplastic Heat-Set Fiber

> 4800 MPa

>230GPa

>2.10%

0.337 mm.

600225 g/m*

TORAY (JAPAN)

1.75 g/em”

Unlimited (Product Warranty)

7-35°C

f BaRAty. Lsers SROUM MOAE Ihesr own Sssessment
subject 10 our stanciand termy of sales which

| NIBICHI CFUGO :

TECHNICAL DATASHEET ﬂ

Product <

Fabric Construction <

Dry Fiber Tensile Strength <>

Fiber Tensile E-Modulus <
Elongation at Break <
Fiber Design Thickness <
Area Weight <»
Filament <
Fiber Density o
Shelf Life <
Storage Condition o
IMPORTANT

NIBICHI-CFUS0

Fiber Orientation 0° (Uni-Directional)

‘Warp : Black Carbon Fiber
Weft : White Thermoplastic Heat-Set Fiber

> 4800 MPa

>230GPa

>2.10%

0.337 mm.

600125 g/m’

TORAY (JIAPAN)

1.75 g/em®

Unlimited (Product Warranty)

7-35°C

s bebeved

of the switatslty of ny et for the puipase required. AT sole

£ o

o
inclurde lenitatuns on SSdty G other mportant termm. The fabric style Mted may not be Gvadatie from ventory, and

minimm crder quentives may opply

Oumities by Thal Carbon Fiber Co, Ltd.

I Sttt A Lo Vorvms dargtod N1N!

.

Ousvitutect by Thai Carbon Fiber Co. Ltd.
AN I A

IR SaNE R Samoongees Vaneaams Rt

N LTSI IR e BND TR STET

U 5 fegnetayanadnsiae Carbon Fiber Reinforced Polymers
satulunslgau CFRP desiinnsdisiansiageunasiasisimuineaniuulaseasenagldnuasadimunzaulag

Fennslaseasne dielinishings CFRP laegngndes uazlassainermsinnudaendelunisldnumundnisanssy lnenaly

[ o [ o v o =

CFRP agneoenuuuliasuindanissunsedn (Flexural Strengthening) taSurindasunsaion (Shear Strengthening) wagkasy

' v
o w A

MasiaiiuaNUmdeli iUt udIulAT9E519 I08N1SANUIN WALEBNWUU WIBLESUANSIUNASIAS T UADIAIUIN WaY

PeNLUVBE1gNFBINUVENIMASNFrnssy (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

o

3UT 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

JUT 7 fog19n1sAWINNSIESUANGS Carbon Fiber Reinforced Polymers L
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4.4 Msinda Carbon Fiber Reinforced Polymers (CFRP)
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fanalull
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gﬂ‘vi 8 nsAnsa Carbon Fiber Reinforced Polymers

1. wisufuinneuninifinfiosiings CPRP Tavatayuatulassadaduonn mamunisusndraliinstenusuion
miaﬂ@l’;ﬁ?mzuu Concrete Repair %39 Epoxy Injection niau

2. 36l Bond — Critical Application léuA msiaSufndausadia wariidwsudou vesiiu nsensd Contact -
Critical Application l¥ud N135m930 (Confinement) vaslassadisnnunin FoundonfiufalmIou yuilassfuusiu CFRP
sdeaivsavyuianeuninlasiairaiusaiiogiedion 13 fadiuns iedosfunrnedonuaznisiindesinesewing CFRP

AUADUNTA LAara IULASNURIA2E Epoxy Putty Filler nazinisuialiiseulaanistn (Abrasive) Wsadnngul (Water —

v
a o 1

blasting) USkinuiasfnsiausiu CFRP

v ¥ v
a g b U

3. nupdeuihensesiiuiiianeuninfiozinds CFRP ¢8 Epoxy Resin tilon1sBannsdidssninanouniniuan
CFRP A23H@M Epoxy Resin auduuziiwesiudn in3osflofinaunisifuluia lain nanfiguugifivuizaunisly
szoghaniifvun Ingduuszneues Epoxy Resin uay Hardness fignuasudadasliluanieluian Pot Lift fifiyun
ilesnnnauaznsAsunlasmesgamgiifinadenisudaiives Epoxy Resin

4. 113uniy CFRP UL Epoxy Resin fin1lvaisdidliudas %memmﬂﬁwqmﬁya 9ntum Epoxy Resin yiuuy
Wi CFRP i 1nel Epoxy Resin 9gfos@HuuLuLNY CFRP

5. lunsdidennetues CFRP Faurfuuruiis 191 Epoxy Resin wazansusiuroudl Epoxy Resin luduusnas
wdash usiuves CFRP gfosnanuuuiiiiivun wiudanss 1egniianng madouviuvesusiuaznszildnuuunenves
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