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CNS 1011 (ASTM C190-85)
B =30 kgf/ cm?
(% BE1k)
it 1i§{ﬁ$ 3% F CNS 10141

(F# ik ¢ FARBfEI > § 2RME L § > 2008)
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3. r;rﬁﬁ,k e K E R LOKRR) j]{» o

R E ’J‘ff“?)ff]%
CEERTETS

FEA R R K %3 Aar i K °

il s Bk BREEE D &2 kiR

J\/ﬁf’/% SRS
]\ ?’/jf(.ﬁ Ragd o

(FR &R ¥ EREHE RS ¢ 2RHE L § 0 2008)

% 2-7 @5 FATPLER T M) EH L AR

I P REE Bl
mE TR CNS 1010
R B
(% 5+ * 210 kgf/ cm?) (ASTM C109-90)
AL A | >15kgf/ em? (- %) ASTM 882-87
W E 0~4%@7 = ASTM (C927-87
BAORAE | 4 5R D 0.3 kel m?
CNS 13465
FHF 7R | FEARES 015 kel m?

R
b
5

P EARSREIARL S 2EMET § 0 2008)

$ro AT 20Kk kA

(1) kit it 5 PR BT ARG fork it &) 3 4o % F14 B ppgrs 1 i
Rk 4 ‘éi.’]'tfﬂh]x,ﬁzo e G o

(2) AP ET FRTAFURG R RS B R R G EcE

FEREBIB VI RETLAR ARG R PRRRI 2 F

7B o #-ikdh CNS 9661 it 7 ipl3# o

(3) Rt HAF AR BMATRF RS cREMA BRI T HEE
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ARG (PR EE 20112 TR 141 R fEE (P
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PR IE P RTE El S
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B .3-;—#4: F ¢t Bk FRP Jk 3eR 3o 1 1 % (ACI440.2R-17 ; ¥ RR & 2

¢ > 2017)
WACIRfE? R T A F2mfamz 8 29 Udle Rersir#pe

‘L_‘.l_T_l
(i
™
5

TR SR AL RERFTT e p RIRE RS fE 5
BE R A G T AR R L ko X W R R AR Y A

RN ST T LR

)

anchored FRP
anchored FRP FRP strip anchorage U

U-wrap anchorage

i

beam soffit
(a) U-wraps (b) FRP strips

mechanical fastener

steel plate
NSM
anchor l.!.in!.l-
FRIS: If)(;(y fill beam soffit /

anchored FRP
anchored FRP anchored FRP

(¢) NSM anchor (d) Mechanical fasteners

r fiber anchors —\
L. ¢ |

Y N

=

. anchored FRP 75/}7
fiber anchors = f
beam softit (e) Fiber anchors

W2-1 REaHE N
(FHKR: ZRRRELF ¢ > 2017)
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WRRI BERAS L Ly RS T L
Behavior of RC T-section beams strengthened with CFRP strips, subjected to
cyclic load (Tanarslan > 2010)

TR B RRD TAUPHEF RRERKLAT 0 AENER L T8 |
s dtPRe o HA6 AFAMmAe Y oo 5 5 BRI P RERUR R A 50 1
B4R FEMI AR AT T REFIER A 2- 11 H P 5 1 BN
(Specimen 7)#& * Sx5x0.5(cm)& 42 2 /& | cm 4 F 2 U Al ¢ f2 sk apt
oo PR BArE 2-2

WSk 2-12 1 & Bkde

() mmpfapbRRAIES TR E L 347 Amdad v/ -

(2) PFEEPERFEES Y 110mm ™' 3 80mm pF > H F 4 35 & 3 4 3%

MBS ARER TR Wrd 50mm 3 4 32 100 mmo 2§ 4 55 B 3 4r 14 %e

() ttplmgaptRFEE TRT  ERERIREES R U Ale

BZHPF HEA AT RRER A HERT A AR o
4 # U dle RREGER Y &MRFAT > 710 22h b S RHE > o

FAERHGY o A B AR B2 ARG SRR T AR L
) B AR

L,.3

2 ﬁl RO AR AR W B P T 4 B - BUR
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F 2-11 REEK

Specimen # f. (MPa) CFRP strip for strengthening
W (mm) S (mm) Anchorage Arrangements
Specimen-1 (Control) 33.0 - — — -
Specimen-2 (Control) 30.1 - — — -
Specimen-3 (Strengthening) 324 50 110 - Side bonding
Specimen-4 (Strengthening) 30.2 50 80 - Side bonding
Specimen-5 (Strengthening) 31.4 100 130 - Side bonding
Specimen-6 (Strengthening) 28.3 50 110 - U-jacketing
Specimen-7 (Strengthening) 31.6 50 80 Yes U-jacketing
“ W = CFRP strip width
P S, = center-to-center spacing between CFRP strips
(F#L %R : Tanarslan > 2010)
. 360 ,
] 150x50x5 W
rStell Plate 50%50%5
A ™ - Steel plate
DETAIL-A : Al w0
— = . Ll I
~ =
2 U-jacketed
CFRP v
By a

| 120 |

1 1

(74 %% : Tanarslan > 2010)

120 | 120 |
1 1

W 2-2 REEFT NHEW
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£2-12 BBHEE

Specimen # Ultimate Failure disp. Initial stiffness Stiffness at Increase in ultimate Increase in Failure mode
load (d,) (mm) (kKN/mm) ultimate load displacement after ultimate at ultimate
(V) (kN) (KN/mm) strengthening (3, o/8,,) load after
strengthening
Viua/Vu)
Specimen-1 Control 96.92 70.60 6.56 2.96 - - Flexure
Specimen-2 Control 39.52 8.70 6.15 3.62 - - Shear
Specimen-3 Side bonding 61.63 17.75 6.33 3.33 2.04 1.56 Shear (debonding)
Specimen-4 Side bonding 62.94 14.56 6.41 3.30 1.67 1.59 Shear (debonding)
Specimen-5 Side bonding 68.48 17.73 6.70 3.01 2.04 1.73 Shear (debonding)
Specimen-6 U-jacketing 60.01 16.20 6.38 3.10 1.86 1.52 Shear (debonding)
Specimen-7 U-jacketing 80.67 29.89 6.89 293 344 2.04 Shear (rupture)

Forward loading step was considered for ultimate load and ultimate displacement

34

(a) Specimen 6

(F AL % R

Pebonding

/.';hear cracks

: Tanarslan » 2010)

ol

Rupture

(b) Specimen 7

Bl 2-3 B AR T & A BURH

(74 % & : Tanarslan > 2010)
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Strengthening RC T-Beams Subjected to Combined Torsion and Shear Using

FRP Fabrics Experimental Study (Deifalla and Ghobarah > 2010)

<

"m

T T A ZY A Hpapier T A A2 doke @ ik
BEL60RHY 2R ifRE 4 AR RAEE BYRTE L2 om bt L
125 x5x 1 (cm) & 4% 20 B /2 2 om 4y iddy FIALE S P mpl i a3k 3 Bl4c @] 2-4 -
2o é)’%ﬁé% BT R4 B bR TE% > TBl g HE T/V=0.5m> TB3
gFEd H T/V=1m -

B EAE 2-13 B 2-52 R 2-60 1L & FHAoT

e
i

(1) % T A ZARRRAT LB AL T4 Bheir 27 4
(S RM A o A B FR A R0 4 0 T AR MERD FFE 2 F
iri o

(2) 4cE3 U4l B(TBIS2)8 #3 B # < # > ¢ B(TBIS3-TB3S4) 4 » v

SRR e gp it o B 55 R H 4 23 %87 46 B A4 38% £ £ U ¢ R

(B) U Alé BR(TBIS* 1 de 5 i » Ap$3t ¥ ¢ d ¢ & FH > N H %k &

(4) 2 ¢ B(TBIS3-TB3S4)5 #F 2= 4> 3% ¢ > 2 ¥ 3 %2 <7 i &

PoRSEE RERNE FFEHEEEG o

(5) % LA A A N s B INA R R A ok o
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20 ITII:
Steel rods

Picce 1 (CFRP U-jacket)

U-Jacket

'

TBI1SI

Ljflmc 11 (CFRP Flange Jacket)

Extended U-Jacket

L 4
~ Angle 125x50x10 Q ’—J

ol
20 mm —
Steel rods

Piece I (CFRP extended U-jacket) l

20 mm
Steel rods
Piece I (CFRP extended U-jacket)

I l/‘k Angle 125x50x10

Full Wrapping

: '

TBI1S2

TBIS3

OR:E ETR T2

:-Piccc I (CFRP Flange Jacket)

o s s

Ve Piece I (CFRP extended U-jacket)

s Picee 11 (CFRP extended U-jacket)

] f — Angle 125x50x10
l l/ 20 mm
Sieel rods

Combined Full Wrapping
and Extended U-jacket

'

TB3S4

NS

s s

35 cm

36

90 cm 90 cm 90 cm

(b) &ixfiE
W 2-4 LSRR EW

(F #L %R : Deifalla and Ghobarah > 2010)

T35 cm




CEE 3 3
% 2-13 P55 % - B0 AU
Maximum
torsional Maximum Maximum
resistance angle of twist FRP strain
Beam (kN-m) (degrees/m) (mm/m) Mode of failure
TB1 23.39 2.82 N/A Combined torsion and shear
TB3 11 1 N/A Combined Shear and torsion FRP debonding and torsional
TB1SI 33.85 3.11 4.26 FRP debonding and torsional failure of concrete
TB1S2 38.09 4.29 4.70 FRP debonding and torsional failure of concrete
TB1S3 40.01 6.10 7.69 FRP debonding
TB3S4 18 8.5 7.59 FRP debonding
Note: N/ A=not applicable.
(74 k& : Deifalla and Ghobarah » 2010)
90
. T 1 iy IR SRRt I oLt Pve
70 1
= 60
=
o 50
5 ,
T 40| .
% 30 L
——— TBISI
10 —-—-TBIS3
0 T r T 1 ! 1
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Strain in transverse steel at the middle of the test region (mm/m)
W 2-5 TB1 #5% % %-1 4

(7 4% k& : Deifalla and Ghobarah > 2010)
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160 | Pm=Ems
140 - |
120 -
100 -

80

Shear force (kN)

60 +14-

e V: T

409 — — — TB3S4

20

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Strain in transverse steel at the middle of the test region (mm/m)

Wl 2- 6 TB3 5% 3 % - 4

(74 k& : Deifalla and Ghobarah > 2010)

(a) TBI
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| FRP end debonding.

———

-

-—
L

A

Concrete spalling.

(b) TBISI

| FRP diagonal peeling off |

Refer to figure 10
Refer to ﬁgure 11 Refer to ﬁgllTC 12 for behavior of
for behavior at for behavior of flange bottom at
anchor bolt. ﬂal‘lgc bottom at this location.

this location.

(c) TBIS2
¥ 2-7 TB1 ~ TB1S1 ~ TB1S2 #1 el 3 R
(7 4% k& : Deifalla and Ghobarah > 2010)
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BHRRIBERAP 2 XTI REBR ST P
Ductility of T-shape RC beames strengthened by CFRP sheet (Kanakubo > 1998)
SRHEH T UEHRE I FRBRET SRR P E SRR
2R BEMEE 5 15 Y O ET A AR 6 L B B @ 2
PN FO ST A 2- 148 E2-8 BP9 AT e as Udle RY
R I RAeREAT UL e hoa BECHA> A SHFEeRlAT
HeY Bidiany > CLzhaammi o
TARF AP EdmEdye 5 4 2-15- B 2-9 2 Wl 2- ll’v[;&e;-‘!
(1) %S EHT pw s 0.18%2 H % B % V& 22 A 4o FpUR sk ilgp
B4 20%% 60% > & e oo 4 & 1232 1.8 7 o
(2) pwi 0.18%2 H % d ¥ a #r REREAFLFAIFRE] A B
Bofzae X123 1.8% -
3) WERBECHAN @ dmiE B THERYN S 0 fERE
SR EE 0 B PR R R B
(4) VEGEHEBREL21 D25 B 2- 107 NFERA F&H> 1 ' E
FAFHEEHBEE A MV O FEAT TR EYAL
(5) ¥ pr3Tfe S BB CARET I RR R R v GE R 5L 24(F &7 F)
2 25(C 4 A) sk B % A 3 5 TR R B F 4 AR C 4 H
MOBRERARE T R EEARF o d PV I F Ay H T YR AR Ay T
3% o
(6) #FHSEHT  HF*HTLHAUL e RARET NG st SRl

A H AR AR AT B ok o
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E g }Ek ¥ Af
i 2-14 BUWHT
Section Stirrup CFRP sheet
. ’ ¥ Anch thod
Main bars | Reinforcement | p,.(%) weight Z p(%0) fichot metho
No.11 - 0.18 -
No.12 B : continuous plate
2-D4@70 0.18 2
No.13 @ 200g/m” 0.58  |A : slab surface
No.14 C : staggered plate
No.15 - 0.46 -
No.16 200 x 2-D6@70 0.46 2 B : continuous plate
No.17 | 300mm 200g/m 0.78 A : slab surface
No.21 - 0.18 |D’: angle with both bolts
No.22 5-D13 D : angle with both bolt
No.23 | p~1.23% 2-D4@70 0.18 5 E : angle with beam bolt
No.24 200g/m 0.68 F : angle with through bolt
No.25 C : staggered plate
No.26 - 0.46 |D’: angle with both bolts
No.27 2-D6@70 0.46 2 D : angle with both bolts
No.28 200g/m 0.78 C : staggered plate

* I py =t/ fopwrt fr= specified strength of CFRP, f; = yield strength of stirrup, p, = ratio of CFRP

(74 k& : Kanakubo > 1998)

. - _ _r
A B,C plate
sheet sheet
b -
D' angle D angle E angle
sheet sheet
————
F angle
sheet

B 2-8 % ALH &G RK W

(74 k& : Kanakubo » 1998)
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3 2-15 sk
‘ . S‘hear ) Y"ield Max_imum .  Ivield angle Ultimate Ultimate
Spec-im | strength cQOsu / strength |shear force] eQv/ eOmax/ i angle ductility | Failure mode
en cQsu cOmui eQv eOmax cOnnt cOmut E“ Ru _ .
(N) (k) (N (rad.) (rad) |47 RERY
No.11 80.6 0.80 76.7 0.76 1/23 ST
No.12 102 1.01 102 105 1.01 1.04 1/154 1/37 4.19 IF—BS
No.13 109 1.07 87 95 0.86 0.94 1/214 1/50 4.27 F—ST.BS
No.14 109 1.07 96 105 0.95 1.04 1/185 1/25 7.46 F—SC
No.15 101 1.00 107 112 1.06 1.11 1/98 1/23 433 F—BS
No.16 116 1.14 110 113 1.09 1.12 1/99 1/19 5.25 F—BS
No.17 116 1.14 111 116 1.10 1.15 1/115 1/22 5.29 F—ST.BS
No.21 82.5 0.81 91.2 99.4 0.89 0.97 1/207 1/20 104 F—ST
No.22 106 1.04 102 123 1.00 1.20 1/179 1/22 8.06 F—SR
No.23 106 1.04 118 122 1.15 1.19 1/129 1/31 4.14 F—AF
No.24 106 1.04 126 126 1.23 1.23 1/97 1/19 515 |F—=SR
No.25 104 1.01 102 105 1.00 1.03 1/158 1/30 522 F—BS—AF
No.26 104 1.02 115 118 1.12 1.16 1/117 1/19 5.98 F—SC
No.27 120 1.17 120 122 1.17 1.19 1/105 1/20 535 F—SR
No.28 120 1.17 109 118 1.07 1.15 1/136 1/21 6.38 F—BS—AF

note :eQmu=102 (kN)
F : bending yielding BS : slab separated failure
SR : sheet rupture
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AF : anchor failure

SC : shear compression failure

(74 k& : Kanakubo > 1998)

No.21

B 2-9 AR

(F A4 %k : Kanakubo > 1998)

ST : shear tension failure
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GNRFAIRREHTHF AR RF LB ELP PR (P VSR F 470 2023)
TR R B AHE AR R SRR 2 ke 3T B AR
FRHERAE AT LR U FHERY RS N @ FRE N IS
FARRKXTFEZFL 10% BT P RBEFRER > AE{I% o L £ 4
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B R AR RIS BB RS R R A BRMRE Y mTiEk
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% 4 55 e (WWM) ~ 300 pé 4k s gt % (CFRP-s)12 % 55 & 12497.8 kgf/ cm? 5 4k i
(CFRP-p) » :E&E4R J 3k 3+ 4B 2- 12 -
FREE e PERRES LT M2 13 IR 2- 15 2w .
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42 425mm - 49 B 10cm

(a) B4 ke

— MSiub S B
4 A

A ’/ - T : . <
(R -
TN A36ag R S 3008 4 A A
(14x10%0.6) (55x40x0.0165)
(b) mEApET
—— M8Lfdutr — BAMHH
g . : . .o Aa A )
A . T4
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Fz 8 R BN R

Reinforced concrete partition walls retrofitted with carbon fiber reinforced
polymer (Hwang > 2004)

TR AR R A R a2 AT g o B Y SRR L6 L AL WE-R
B R-pApE 2 N (FV S s phof » FHV 2 R AR T b 48
PR - B )-AFE I e F e o B R E TG
15x10% 1 (cm) > @ 452 * M16 &2 MI2 Bz FwoBlw 53 B 2-16-

WHEF AP U RERERES 5T A 2-160 2R 2- 18 RR B BT

(1) BEARAFI* &4y B R 7 G »cdk 23T 4 > H 3085 12 243

Me Raldat i AR5 15 o0 38 -

(2) d FMERRY TRARGHEFT 3RS R o

> B -0

=
L
=
L:
=
L
=
L
B
L
=B
E
o)
N

Column
Column
> <—|

155

A . !/; Detail C
30 2? |
®,6_ 6 _ 6. 68,60, 0 _,,,:: il
—t— '
25 30 Ty S
Base block =
B Section B-B
Wall CFRP
Lap > 20 ;
a::»_-{ Cement grout Radius 3 ‘ Angle
7l (o <
o P —J Bolt (M16)
18 —— Epoxy Bolt (M20)
| | —— CFRP | |
I T T 1
50 250 50 ~ Base block
unit: cm Section A-A Detail C

W 2- 16 ALk sy HiLmF R

(74 % & : Hwang > 2004)
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4
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A
7
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% 2-16 #%
. Measurement Comparison
Specimen 7
/. v, 0, Failure v, e
mode' Vi cate
MPa kN mm kN SST ACIT
WE-127 13.9 1180 17.9 DC 2996 1.16 1.59
WE-12-FV* 13.9 1299 18.2 DC 2996 1.24 L.75
WE-12-FHV* 21.6 1364 17.9 DC 3620 1.02 0.87
WF-12-FV-A™ 22.1 2215 13.6 DC 4692 1.23 240
WF-12-FHV-A* 23.6 2669 17.8 DC 4670 1.39 1.95
WE-15" 22.6 2122 225 IS 4260 1.02 1.27
AVG 1.18 1.64
CoV 0.11 0.30
Note: fFailure mode DC means the diagonal compression failure within web, and IS means the interface
shear failure at base.
i# Yeh (2001)
Chiou (2002)

(78 %R © Hwang » 2004)

:

— Test

?
7
7

Shear force (kN)
17
8
|

O 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 6
Drift ratio (%)

(a) (b) () (d) (e) (f)
WF-12 WF-12FV  WF-12-FHV WF-12-FV-A WF-12-FHV-A  WF-15

W2-17 B8 2RARSAERTIW
(74 % & : Hwang > 2004)
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Shear force F(kN)
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(74 % & : Hwang > 2004)
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14 CFRP i ph ¥ 55 14 /48 5pdw S5 R 3R 2 2 sk 275 (541 > 2007)

VRS T R R X RS EREF 2y o A 5 3 R MAF T 4 e

G5 LWISLWIC~LWICa > LWI1 & $fp e LWIC &2 LWICa ¥ pb R - & X 4]

P apkE > a LWIC Mwi'fw?g%ﬁ ' LWI1Ca & k&4 4p k5 Scm > %34 B

2-19 &/ 2-20 - *p F i = AR 2 ohiB G LWIR > 5 $PR e 2R pUR {5 1ip s

PR 2 4F o

PSR Rt EEE S -17 2B 2-21 > BiHmAeT

(1)

2)

4 MEI&i'fEé*v:“:‘,%ﬁﬁé?-%ﬁfﬁ‘?iiﬁ%—%i’fv'riw o e kA IR

B 4 5 B ML A e o

RS E & CFRP 27 ¥ & M apl fad n Bm 2 F %k > 53

Pl 5 RERS 2802 %
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Al e 100mmX100MmX10mm Angle
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(a) LWIC (b) LWICa

B 2-20 LWIC & LWICa # 8 & 4% 2§
(FH &R 1 542 > 2007)

£ 2-17 @i}

A REE | LW1 |LWIC [LWICa|LWIR

Vmax(kN) | 660.02 | 867 663 440

B/ &
fck - fffii 4 1 131 1
AR
B AME 303 16428133 79318
(KN-mm) [~ 7T T
24 /28 2%
J:t.’f‘_tf:ffﬂ 9% ] 131 242
A
3 Vmax A R B A

(FAL %R 1 54BT > 2007)
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(FAL &R 1 S4BT > 2007)
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R d HREsRp MR
Standard Test Method for Rebound Number of Hardened Concrete (ASTM
C805-97)

ASTM C805 % & iAok 2 245 > »iplE = 2 4@ * Spring-driven steel
hammer R L 3 £ 6 (s > W H F 4w B2 28 RITGRRER RS FUR
SR - A K RES (IS3mm) T RS ET & o g A RS > phiE
A7~ CNS Bl & ¢ o

P ITHP ~ AR F AT

(1) BAR~BEEPEF BibwE2 2R o

(2) FoEsEfei¥o & FiFdE o

(3) BlFEG ETF IR By L BT PREL LG DA % >

—=
e
=Y
Py
=
s
gk
ay
=
da
=
N
Im}
=
-
=
i,

CEN TS T TR
2l o

(4) A2 B2 RRINEE R T 10em 2 G T 177 cm?i b 5
TAEA R Bl ARG G R

(5) 210 B4 Hg T RPEBTI0E > HFAL EL T E20%M P > B4

B20%M P pEL R KNI G o FEATRE o
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}';wﬂ/é_ﬁ

Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials

(ASTM G 155)

ASTM G 155 5 2L & Bl end 35k BRI EE » § Al % ~ JRA o

EHTH PR APIEE IR L RE R HEME TR o

BEEP dHeT
(1) £RHF A B LHF LR F BFFanh L 50 o

Q) BEEREY RFRIORR FIR 0 i R LA
(@) @7 G EAS ko HHERA RELAEE
(b) BXimse £ B kfoRR Hk -

(c) i it KA Rt Mok & 5 A RTIFEM Y KA 2 ks o

% 2-18 § ARFERPRFELE

ASTM G 155 CYCLE 7A
step function RH | irrad. | BP temp. | air temp. | time
1 light 50 | 0.55 70 47 0:40
2 light + spray front 50*% | 0.55 70* 47% 0:20
3 light 50 | 0.55 70 47 1:00
4 dark + spray front + back 95 - - 38 1:00
5 final step - go to step 1

(F4L %R © ASTM G 155)
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20 FE1Z2P e LkaY 7 ) - HEFOT vy TSV —FHFQRM L
ERBY (EH & etal > 2011)
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A 5L #£4) 7 % T 35(MPa) #£ 48 28 % T 35(MPa)
50M 6.89 8.48
S50MF 6.57 7.81
SBRF 5.94 6.55
N 8.18 8.18
SE 14.51 15.24
3E 13.06 15.55

(FH % i A 77§ AETD)
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A B #4 7 % T 5(MPa) #£ 3 28 % T 35(MPa)
50M 45.09 47.59
S0MF 37.04 45.86
SBRF 28.87 44.82
N 44.01 40.63
SE 35.89 31.82
3E 38.83 44.21
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A EL 7% (MPa) | 7% jgF&%&(MPa) | 28 % (MPa) | 28 % jg7(MPa)
50M 23 2.5 2.9 2.8
50MF 0.8 2.5 1.6 2.5
SBRF 23 2.6 24 1.6

N 3.1 3.6 3.3 4.6
S5E 23 1.6 3.2 1.9
3E 3.0 1.8 2.1 1.4
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3E - 0.6
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50M 0.000% | 0.026% 0.045% 0.050% 0.000%
50MF 0.000% | 0.013% 0.034% 0.046% 0.000%
SBRF 0.000% | 0.041% 0.053% 0.057% 0.000%
N 0.000% | -0.049% | -0.086% | -0.113% | -0.116%
5E 0.000% | 0.023% | -0.003% | 0.001% 0.001%
3E 0.000% | 0.006% 0.005% 0.008% 0.002%
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% 4-11 7 4R &

LA | 2 3 4 5 6 7 8 9 | TwRE
3E-01 33 | 27 | 32 | 27 |325| 31 | 30 | 31 | 26 29.9
3E-02 27 | 27 |275| 24 |305] 26 | 26 | 28 [275 27.1
3E-03 28 |28.5| 39 |285(29.5(275| 24 |275|285 29.0
5E-01 44 | 42 | 43 | 43 |40.5|43.5(425| 43 | 46 43.1
5E-02 38 | 34 | 34 395|385 37 | 35 | 37 |415 37.2
SE-03 355 35 | 395|355 38 |355| 34 | 35 | 33 35.7
SBRF-01 | 30 | 30 | 28 [285(275| 25 | 27 | 22 | 14 26.9
SBRF-02 |29.5/295| 25 | 26 | 30 [265| 30 | 27 | 28 27.9
SBRF-03 | 30 |31.5| 25 [28.5|31.5] 26 |27.5|27.5] 26 28.2
N-01 38 | 405 | 41 | 43 | 445 42 |395[39.5| 38 40.7
N-02 38.5(41.5(445(405| 47 | 42 | 45 | 42 | 44 42.8
N-03 45 | 43 | 44 | 44 | 475| 40 | 39 | 385 39 42.2
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American Concrete Institute > (2006) > ACI 546.3R-06 Guide for the Selection of
Materials for the Repair of Concrete.

American Concrete Institute > (2007) » ACI 503.7-07. Specification for Crack Repair
by Epoxy Injection.

American Concrete Institute » (2013) » ACI 506.2-13. Specification for Shotcrete.

American Concrete Institute > (2014) > ACI 546R-14. Guide to Concrete Repair.

American Concrete Institute » (2019) » ACI 318-19. Building code requirements for
structural concrete.

American Society for Testing and Materials » (2014) » Standard Test Method for
Restrained Expansion of Shrinkage-Compensating Concrete(ASTM C878 /
C878M).

American Society for Testing and Materials » (2016) » Standard Test Method for Time
of Setting of Concrete Mixtures by Penetration Resistance(ASTM C403 / C403M).

American Society for Testing and Materials » (2016) » Standard Test Method for Change
in Height at Early Ages of Cylindrical Specimens of Cementitious
Mixtures(ASTM C827 / C827M).

American Society for Testing and Materials » (2018) » ASTM C596. Standard Test
Method for Drying Shrinkage of Mortar Containing Hydraulic Cement(ASTM
C596).

American Society for Testing and Materials » (2020) - Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or [50-mm]
Cube Specimens) (ASTM C109 / C109M).

American Society for Testing and Materials » (2020) > Standard Test Method for Bond
Strength of Epoxy-Resin Systems Used With Concrete By Slant Shear(ASTM
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American Society for Testing and Materials » (2020) - Standard Test Method for
Bleeding of Concrete (ASTM C232 / C232M).

American Society for Testing and Materials > (2020) » Standard Test Method for Slump
of Hydraulic-Cement Concrete(ASTM C143 / C143M).

American Society for Testing and Materials » (2020) - tandard Test Method for Tensile
Strength of Concrete Surfaces and the Bond Strength or Tensile Strength of
Concrete Repair and Overlay Materials by Direct Tension (Pull-off Method)
(ASTM C1583/C1583M).

Deifalla, A., & Ghobarah, A. (2010). Strengthening RC T-Beams Subjected to
Combined Torsion and Shear Using FRP Fabrics: Experimental Study. Journal of
Composites for Construction, 14(3), 301-311.

Hwang, S.-J., Tu, Y.-S., Yeh, Y.-H., & Chiou, T.-C. (2004). Reinforced concrete
partition walls retrofitted with carbon fiber reinforced polymer. ANCER annual
meeting: networking of young earthquake engineering researchers and
professionals,

International Organization for Standardization » (2014) > Maintenance and repair of
concrete structures(ISO 16311).

Kanakubo, T., Aridome, Y., Furuta, T., & Matsui, M. (1998). Ductility of T-shape RC
beames strengthened by CFRP sheet. Transactions of the Japan Concrete Institute,
20, 117-124.

Tanarslan, H. M., & Altin, S. . (2010). Behavior of RC T-section beams strengthened
with CFRP strips, subjected to cyclic load. . Materials and structures, 43, 529-542.

Yu-Chuan Kao, Chien-Kuo Chiu, Takao Ueda, Yu-Jou Juan » (2018) » Experimental
Investigation on Mechanical Properties of SBR-Modified Mortar with Fly Ash for

Patch Repair Material. Journal of Advanced Concrete Technology. No.16(8)
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Stk A-12 REBRET M LE

No. AR | e | FERE | XPERE | 24 uA | EEEK

PR AR | e £ (mm) (MPa) (MPa)
1 | B%A3 | He 200 0.111 3400 245 x 10°
2 | BRAT | e 300 0.163 3400 245 x 10°
3 | dwAaE | Ee 400 0.222 3400 245 x 10°
4 | BwARY | Ew 600 0.333 3400 245 x 10°
5 | ¢sEMEE | He 300 0.165 2900 3.90 x 10°
6 | "M | Hw 300 0.163 2400 4.40 x 103
70| ¢ P He 340 0.185 2400 4.40 x 10°
8§ | ¢ KA | Hwe 400 0.217 2400 4.40 x 10°
9 | ML | Hw 300 0.143 1900 5.40 x 10°
10 | BE24] | Hw 300 0.143 1900 6.40 x 10°
11 | $#EE | He 400 0.190 1900 6.40 x 10°
12 | 3%A3 | Ew 200 0.111 2900 245 x 10°
13 | 3wkl | #w 300 0.163 2900 245 x 10°

(FHR &iR:p A2 A5 ¢ > 2018)
tE A-13 RBAFE R
No. | M air 625 R EIER Il
(mm) (MPa) (MPa)

1 B 5 B 1.0~12+15+2.0 2400 1.67 x 10°

2 i RER | 12~2.0 1500 2.85 x 10°

3 B S 12+2.0-4.0 1200 4.50 x 10°

(FR KF:p A2 A5 ¢ > 2018)
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d - 14 B AREST RE BaRPE

L b1 Rt EEG S
B i Ay .
ST AR 1.5 MPa 12+ JIS A 6909
HAE B
F 4 BR 29 MPa 17 } JISK 7161
pe AR —
] Hd R 39 MPa 2} JISK 7171
& At —
P4 iR 9.8 MPa 1/ } JIS A 6850
(FHR &R:p 22 A5 ¢ > 2018)
A oA 15 R A AR AR
kL I BB P E
B4 ERRR 55 MPa JISK 7181
R R R4 E M R 3.5 x 10°MPa JISK 7181
RN FAwR 29 MPa JISK 7181
P4 R 25 MPa JIS K 6850

(FH&R:p 22 A5 ¢ > 2018)
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FL A2 4p 31 (ACL 546.3R-06)(% KR 522 § ¢ > 2006)
Apal A BREL BT RRZ2EER DB EF DB £
1. R4 44 (concrete replacement) @ &R E B34 > w @ A% o
2. Avdf H(overlays) ik 5 R A RE e
3. B M A (crackrepairs) © R HEAR T HETREE B RBEFIEE A
2O~
4. % w # 4 (surface sealers)% (traffic-bearing elastomeric coatings) @ &K 2 F 3t
FBEM LN
5. Fum it % & (anti-carbonation coatings) : & = ¥ L B AF ATl m A HF o
6. 4v 4 55 41 % & (reinforcing steel coatings) ~ P 32 ™ & F5 #&(galvanic anodes)
A+ 4B # (bonding agents) ~ 3[4 % &b #|(pore blockers) 2 # & ¥ 4v ;%

B2 FaFr A E AR R P A A o

F o E A B P AR 3 R R Bk NN R 2k & el 0
TR BA AT e WA~ 4 B F ¥ %% 1 4 (constructability
characterisitics) ~ % ¥ |4 57 (aesthetic properris) ~ #f A {25 2 it 5 & & % > 325 2
ot F A= 16 FTor o i T AR e B en b A KR R 2 (portland-cement
replacement concrete) o % & * AL~ F A F ~ CIEPHAL R F ORI RR
I R E s R ﬁ“zx/;ﬁ%mﬂﬁﬁp% P BT o PR R e A N -
LT o

EH R RT3
L FEALHEBHEFEE B h PALS 3T P AR 2R B2 A

RF ey (Y2 Bk E o

2. F@E Ry gk T

3. R GA MR BTRE

4, AT AP R B EFR o
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Hd AN-16 CERKIRRES BRI AR E

Description Test method Typical value Recommended | Recommended
value* test
3.2-Volume
stability
No; curing and
comparator
. readin,
0.02 percent Less  negative regimegns not
Length change ASTM C157 (expansion) to -0.05 than (-0.05 representative of
- concrete . percent) ..
percent (shrinkage) : field conditions
(shrinkage) .
of repair mortars
and concretes.
Drying
shrinkage - | ASTM C596 0.05 to 0.15 percent <0.10 percent Yes
mortar™®
Restral.ned ASTM C806 0.06 percent Refer to 3.2 Yes
expansion
ASTM C469 1,900,000 to 5,500,000 Yes
3.3.2-Modulus psi (6.8 to 38 GPa) Refer 0 3.3.3
of elasticity ASTM C 580 300,000 to 3,000,000 Yes
psi (2.1 to 21 GPa)
0.000014/°F
ASTM C531 (0.000025/°C) Yes
0.000014/°F
zxijn:lzirmal ASTMD696 1 000025/°C) Refert0333 | 1
USACE CRD-C | 0.000006/°F Yes
39 (0.0000108/°C)
ASTM C884 Qualitative test Yes
0.000000001/psi
334-Creep | OTMESIZ 6 000000007/K Pa) Refert0334 | 1
ASTM C1181 — Yes
3.3.5-Bond
strength
ASTM C882 No; results are
I day-400 to 1000 psi Committee 546 highly
(2.8 t0 6.9 MPa) does not have a dependent  on
Slant shear 7 days - 1000 to 1800 recommended compressive
bond ASTM C1042 psi (6.9 to 12 MPa) value for this strength of
28 days - 2000 to 3000 tost. substrate  and
psi (14 to 21 MPa) roughness of
bonding surface.
ASTM C1404 1 day - 70 to 150 psi Yes
CSA A23.2-6B | (0.48 to 1.0 MPa) Yes
Direct tensile | ASTM C1583 7 days — 150 to 250 psi Yes
bond (1.0 ?t,o 1.7 MPa) P Refert03.3.5
ICRI 210.3 28 days - 250 to 300 psi Yes
(1.7t0 2.1 MPa)
Direct  shear MDOT 1 day - 150 to 300 psi | Committee 546 | No, test
bond (1.0 to 2.1 MPa) does not have a | apparatus  not
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SHeR N R ApRE 2 }Ek?‘rﬁ“ P
R R
Description Test method Typical value ecommended ecommended
value* test
7 days - 300 to 400 psi | recommended | commonly
(2.1t0 2.8 MPa) value for this | available and
28 days - 400 to 600 psi | test. test not
(2.8 to 4.1 MPa) commonly
performed.
28 days - 3000 to 10,000
3.6- ASTM C39 Y
éjrspressive psi (21 to 70 MPa) Similar to ©
28 days -4000to 12,000 | substrate
trength ASTM C1 ’ Y
Steng STMCI09 | G (28 to 85 MPa) e
ASTM C307 — — Yes
- - -
ASTM C496 411(2)01\;(; ;800 psi (2.8 to M;IO)O psi (2.8 Yes
3.3.7-Tensile 2 a -
p Committee 546
strength . .
USACE CRD-C | 200 to 600 psi (1.4 to | > 400 psi (2.8 | does not have a
164 4.1 MPa) MPa) recommendation
for this test.
ASTM C78 28 days - 1200 psi (8.3 Yes
MPa) Committee 546
ommittee
28 days - 500 to 1200
ASTM C293 . Y
3.3.8-Flexural psi(34 1083 Mpa) | doesnothavea ) Yes
trength 28 days - 1500 psi (10 | ‘ccommended
SIeng ASTM (348 ays - pst (101 lue for this | Yes
MPa)
7 days - 2400 psi (17| "
ASTM Y
S C580 MPa) es
3.6.1-
R651s.tance to ASTM C666 28 days - 80 to 100 DF - 80 DF Yes
freezing  and at 300 cycles
thawing”
28 days - 0 to 5 visual
ASTM C672 rating at 50 to 300 <2 Yes
cycles
chhng ASTM  C672 Committee 546
resistance ) does not have a
modified by
recommended | Yes
ICRI alue for thi
320.9R value for this
test.
3.6.2-
Permeability
0.42 percent at 0.5 in. Committee 546
(13 mm) does not have a
) AASHTO T259 . recommended | Yes
90-day ponding 0.15 percent at 1.0 in. .
value for this
(25 mm)
test.
ASTM C1543 NO
Rapid chloride | AASHTO T277 | 28 days - 4000 to 5000 4000 C* Yes
permeability ASTM C1202 C Yes
Absorpti
So.rp on . ASTM Co642 4 to 6 percent <6 percent Yes
after immersion
Volume of | ASTM C642 5 to 12 percent <12 percent Committee 546
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resistance

Procedure A

0.008 to 0.2 in. (0.2 to
5.1 mm) at 60 min.

Refer to 3.6.5

Description Test method Typical value Recommended | Recommended
value* test
permeable pore does not have a
space recommendation
for this test.
ASTM C227 Refer to 3.6.3 <0.1 percent Yes
ASTM C1260 Refer to 3.6.3 <0.1 percent Yes
ASTM C1293 Refer to 3.6.3 <0.1 percent Yes
3.6.3-Alkali- No; may not
aggregate reliably predict
reaction ASTM C289 Refer to 3.6.3 Refer to 3.6.3 aggregate
reactivity in
concrete.
ASTM C295 Refer 3.6.3 Refer to 3.6.3 Yes
0.004 to 0.1 in. (O.1 to
3.6.5-Abrasion | ASTM  C779 | 2.5 mm) at 30 min.

Refer to 3.6.5

3.6.6-Sulfate
resistance

ASTM CI012

0 to 0.2 percent

<0.1 percent

Yes
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Modification to basic
portland-cement
concrete

Effects on properties

Various hydraulic cements
(slag cement is discussed
separately below)

Reduce heat of hydration; reduce set time; increase early strength;
reduced drying shrinkage; expansive or shrinkage compensating;
improve sulfate resistance.

Chemical admixtures

Air-entraining

Improved workability; improved durability in freezing-and-thawing,
deicing, sulfate, and alkali-reactive environments; reduced compressive
strength

Accelerating

Accelerated set and early-strength development; increased creep and
drying shrinkage.

Water-reducing, mid-range
water-reducing

Reduce water content at least 5 percent (5 to 10 percent for mid-range);
reduced permeability; increased strength.

Water-reducing and set-
retarding

Reduce water content at least 5 percent and delay set time;reduced
permeability, increased strength.

High-range water-reducing

Reduce water content by at least 12 to 40 percent, increase slump,
decrease placing time, and increase flowability; reduced permeability;
increased strength.

Flowing concrete

Slump greater than 7-1/2 in. (190 mm) while maintaining cohesive
nature (ASTM C1017); reduced permeability.

Self-consolidating

Reduced construction time and labor; improved formed surface finish;

concrete increased strength, shrinkage, and creep; reduced permeability and
improved durability
Very high early strength Reduced set/working time; Strategic Highway Research Program

(SHRP) SHRP-C-363 defines very high-early strength material as 2000
psi (13.8 MPa) minimum compressive strength 6 hours after mixing;
durability factor of 80 percent after 300 freezing-and-thawing cycles in
accordance with ASTM C666, Procedure A.

Extended set control

Used to stop or severely retard cement hydration process.

Shrinkage-reducing

Increased set time; reduce drying shrinkage by 30 to 50 percent;
reduced strength, thermal cracking, and slab curling; increased
susceptibility to freezing-and-thawing deterioration.

Corrosion-inhibiting

Significantly reduce rate of steel corrosion and extend time of onset of
corrosion; reduced or increased compressive strength; may
distort results of ASTM C1202 and AASHTO T277.

Lithium

May affect set/working time; minimize deleterious expansion from
alkali-silica reaction.

Permeability-reducing: For
hydrostatic conditions.

Reduced permeability, increased resistance to water penetration under
pressure;

Can affect finishing properties, consistency, compressive strength,
freezing-and-thawing resistance, and shrinkage.

Bonding

Increased bond, tensile, and flexural strength; decreased compressive
strength; latex may cause excessive entrained air; some polymers may
decompose and sofn in the presence of moisture.

Rheology- and viscosity-
modi-fying,; Anti-washout

Increased cohesiveness; reduced segregation and bleeding: used as
pumping aid, for concrete to be pumped underwater; reduced loss of
cementitious material due to washout.

Supplementary
cementitious materials
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Modification to basic
portland-cement
concrete

Effects on properties

Fly ash

Reduced water demand; reduction in portland cement; increased air-
entraining admixture demand; improved workability; slower rate of
reaction; reduced permeability and alkali-aggregate reactivity;
improved sulfate resistance; discoloration of concrete.

Silica fume

Increased water demand; increased air-entraining admixture demand;
decreased workability;increased cohesiveness, reduced bleeding:
increased plastic shrinkage cracking; darker color; increased
compressive and bond strength; increased electrical resistivity; reduced
permeability; increased resistance to alkali-silica reaction; sulfate and
chemical attack; increased abrasion resistance.

Natural pozzolans

Improved workability and finishing; reduction in portland cement;
increased cohesiveness; increased set time; reduced permeability,
increased strength at later ages; improved resistance to alkali-silica
reaction in minimum dosages; too little natural pozzolan may actually
increase detrimental effects of alkali-silica reaction; improved
resistance to sulfate attack

Slag cement

Improved workability; increased set time; reduced early rate of heat
generation; reduced strength at early ages; increased strength at later
ages;lighter in color, reduced permeability and potential expansion due
to alkali-silica reaction; improved sulfate resistance.

Polymer modifiers

Excessive amounts of entrained air unless antifoam agent is used;
improved workability, increased set time, increased tendency for plastic
shrinkage cracking; lower compressive strength; increased bond and
tensile strength; reduced permeability, improved resistance to freezing
and thawing; may improve impact strength and abrasion resistance.

Fiber reinforcement

Steel fibers

Reduced slump and workability; tendency for fibers to ball; increased
number of smaller-width shrinkage cracks; improved post-cracking
ductility; increased compressive, direct tension, shear and torsion,
flexural, and flexural fatigue strength; improved toughness and
resistance to flexural impact loading.

Synthetic fibers

Reduced workability; reduced average width of shrinkage cracks;
improved post-cracking ductility; improved resistance to impact,
fatigue strength, and flexural toughness.

Polymer concrete

Increased safety concerns during construction; typically less contractor
familiarity with materials and installation procedures, reduced cum
time; reduced weight; increased tensile, flexural, compressive, and
bond strengths; reduced modulus of elasticity, increased coefficient of
thermal expansion; reduced permeability; improved chemical
resistance.

Portland-cement mortar

Increased drying shrinkage; may be modified by substituting various
hydraulic cements or polymers; or including chemical mineral
admixtures, polymer modifiers, slag cement and fiber reinforcement, or
both; effects on properties are similar to these discussed to concrete
above.
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B g ?%ﬁ”:f% 51(ACI 546R-14)(% B 22 & ¢ > 2014)

Mgl R ERAL BT LM T s BT R ER R EL 2
Ap gt it 2. ACIS63-18 > 3%4p 51 & -G m enig 48 J2 - SEM5F 5 B R 7 1Y
ik

MR B P2 2 e BB h  BAR B R w1 v B PR EE

LiFRA L F BT AR -5 A o A A S ﬂﬁiﬁ%ﬁﬁ’%é

FER A & Uik £ & FlF > @AY 7 7 BURARTIR AL AP AT A M R R

ARG R ST RS o - AR N daaE s B Rk

%%%A48%ﬁoﬂﬁiﬁﬁﬁ’ﬁfkﬁéﬁmﬁ%%ﬁaaﬁ@’?jﬁ
kG LT A G AR AT 0 B uf R R R 2 A ensE Al G M AR e
P F ¢ 45 7f ) (abrasive blasting) ~ 3R #>7F # (shot-blasting) ~ ¥ -k (water blasting)

% jri%(cleaning) » 4ofit & ~- 19 #177 o

STHEES S P L e R LEEC G S A IR R
ErARPE S oo A AT ETE T OHE A S BAE R RR bt

PEFERRAIIZT > BGAM - FEE PG ER L BRI SRV
BizHEE ~ o B A F KRR (PPCC polymer-portland-cement concrete) £ 3
BrAAEGMEN AR AU g EFR SR §F A ERBUE T E MBS

Moo fRm Hw Jf3 7-30°C PR B2 £ > 30 A 4ap = iR B2 4F > AT 2
B L R ik e vt FI G B S RROR S M F]p b A
phrer fr £ MR RS R Y R o F 4 T R 28 (polymer concrete and mortar)
Prdp et 2bd SRR ’]\”"7 Hd 3 AF TS Ry AT B 2 - e
TR EE BRI FRRRA B TN A S &

B>
o
fra
|
|5
Sy
o)
AN
‘mﬂ

BARS UL R 0 MUBOK 0 & SNIRGE A BT (] ¥ 20mm) - XA 0 BIRE S

B4R AR R P RIS -
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Category

Features

Considerations/limitations

Water-jet cutting

(uses perimeter cuts to
remove large pieces of
concrete)

a) High-pressure water jet without

abrasives

b) Applicable for making cutouts
through slabs, decks, and other thin

concrete members
¢) Cuts irregular and curved shapes

d) Makes cutouts without overcutting

corners
e) Cuts
surfaces

flush  with

f) No heat, vibration, or dust is

produced

¢) Handling of debris is efficient

because bulk of
concrete is removed in large pieces

intersecting

a) Cutouts for removal limited to
thin sections

b) Cutting is typically slower and
more costly than diamond

blade sawing

¢) Moderate levels of noise may be
produced

d) Controlling flow of waste water
may be required

e) Additional safety precautions
are required due to the high

water pressure produced by the
system

f) Does not cut reinforcing steel

Saw cutting (applicable
for making cutouts
through slabs, decks,
and other thin concrete
members)

a) Makes precision cuts
b) No vibration is produced

c)Handling of debris is efficient

because bulk of
concrete is removed in large pieces

a) Cutouts for removal limited to
thin sections

b) Performance is affected by type
of diamonds and the
diamond-to-metal bond in blade
segments (segment selection is
based on aggregate hardness)

¢) The higher the percentage of
steel reinforcement in cuts, the
slower and more costly the cutting
d) The harder the aggregate, the
slower and more costly the

cutting

e) Controlling flow of waste water
may be required

Diamond wire cutting
(applicable for cutting
large, thick pieces of
concrete)

a) The diamond wire chain can be any

length
b) No dust or vibration is produced

¢) Large blocks of concrete can be
lifted out by a crane or other

mechanical methods

d) The cutting operation can be

efficient in any direction

a) The cutting chain must be
continuous

b) Access to drill holes through the
concrete must be available

or access around the full section of
the structure if the full

section is to be cut

¢) Water must be available to the
chain

d) Controlling the flow of waste
water may be required

e) The harder the aggregate or
concrete, and the higher the
percentage of steel, the slower and
more costly the cutting

f) Performance is affected by the
quality, type, and number of
diamonds as well as the diamond-
to-metal bond in the chain.

Mechanical  shearing

a) Steel reinforcement can be cut

a) Limited to thin sections where
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Category

Features

Considerations/limitations

(applicable for making
cutouts through slabs,
decks, and other thin
concrete members)

b)Limited noise and vibration are
produced

c)Handling of debris is efficient
because bulk of concrete is removed
in large pieces

an edge is available or a hole

can be made to start the cut

b) Exposed reinforcing steel is
damaged beyond reuse

¢) Remaining concrete is damaged
d) Extremely rugged profile is
produced at the cut edge

e) Ragged feather edges remain
after removal

Stitch drilling
(applicable for making
cutouts through
concrete members

where access to only
one face is feasible)

a) Handling of debris is more efficient
because bulk of concrete is removed
in large pieces

a) Rotary-percussion drilling is
more expedient and economical
than diamond core drilling;
however, it may result in more
damage to the concrete that
remains, especially at the point of
exit from the concrete

b) Depth of cuts is dependent on
accuracy of drilling equipment

in maintaining overlap between
holes with depth and

diameter of the boreholes drilled.
The deeper the cut, the

greater borehole diameter required
to maintain overlap between
adjacent holes and the greater the
cost

c¢) Uncut portions between
adjacent boreholes will hamper or
prevent the removal

d) Cutting reinforced concrete
increases the cutting time and
increases the cost. Aggregate
toughness for percussion drilling
and aggregate hardness for
diamond coring will affect cutting
cost and rate.

e) Personnel must wear hearing
protection due to high noise
levels.

Impacting (uses
repeated striking of the
surface with a mass to
fracture and spall the
concrete)

a) Hand-held breakers

b) Applicable for limited volumes of
concrete removal

c) Applicable where blow energy
must be limited

d) Widely available commercially

e) Can be used in areas of limited

a) Performance is a function of
concrete soundness and aggregate

toughness

b) Significant loss of productivity
occurs when breaking action

is other than downward

¢) Removal boundaries will likely

work space require saw cutting to avoid
f) Produces relatively small and | feathered edges
easily handled debris d) Concrete that remains may be
damaged (micro cracking)
e) Produces high levels of noise,
dust, and vibration
Boom-mounted ayCan be used for vertical and | a) Blow energy delivered to the
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Category

Features

Considerations/limitations

breakers (appli- cable
for full-depth removal

of slabs, decks, and
other thin concrete
members and  for

surface removal from
more massive concrete
structures)

overhead surfaces
b) Widely available commercially
¢) Produces easily handled debris

concrete may have to

be limited to protect the structure
being repaired and the
surrounding  structures
damage

from

b) Performance is a function of
concrete soundness and aggregate

toughness

¢) Damages remaining concrete

d) Damages reinforcing steel

e) Produces feathered edges

f) Produces high level of noise and
dust
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Category Features Considerations/limitations
Abrasive blasting- | a) Efficient method for roughening | a) Dry sandblasting procedure
Sandblasting the surface and exposing produces large volumes of
(dry/wet) aggregate dust

(uses equipment that
propels an abra-size
medium  at  high
velocity at the
concrete to abrade the
surface)

b) Cleans reinforcing steel
¢) Removes surface contamination

b) Wet sandblasting is slow

Low-pressure ~ water
blasting

(with abrasives)

a) Selectively defective

concrete

removes

b) Precise control of removal process

c¢) Cleans reinforcing steel while
removing concrete

d) Produces minimal damage to
remaining concrete

e) Produces no heat or dust

f) Abrasives enable jet to cut steel
reinforcement and hard aggregates

a) High initial investment

b) Additional protection and
safety procedures may be
required due to water pressure

flow  of
contaminated waste water may
be required

c)  Controlling

Abrasive
Shot Blasting

blasting-

a) Efficient method for roughening the
surface and exposing aggregate

b) Low dust emissions
¢) Removes surface contaminants

d) Controlled depth of concrete
removal

e) Readily available commercially

a) Large units may produce high
noise levels
b) High
requirements

voltage  power

Chemical cleaning

a) Application of chemicals to remove
dirt and contaminants from surface

b) Additional surface preparation may
be neces-sary to remove cleaning
chemical residue

c¢) Follow cleaning chemical
manufacturer's recommendations

d) Follow coating manufacturer's
instructions

a) Additional surface preparation
may be necessary

b) May not be effective in
removing all contaminants

C) May have strong chemical
odor

d) Protection of adjacent area
necessary

Acid etching

a) Effective in removing cement-
based materials

b) Increases porosity of concrete
surface

a) Protective
necessary

clothing s

b) Large amounts of water
necessary

c) May permanently stain

concrete
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Features

Considerations/limitations

d) Protection of adjacent area
necessary

e) May contaminate and damage
remaining concrete surface

Low-pressure  water
cleaning (without
abrasives)

a) Effectively removes surface
contaminants without chemical
residue

b) Minimal protection of adjacent
areas necessary

a) Control of large amounts of
water

b) Removal of small amounts of
concrete may be noticeable
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