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Effects of Concrete Strength and Steel Ratio on Reinforced Concrete
Beams Strengthened with External Steel Plate

2LEE Helgr
Ohr, Yong-Bok, Chung, II-Young

ABSTRACT

The aim of this study is to verify the effects of concrete strength and steel ratio on
cracked R/C beams strengthened with external steel plate. In this experiment, cracks of
R/C beams are simulated by notches. Regression expressions between plate-steel ratio
and ultimate strength of R/C beams externally strengthened are obtained through test
results. From ultimate strength and ductility points of view, the structural behaviors of
R/C beams strengthened with external steel plate were also studied. Composite action
between external steel plate and R/C beam were attained by ultimate strength. Empirical
expression of flexural rigidity of cracked R/C beams externally strengthened were proposed
through regression analysis of test results.

Keywords ' notch, steel ratio, plate-steel ratio, concrete strength, composite action,
flexural rigidity
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Table 1 Details of test beams

specimens | concrete strength internal bar external plate
specified | test | Py | A | P/PR] T Lo | 07 P

CONT 210 ) 240 10024 12-D10| 020 - -
G1-8 210 1 240 | 0.024 12-D10| 0.20 | 3.0 20 | 082
G2-CON-15 150 | 223 | 0.023 |2-D10| 021 | 3.0 20 | 08
WON-2T| 270 | 271 0027 [2-D10) 0.17 | 30 20 1053
ON-30] 300 | 295 | 0029 [2-D10| 0.16 | 3.0 20 | 068
GZ-CON-40| 400 | 417 {1 0.034 [2-D13) 025 | 30 20 | 069
(2-8R-39 | 210 | 240 | 0.024 [2-DI13] 0.35 | 3.0 20 1 098
G2-3R-61 | 210 | 240 | 0024 | 2-DI6) 055 | 30 20 | LI
G2-SR-88 | 210 | 240 [ 0024 |2-D19) 080 | 30 2.0 142

E
*plate-steel ratio p, = (A, + ;&Ap) / bd
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Table 2 Mix design and compressive strength of concrete

spec ) compressive deter | Eelk
- mixtures(kg) slum ) ,
ified strength(kg/cm?) minedjg/em
P T [ 90127 142 stren |
fem!

ngth|(%){ent | ter|nd |egatelsture dlda|d|d]|d]|sgh|W

stre fw/clcem| wa|sa {aggr jadmi

150 |75.01 227 1701681 [1265) - |180] - |223| - | - | - 122022
2100 [52.21 331 1501957 901 | 3.32(154]223| - |240] - [242] 240 2.3
270 |65.0) 31912077701 974 | - [M9) - | - (27 - - | 270 |25
300 6001 376 2267631 920 | - T8 - - 1203|2050 - | 300 |26

400 {5001 396 [19816921 1039 - |60 47 - - - 400 (3.0

alUIi'LMiA 1 258 30T, $5E 40%°)1, A%
Mola Bl e A9 LRE 20T, FEE 60%9.e
l e TAL FHUY T 9rioA FAsks T

2323 79 4
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S8400(Fy=2.4t/cm*) &2 Table 33 Table 4%}
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i

Table 3 Properties of bar reinforcement

Dia. | vield strengthikg/em2) | tensile strengthtke/em2} [elastic modulus(ky/em2)
D] 3,925 5229 1,95 % 10
D10 4,366 7113

D13 4,291 6,511 1,75 x 100
D16 4,749 6,432 1,96 % 10¢
D19 3.833 6,272 2,04 100

Table 4 Properties of plate reinforcement

plate yield tensile elastic
thickness | strength(kg/cm™) {strength(kg/cm’} | modulus(kg/cm?)

3mm 2.276 3,492 212X 10

2.3.3 of| ZEA] H Ak
2 2gle] A9l oI FAFY & ol EA], Zt

Table 5 Epoxy

i tensile |compressive! flexural tensile shear| compressive
o specific
Use for| Type p ) strepgth| strengthke/ strength|  strength elastic
gravity o , ) ,
kglem’ Sl kenr | kg/om [medulus kg/om

Injection| EPX-3CWHLITH005] 160 | 7002 | 320+ 120< 10,000

Gluein | EPX-3W JLITE0.00) 204 | 0= ) 400+ 1< 10,000¢
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Table 6 Test results and deformation characteristics

first crack | max. load|deflection| crack space(cm) | toughness(t-mm)

specimens -
specime load(ton) | {ton) {cm) A |AAcont| B B/Beont

CONT 1.0 4125 | 6068 | 77 10 11974 1.0

GI-§ 3.5 10.25 71 100 | 130 | 473 | 024

G2-CON-15| 80 9.0 79 126 | 164 6151 | 031

G2-CON-27| 39 10.75 74 92 | 119 | 771 0.39

G2-CON-30; 32 9.75 59 127 | 165 | 313 | 016

G2-CON-40} 34 8.5 404 96 | 125 | 204 | 010

G2-5R-39 | 9.1 9.625 6.1 93 | 121 | 310 | 016

G2-SR61 | 101 10125} 332 | 125 | 162 | 3219 | 163

G2-SR88 | 6.1 1125 | 235 | 109 | 142 {13137 | 1.59

Table 7 Strength characteristics and failure modes

first crack load{ton) max. load (ton)
Exp. A|Theo. B| 4/B| A/D|Exp. C|Theo. D| C/I}} C/Ceont

specimens failure modes

CONT | 10 | 117 |0.85(0.27 413 | 365 [1.13] 10 flexure

GI-S | 35 | 117 1299(0.39/10.25| 894 |1.15| 248 | flexure/shear

G2-CON-15 8.0 | 1.12 |[7.14/091| 9.0 | 883 [1.02] 2.18 1" flexure/shear

G2-CON-27| 39 | 1.24 13.15/0.43[10.75] 9.06 {1.19] 2.61 |" flexure/shear

G2-CON-301 3.2 | 1.31 |244(0.35) 9.75 | 9.09 |1.07] 236 1" flexure/shear

G2-CON-40| 34 | 1.51 |563)0.28] 85 | 12.11{0.70] 2.06 | flexure/shear

G2-SR-39| 9.1 | 1.17 |7.78/0.83] 9.63 | 11.03|0.87| 2.33 |~ flexure;shear

G2-SR-61 | 10.1 | 1.17 |863]0.75{10.13| 1351 [0.75| 2.45 |~ flexure/shear

G2SR-88 1 6.1 | 1.17 [5.21{0.37111.25| 16.29 |0.69| 2.73 | flexure/shear

*

plate-glue interfacial bond faiure

168

3.1 232 E Lo E &

0\1

t& 1}

\

oN

7t W& Zr|dgatEiAl e EARE AT

< Holm 9lon} o|Fe9 J
H3le ZAYE #4271 150kg/cméol A3
300kg/cm 7t & ZA-5v vlAg ZolE Holz]
F3YE 27t 400kg/em*d 5= A3 F
Aol 718 Helch e AdAgA A3uE
EdPA NN B3 F=2Er] Ysle] 2-D
vl gk F1g mejstd o) & 79| Apel

o] Ajolell A 71Qlake Aoz ARHT &

M ow
o Tool o FI oo} r2 ook oo o

e rlr

T o
\JT:H'

% E
te
A

w B
o}n‘rm

[e]

O{No
L%

0 o

5 4
—goii

N rle o
_u_h, o
I
OW-E‘E__,

+r
il
ol
b
ok
K
X0
2
_>t:
b
o
[
e rlo

COMT —2-CON-27
- BPCON1S e GR-CON-3)
124 - Gres - 3O-CON-30

tosa (ton}

20

Mid~detlgction (s}

Fig. 3 Effects of concrete strength on the deflection of
plated beams

2) AT

Fig.de Z23YE gl i s-5-A3
WY T oMo 150kg/cm® 210kg/ecm?S) 7

ot
ooy 2oy

i=) rir

4
Ag) el 4ok Hn oo § AfAe
RES AR e A8AE o] PR o)F 2
olo] w7l @etsln ok FE7} 150ke/om?

232|EEE|X| M 9 # 5% 1997. 10



7 210kg/cm?*Q B AT GEEE o] Fo B
o] gaEgte 2 kg A F Al A %':’WLE—
7357} 150kg/cm’# 210kg/cm*?l % 2kitel

A AEE Holx gdcle] "tk FAE 7<}E7}
Z70kg/cm’°] A AdguiEael Bitde] ¥¥E
7} 10489 ue o2 AR FEUYEE 27T
T 7rde] 4l (composite action)o] #2142
22 527kE K7l Aol AEL 1Y 4 9l 2
Qo] @ o Alm¥E )

- Nt 200N
FLONE - GPCON-30
TR 32O T

7

S e e ey
R el 3 ¢

Load (ion}

e )
Reintercing bar strarm (0 o3
Fig. 4 Effects of concrete strength on the reinforcing bar
strain of plated beams

1—4

Im K or

A E ”EOﬂ ubE Bol Aekd|a] 245 24
ZFE MEEE Fighel <8l FagE Zxr
270kg,/cm“?l 7 3295 ue o|nE FTAES]
EE Co o]eh Ao B 4 Qlvh Hel Fol
2z #FaE] HMYEETE Figoo i ox
YehRA T

-

< G2OON-15 - G2-CON-30
e G108 — G2-CON-40
12] - - 6I-CON-27

toad {ton)

P VA T
Concrats strain (- 2 3}

Fig. b Effects of concrete strength on the concrete strain
of plated beams

2aze 2w Fvid wel At BE
oA kel My 72 13360, 2651, 10489,

Zzez|ssts(X| M 9 # bX 1997. 10

§
4
T
T
L 2t
o
= 1%
5 04_ »_»____Load(ton}
1
-1t 4.0
) 5.38
- §.88
-3

0 5 11 17 2
Beam depth {om)

Fig. 6 Strain distribution over the depth of beam G2-

CON-27
L]
Load: ton}
SN
o 7 e
:, 25
Rt 50
2
c 43¢
17}
-1
] 20 40 60 89 160

Distance from the end of plate [cm)
Fig. 7 Strain distribution along the steel plate of beam
G2-CON-15
2343, 4280 ue o2 ZAAfe] FHAFEE 239}
st Qo Agdes gasee] dwst 5
g2 g Al dete] gEo] gastu 9l
B 7pse] Auaayl e ol2 e Hilske
3

of x&ds e 7HeAdo] woldlth, Table 84
A8 Awlo) 3l A EMTCREEZRE A& 5
Ha&A ot ol Bgtol vl I UA|EIL ojM 7

| 2y

AR G wgo] A ol FojXm USE YA
= 9lt}, Fig. 7oy #A8E 7p5ol ubd B33
'53591 BXE Dﬂﬂfio'r vehicl 53 238
E 150kg/cm*e] 7% dl5o] Friste] iy

l clamA Z27eksolA Babmehye whashy
Qahg#o] gh&g-8 o Matslnivhs AP E B
$9lom D, A. Van Gemert"'72] 7133} 7o)
Hushe7A Bl s i Ee] $HEES Hol

m

169



%
Eaihs %ﬂ Ao 27|FdstEe Foetu F
A g opHA Bl A olg p&as)

(restraining effect)ol] thsle] dujE &+ i)™
Hhats o] Egkoll 3t wdetE A& gtel v 8ol
28-88% ol EAGtu2zY TEHAHAE 27%E B
ol51 e vlwshd el 5ol & alol=
oAk GalE] g ARG B 4 o)

2) HielF

Table 7°ll& &3 E 7bE0)] k2 el ES o]

B 4 vepideh, AEAate) o) 23k vl S
ol ZANE F=r)F 400kg/ecm*Ql A% 70%7HA] 7+

I
BN ik

slom Hsel BE e 42zl
o atshal b 2 RgEts S G 4 A A%,
BAYE PErt B85 Heg/elEatel ta
ato] 2R-YAE FAT Lot AolA Aoz
bt

3.1.3 9 we

AT E P/ P EA 0.16-0.252 FAl8ln 23
2| E Feg RN 99 BB EE Table 7o)
Aejsta 7t 9] %‘*@U-*—g fig. 140l vrehg e},

G2-CON-15¢9] 7 5ton<>l—8}°ﬂ*1 B o] gt
Bah1 8. 7tonol| A uo] RIS A AR N =
gt B EA] ol EA) g 2 Rakan] 7
 21.5cmE YEMY ripping-offr} 243},
ATEF 3 Addyrdo) Frdxle AL o
AR oA B 4= it}

G1-S& HA4%e] 5.5ton3 wollA] 82815
o] BZol 9tonollA FHE Hilwoka
19.5cm7beke] ol £A) 3 2H 2 2buly) 7}
3kaL o]l M ripping-offel]l ©§F w27} W gt

32-CON-272 H7tho] 5 OtondlA] st 3
Bk Roll A 19 5emel 7Zhk-o ZA| - 2y R
S5 Holn] QIAPH F A /K| Aekdo] WAy
€ ripping-offol] 2%t g3 7} Wk gie).

G2-CON-302 R743o] 7.0tono| kel A s}
- FA A B2 ae] 2ol 10emE Kol
W K7ksgo] gedin)

G2-CON-402 B 7o) 6.5tonelslol A gH-s}

R

20

21“

e Jm
mEE

[¢]

mEEénH
> O

A,a

¢

2

170

51 7ol %A AEW 23453 ol 5demE Hol
o HYH AR GELS BT Bo e
Bgle] 47kl 1dwe] 98} ripping-offd
A

Fig. 8el& FAel HavlE WA 2M] Pun
(=0.75 Pp)oll Ttk Bl & 24 20~80%714] ¥ atA|
71 73 5oll Bodd Beof AWAEE el a9

ool go] ®AddzH] p.7h HlE2H] Pracl] T
sto] 1.0& de ZF 5 Ao i "3y
P/ P} 617} 88%2] 72

£ ugRg el nel §
A2 S P3SN e Relx) gAw PRI
o ol21del B FYe Fleh Aol of
23 glor] #A7t gRa ol Fo AYA A%

Hol T glA ek A 2o elgh Evlehz AFES o
F ol wehd 712e] WART Yo EAd 1
HE BE o) po e >
@rlgte] Eajals o2 B 4 gk

15
e CONT eere G2-3R-81
w610 e (2-SRBR

12~ - G-SR-33

Load (lon}

Mid-deflectior {mm}
Fig. 8 Effects of steel ratio on the deflection of plated

beams
2) ¥ =
o w2 S50l 4A T MIATHAE Fig 9
of vERNGITE, J—ﬁﬂ‘a‘%}ﬁl"ﬂ e F2e) p/ Pyt

39% U= dte] #EE S (plastic plateau)el
Slol Ugo] Adleln sled stxmee sl
AetErme] Wael ofgl slgo] Yedw Htwa =

AejEXRAfe] Fatel] Zto] Slojr] Zutel HM’%HJ
2l %‘401 Aol W Enslo ks v A

oz ZzHr

oﬁ,u

E32|ESs|X| M 9 @ 5% 1997. 10



s R,
[ G2-53-51 :
38 62 SR 58 ;

Load (ton}

Reinforcing bar stramn (« w75}

Fig. 9 Effects of steel ratio on the reinforcing bar strain of
plated beams

Fig.10°14 Hoiaoejo] gk ") 0/ Pma7t
61, 88%%1 o%l: fFazE9 PEAY o) 0|23

'
i

ieag ften

-2 _’4 _‘5
Cencrate sirain {- #73)
Fig. 10 Effects of steel of ratio on the concrete strain of
plated beams

- G1-8 - G2-5R-51
...... 62-5R~1¢ - G2-SR-38

Load iton)

Piate strain {x 2%}

Fig. 11 Effects of steel ratio on the plate strain of plated
beams

Z3e|E8EX] M 9 & BE 1997. 10

Fig. 11oA & d2u]el] wg B Sl Bits
o] HY=RI7}F AN A 2369~2994 neel] B3
s slodl of G Aae GRudns taa

O

= oT HAe] RE AL EEE Aoz B
F Slv Fig.l3°ﬂ"1%“% Hlof 1 BFHHE
¥z DA Van Gemert] A2 ape}l ol
ATrE RS o3 it
5
4
<
= Load(ton)
&
5.0
5.5
78
10.6
-3
9 § 12 FA

it
Beam depth {cn)

Fig. 12 Strain distribution over the depth of beam G2-
SR-88

Strain (= 1973

¢ 20 L] 6% B0 100
Distance trom the sad ol plate (cn)

Fig. 13 Strain distribution over the depth of beam G2-
SR-88

3.2.2 4=54

1) &714gskE

PAlel BENt ¥e4% 2FEHFE WA
tehhs 2% Table 6914 & % glov Husts
ol ggkell tha Z71FASE kel VR Az
3% M 27%% Holx HEAHA N vde e
4he Bol T T}, W7}
& 2 ¥ URs| TUR B0 Byl Sp

Gt Aol el R el Aew AR

S
ko

171



2) Afetz

AERe ol Bgtel Rt vlge] B2u] P/ Pl
WEARE FHOE ol w glojr] Bow|7}
5% waue gl og 27 WAt
& welth weby Avhstzol ol £gtolste A
sfelAlere BpEEm el @A ko] EATE

3233 RE

ARAA G Ao ZaE9 HAZdE A
P B AFE3IAL o]o)] Theh A1) B8 = P/ P
2 ehfo] 22-88% 714 AlgElont AlgAdd
I ZAYE vt ¥lalgho g Aanrt 23
Aot e AAH P/ Pmet 20, 35, 55, 80%
& IS 3 oluwe] HH T EE Table 79 2]l
LAY BHE Fig 1490 JeERAATT.

I

r—l

. ' ; -]

(a)

Y ‘ Y. N- !
NS AL

|
Y.

- h 4

, T Giz-sA61
. o
S I WA JAWS) s

Fig. 14 Crack patterns of plated beams

G2-SR-39%= AAIHIM35% 24 6 5tone] sl
A Bl B wpRsl Ao
eatol 9ol FA R 2w F 2 dol§ GemE e
debath FEA RGO RN Ay AdFdol
el e A 2 5 g

G2-SR-612 B0l 5.0tonolA dHastn &
2ol 8.0tonol A FEE F wdBTRel N 244
o]

oAy

2 B & (encapsulation effect)E #43| S5
W Fde] B, ar) Al s olokgict,

G2-SR-88& Al HE Y] 80% 2 A1 H7wol
7.5tonolstellA] gHadta BAdeRo A ripping-

ol

of 7} A gt} B 7kgko] gekgl o] 5o AT EL
(= Z2Ag|EX

SHEaha) sl A olu) gEshne
RN SHEETe] H2FS B 4 9l o] EAF

A o apshal £ e ek,

Babgehre] 3 aEelA sl dodle s
e FARGEH e 2AE Jrd mel &
sl e ZaEe] JErt ke )
e getor o] AYEY A gIln
EE HJth & dge 4% shyrre wshe
270kg/em*E 71 0.2 gtk Fig. 1500 xFofl &
AelEe] g vehl 1 y&ele Hdhe oj2gk

o RANNG Ahi & e 22
7 270kg/em'e) 27441 HopH o] Z7bely]
Frele Aol Astste] 300kg/cmo] el
A ol @ gtelshi A akaiet.

ich

{
|

Normal i26d maximam strength

0 1 . .3
Concrets strength itonfem}

Fig. 16 Variation of maximum strength due to plated
beam concrete strength

A@AFo| A FARE vt G & s
o] B}y slgo] Tl E FAHOEA W] gEalx]
Lesh Ag4Hel A%S Holw FAE vl
SV S WAkvke] e} H.aghel M Husls
o ol2: glolA] 1 v Btwgeke] st e
ofFlt}, FAYE ZE 400kg/cmiolAle o=

Z232|ESEX| M 9 # 5% 1997. 10



o] E#kel T0%°lA W] Aetrb waista wEw
BEge g shelnsel Wl § Age] Walr)
SE SRR Bt el b4l vk
S

4.2 BZHE2H| 9 &|CHLHE

o Fu el WAL LIS ol §3te] W2
M e AR A el o JEsh oy
Sl A3 BAEE suek) Ae gl

Z1
EAS BAAUCNN B Hh R o

thated 1.05, Zest 948 Bl sk 0.89)
e e Ao g Aoty &
P ] Prus 5 0.8 (0

RAPATN] 1,05 Py 0lthe] HA1A Heldmsh
M BAE AR AT Fig 167 7ol
7yl the Tt 2 e 4 AT

My = 2.6M Pyt (2)
o] 7)ol A
A o] &

ML A AT 2% A m
Mo A Ao BRle

215 2(2)e]] gl
MLK[? S 7 27M(unl (3)

mix nax

9 Aol & & glo] g HaH Al 1
AFEoha REEAgAe] ol
olat FwAel WAENE Hud 4

)

LHHMW el FuldlM HYsEer

=

Do
=
= oX
- i
o

3 T - )
=
=
2 i
5 |
i
: |
H ;
R v 2H 6 r kg ‘
|
£ |
=3 H
2 : H
s
i
bl 2 A 5 8 1
P

Fig. 16 Relationship between plate-steel ratio and
maximum strength of plate beams

232 E8S|X| M 9 A 5% 1997. 10

4.3 gaarg

gAY o wss 4% Aaae) du,
WA, AP NFe Deleke] A w

ol g Aol fAHES dlokdth " WA
Al gEngde vel AR Gdagol o2
oA Aor vhgete] dAlahy laatde] Wiy

g o] FARA] A A MHELRETE Balo] Ry
T o] s AEA] G & go] o] Foial AL 2zt
o] ol oAl Be] i3l 2eE WElw
A= L}E}LHL age 2RE] {34 (compatibil-
ity)d Z7h e A slr) dhaalx g A 22

4 A58 Fato] Sleleit

iz

135 daEanE Bl g e ¢
B e 2R A shEH s, Ay e, B
e T xR Fole) wheh deprich oo}

Ht 7hE gholl A #"501 J*ﬁf& o| %2}

7.‘

e
N
L
o
i
i
s18]
ot
o
ox
o
?;
=
™
o
ie}
{
o)
},
—?L
4L
o
o
)

How wpd AoEads nel @ 4y
Robertse] #ez Alitslel A8 zite) v)wmsh
Table 501]*19—} to] AA e} AlrbAdeE 2o 2

Helm gl e E rladshs wyoaa A

CRSRIE R fltHLH ol AR T F A
shAl ol ohl Belt Al o) AAR Astew
2 % Sl

=

R. Jones et. al.2 a7} 3alo] aside]el]A
dRPAe R sk A9 5 gYo) gelAge
ol A s Adet 2 A A% Axt
= i{o}‘”“’/] upeba] o] BElx| gk A9l
Aol Bl M FACE Ko & 7hge
Atk Roberts®] W& 32 &elokgict 2 =
Tl e @A A 2AWHAE 5 KR7twc
I ghete] kAl ebR] gk

ol ona

o}L o\

dar

,-c

s melgh o] A skt
file] AL Fig 173 7o)
FFEM st A& Hulol glsled Robertse] A
& rAdslen 1 d3E Table 8ol A Uehh
S,

N

-ﬂb(é—b~—+EA(h )+de(

Prpp

¢y -061) (4)

mud:/ml

173



Table 8 Experimental and theoretical rigidity before and
after cracking (X 10%g.cm®)

) Exp. Theo. Exp./Theo.
specmens Ty i P G |modified. H D/FIE/GlE/H
CONT | 008 [ 020 | 359 | 081 - 002 ] 0241 -
Gl-S P64 | 167 | 472 | 309 1.49 119 | 054 | 112
G2-CON-13[ 218 | 157 | 439 | 304 146 050 [ 052 | 1R
G0N 27 222 [ 053 | 505 | 315 152 oad ot -
G2-CON-300 229 1 140 | 505 | 320 155 045 044 | 090
(200N 270 | 191 | 571 | 363 181 047 | 033 | 106
(-SR59 | 187 | 163 | 472 | 333 163 040 | 049 | 100
G2SR61 | 2.83 | 209 | 472 | 361 1.80 060 [ 058 | 116
(2-sR-88 (219 | 188 | 472 | 391 1.98 046 | 043 ] 08

D, ' before cracking, K. (3 @ after cracking
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Fig. 17 Relationship beyween calculated and

experimental flexural rigidity of plated beams
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