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An Experimental Study on Mortar Beam Stengthened by
Composite Material

Seung-Hwan Cha* and Ilsup Chung**

ABSTRACT

Excellent environmental durability and handy installation procedure as well as high specific strength
and stiffness have introduced fiber-reinforced polymeric composite materials into the civil and architec-
tural engineering field. This study presents the considerably enhanced strength characteristics of the mor-
tar beams by being reinforced with epoxy-bonded carbon fiber sheets(CFS). Three point bending and
Charpy impact tests were performed on both of bare and reinforced mortar specimens. The influences of
length, and the number of reinforcing plies were investigated. Strength reduction due to pre-existent notch
was lessened dramatically. The acoustic emission(AE) measurement revealed the progressive damage

process in reinforced specimens.

LA &
197084 ol ¥ FAg 73A 433 A +u A
% F2EBc] 2449 SHvME, A A9 A7
A 89, A3t A3t mE w=F3, AR - PR
7o 5% Aste] o AME 29 W, FHA
g fAwe T2 st A ¥ Gzt 24 =2
€9 B A iy AL Fol T Az A
3 EAE 2o v Sl = FIHRAA o]ojR)A]
€ Irieds T2l A, 5tee W o=
A3t FxUge 5 R T3] A8F F2E
F7ktn UM olEd it AHG diFe] AlFd
Aol
AR 28 NIAARE AHEE BdAlRe o
& AT A=, AR Jstd S e

2 gus a7, AL Holgot. 80T o[ & A 1
G897 dolA Aeat A9, 2X28F B opy
g EX - AFEor2 =1 gle FAoith 1 Fol
Mz 531 BEE - AS5EokAM B33 Aade 3
3 A, B30 i 7Y, dA9 F94, AlE
o # T2 Yt 71Ee] AV B, 90 T
B 58 RE¥ & e 2Aer FE¥a g}
t{1.2]). ole 7] 289 T4 EE =¥38 a7,
AEY 7%, g2 Tl feliR, @24 F, ot
= AR T4 BAEE I, v eEN 72E
o Z=E 37t A7le W eitH3-10]

ay, ol @ BRAR Bl A5 o] &2 wt
Fo2 & Aol FutHA B A, @3] B 9
Eato] AIZEHAU, v A HEHE FFsied
a3, ¥F Ho 2 d@Ang #28 + de 9

*gdigte ek
**gdgsta ZiAEEE



2 A4 - 394

BEEAMEHREES

Yol 9long, ojof thgt WU A7} Hadth

ol9] dFog B AFdie BaHR B A
B2E ZEE29 HFANRE W, oj3°] s AF 7|
A 9% ¥4z a3k 94, Z2g2 %
B4 A8 27 J|AF E4XE d3Fe=
ZRA o, EdARS 23E B AgH o 3
A FINES B3 BAEAE S o] d9,
2 ael Ay g3, BARe Zo|, 20 4
5¢ Avusith B¢, BAANIA 37349 o)
g 38 TR A3 v wdch

AR Ax A3 2AEAE 9 £ gi%ien,
714 Qolx AAE FF FRE FX A HojH
2 g3l gty FEE i 2= 2 RS
=9 dF, BAAZe] HALA T €8 &
oh

2. A9 A e A

21 A EE AE

A%Ed AMRHE IEE dvtdoz ARIE,
B, 23 9 A2 Fo] SHE 439 A EdAE
old, 1 714 AT Ao FAHAEY Tl
A &I B AT e EfARY HH o
ZAE "o diF 9% ddeR tn glov,
vmA 2L A9 ARS AN eng, Ao &
A4 (homogeneity)S FAJsl7] ¢slq @ £
AR g3 AWME, R, BT E3et AT B
ZEl2E AMET TEAE AIE, Rejet ol B
Avle 1:2.6:0.62.2 sgov, £3d HolrE
(paste)E A1gH P9 E=(mold)d] F& 5, 24
M =g 35TR RAE, 1493 FAsIgch

Top Coat
Carbon Fiber Sheet f

e Il

Primer

334 FAE AN AEBe 4L Zol(mm)
X Zol(mm) X A (mm)7} 200x40 x40, 200x20
x40, 200 x40 20 A7t 2 skJch.

BAARE e, 2R ES 7 @24 E
2A @AM ojn| A& e TF3toluAle] B
#ACarbon UD NR728} o|&A] LR67E AHR-3EH
ok 27 Aabde Oy 1] Jeld biet . ofn|
e mazetze]l RMAE Yo ZAsia PH3I3F
Z3hg Ealon] PRO7E EX3 T 2443 B¢ A
3}A71 3 o EA] top coatE vlETh 1 §io] TR €]
Carbon UDE 9AA1711, 2885 o435} iy
2 dEAZ A A7) H, B4 top coatE AT E
39, o] AR Aol T A B} A
252 s2laal € FSde 152 2% 3 2447
e 7Aze =, top coatE: S ¥s:, 2 yhjez
17 HEE F71819th

22712 E4% &1 A

- @ 2139 W) we AFE Z2el2 AFHd

W3t 37 39 AES AAEIATh 2o g2 ut
g A4eE 9 AEE Asigen, gYsE ¥
o] W 23y ~EQ 2AceRH HWIESS
ool eASe EolgulE SR T, 50x50
x50(mm) =719 AEAIPE R=El2 AIPGHE &
Aol 4EATE SFsigdon, AlEH ERee 2
EgRQ AlAE RS qFA e @AFE T3t
=E 30tk AlE A, A7 4 AFA] FES B8A
+5 M5 93

e BRAR JAH 54L& ¢ 2139 g
o wa} AztE 1-ply @4 0°, 45°,90° 43k AlY
Hol thsle] ASTM D 3039-76¢] wtE HZ(Off-
axis) A|g-& AA3 FHsQc AY 24 € A=

Table 1. Mechanical Properties of Mortar and Carbon Fiber

Fig. 1. Application of Reinforcing Composite Sheet on Mortar
Surface

Sheet
Mortar Carbon Fiber Sheet

Elastic E, 236
Modulus 1.80 E; 55
(GPa) Gn 3.0

Poisson’ s
Ratio 0.13 V12 0.25
Strength | Tensile >4 X 209
. 22 Y, 17.7
(MPa) | Compressive S 8.9
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Fig. 2. Three-point-bending Test of Composite Reinforced Mor-
tar Beam(in mm)
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Fig. 3. impact Test Specimen of Composite Reinforced Mortar(
in mm)
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Table 2. Summary of 3-point Bending Test Resuits for 1-ply
Reinforced Mortar Beams

Reinforcing Length 1o 1 20 | 60 | 100 | 160
{mm)
Max. Load
155 | 227 | 331 | 463 | 501
(KN)
Load-line Deflection 1 o0 | 03 | 054 | 080 | 126
{mm)
Apparent Modulus
pu 235 | 293 | 245 | 232 | 159
Apparent Flexural
S By | 851 | 1241 | 1736 | 1879

Maximum Load (KN)
Py

- ®  Unpotched -
il o 25%Notched |
1| —— Regression :

04 ; : : d ; ; - ;
0 20 40 60 80 100 120 140 160

Reinforcing Length, L (mm)}

Fig. 4. Variation of Max. 3-point Bending Loads of 1-ply Rein-
forced Specimens due to Reinforcing Length
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Fig. 5. History of Applied Load for 1-ply Reinforced Specimens
and Corresponding Acoustic Emission Hits
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Fig. 6. Fractured Specimens with 1-ply Reinforcement(From
the Top, Bare, 20, 60, 100, and 160mm of Reinforce-
ment Length)

Fig. 7. Fractured Specimens of 1-ply Reinforcement with Fibers
in Transverse Direction to Specimen Axis
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Table 3. Summary of 3-point Bending Test Results for 160
(mm) Reinforced Mortar Beams

Reinforcing Ply
Number (plies) 0 ! 2 3 4
Max. Load
153 ] 501 | 62 | 709 | 737
(KN)
Load-line Deflection |\ )¢ | 1 96| 131 | 1.54 | 1.40
(mm)
Apparent Modulus
(GPa) 235 159 | 1.89 | 184 2.11
Apparent Flexural
Strength (MPa) 5.74 118.79{ 23.25 26,591 27.64
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Fig. 8. Variation of Max. 3-point Bending Loads of 160mm
Reinforced Specimens due to the Number of Sheets
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Table 4. Averaged Max. Load of 160(mm) Reinforced Notched
Mortar Beams Compared with Unnotched Ones

Reinforcing Ply | Maximum Load | Max. Load Ratio
" Number (plies) (KN) w.r.t Unnotched
1 507 1.01
2 6.23 1.00
3 7.26 1.02
4 7.82 1.06

. —&— Without Reinforcement
: —O— 1-Ply 160{mm) Reinforced

Maximum Load (KN}
w

Notch Depth (mm)

Fig. 10. Max. 3-point Bending Loads of Bare and Reinforced
Specimens with Notch
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Fig. 11. Variation of Impact Energy due to the Number of Rein-
forcing Sheets
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