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Deformation Characteristics of Reinforced Polymer Concrete Beams
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Summary

The primary objective of the study was to find the deformation characteristics of reinforced
polymer concrete beams. A test program was carried out to compare the behavior in defor-
mation of polyester and MMA concrete beams with cement concrete beams but with varying
ratios of tensile reinforcement. From the results the following conclusions can be made.

1. The various strengths of polymer concrete ware very high compared to the strengths
for cement concrete. Also, compared to conventional concrete beams, flexural strength of
reinforced polymer concrete beams was distinctly higher for the same section and steel ratios,

2. The polymer concrete beams exhibit large deflections accompanied by relatively high
strengths as compared to cement concrete beams.

3. The average ultimate strain at the extreme compression fiber of polymer concrete beams
was 0.011 cm / cm, and this value was about three to four times as large as that of cement
concrete beams,

4. The polymer concrete beams developed more cracks which were more wide crack dist-
ribution spacing than the cement concrete beams, and the beams failed in a more ductile
manner,

5. The reinforcing steel ratio has a significant effect on the beam strength, load-deflection
response, stress-strain curve, and crack pattern of polymer concrete beams,
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Table— 1, Cement concrete mix design,

Unit : kg/m?®
Fine Coarse
Water {Cement
aggregate aggregate
135 339 774 1161
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Table— 2, Polymer concrete formaulation.

Fine Coarse
Binder | Filler*
aggregate aggregate
10 8 41 43

* Flyash was used as a filler for polymer conc-
rete, except silicaflour (5% )and PMMA (3% ) were
only used as a filler for MMA polymer concrete
in stead of flyash,
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Table— 3, Binder formulation for polymer corcrete.

o . Initiators Accelerators
Description | Resin or monomer
Name |Content,%* Name [Content, %*
. Benzoyl Dimethyl
Polyester Polyester resin ‘y 2. 50 y 0, 4
peroxide aniline
Methyl methacrylate (97%) and Trimethy-{ Benzoy! Dimethyl
MMA lol propane trimeth-acrylate {3%) peroxide 1,13 -para- 0, 5
toluidine
*Percentage of resin or monomer weight,
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Table—- 4. Details of test beams

Beam Dimension, cm Tensile Tensile section Steel ratio
description | Width(d) | Effective depth (d) reinforcement (As), em? (P

2% 4 10 12, 60 2-Di3 2,58 0, 0205

2% 6 10 12, 25 2-Dig 5. 68 0. 0463

2% 8 10 11, 90 2-D25 10, 20 0, 0854
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Table— 5. Test results of mechanical properties of concres and strength of beams.
Mechanical properties of concretes Strength of beams
Compressive [Splitting Bending |Modulus of [Ultimate] Ultimate | Ultimate moment
Beams strength tensile stre-|strength jelasticity load moment | strength
(kg/cm) ngth (kg/cm?(kg/em?) | (x10°kg/em?) | (kg) (kg - cm) | (kg - em/cem®)
24 4 450, 2 43, 5 46, 1 3. 21 6, 577 1,672, 1 1. 05
Cement 2/ 6 415, 4 38. 8 41, 0 3. 06 9, 2981 2 363, 9 1. 57
288 438 4 455 48, 4 3. 20 10, 205 ] 2 594, 6 1. 83
Mean 434, 7 42. 6 45, 2 3. 15 - - -
2# 4 644, 7 72, 4 130, 7 1. 96 7,711 1, 960. 3 1. 23
2% 6 653, 1 79 4 139. 5 I, 85 12,247 | 3 113, 8 2, 00
Polyester
2% 8 657, 3 83. 3 132. 5 1. 73 14,514 1 3 690, 1 2, 66
Mean 651, 7 78. 3 134, 2 1. 85 - - -
24 4 761, 3 93, 2 145, 1 2,33 8 618 2 191, 0 1. 38
MMA 28 6 691, 6 77,1 131,11 2. 29 13, 607 1 3 459. 5 2. 30
248 7115 89, 5 147, 5 2. 31 16,3291 4151, 3 2. 93
Mean 721, 4 86, 5 141, 2 2. 31 - - -
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Fig 3. Load deflection relationships for various concrete beams,
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Table— 6. Analysis of the load- deflection curves,

Beams Span length (L), em Ultimate deflection (y) em | y/L, em/cm

2% 4 150 1, 91 0, 0127

Cement 28 6 150 1. 24 0, 0082
2% 8 150 1, 14 0, 0076

2% 4 150 6 07 0, 0404

Polyester 286 150 3, 98 0. 0265
2% 8 150 3. 25 0, 0216

2% 4 150 6, 48 0, 0432

MMA 28 6 150 4, 34 0, 0289

\ 248 150 3,20 0. 0213

— 67 -



oleh,

webd Feluh TP EN = Efifge] xluk v

SRR T e #30% & 158 1988% 38

A Cement 2 #4

8} 8 T
Concrete
sb - - / Rebar Rebar 6}
_ Strain(xi0 ™, om./om)'
5 0 4000 8000 12000,
3 { T 24
3 ':' 15 5.0
2t 3 75 r
! g
S g (c)
0 0.0 8000 12'0(.)0| 0 4l é 1‘2
Strain{x10 ~*, cm/cm) N.A.D. fom)
(a) (b)
B. Cement 2 #6 104
/
/
’/\ Concrete 8F

Load(ton)

Strain{x10 ™", cm/cm)
0 4000 8000 12,000 Sf

- 25
B
£ 50 4
a 75
a
10.0 (c) A
4 o S Sy
0 4,000 8,000 oo 0 4 82
Strain(x10 ™, cm/om) N.A. D, (cm)
(a) (b)
12 C.Cement 2 #8 12}
o 10
/l‘\Concrete
! 8
- Strain{x10 %, cm/cm)
8 Rebar g 4000 8,000 12.00
3 £ 25 o
o 5 .
- £ 50
§ 75 4
100 (c)
2
0 4,000 8,000 1200 0 4 812
Strain(x10 ", cm/om) N.A.D. {cm)
(a) (b}
Fig 4. Strain data of cement concrete beams;

(a) load- strain, (b) load- neutral axis depth
and (c)strain profile at loads of approx

imately Pu/3  2Pu/3 and Pu.
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Table— 7. Crack number and distribution spacing of the various beams.

B Crack number Crack distribution spacing (cm)
cams 1 side 2 side Mean 1 side 2 side Mean
244 6 4 50 52 44 48, 0
Cement 2#6 3 3 3,0 46 43 44, 5
248 2 2 2,0 41 36 38, 5
2%#4 14 15 14,5 77 72 74. 5
Polyester 246 9 10 9.5 61 61 61, 0
248 5 é 55 36 47 41, 5
244 16 18 17.0 81 82 81. 5
MMA 286 14 13 13.5 64 64 64, 0O
28 7 8 7.5 48 52 50, 0
A Cement 2 #4 A MMA 2 #4
B. MMA 2 #£6
B, Cement 2 #5
C.MMA 2 #8
C.Cement 2 #8
Fig.9. Crack and failure pattern for MMA
Fig. 7. Crack and failure pattern for cement concrete beams.
concrete beams,
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Fig. 8. Crack and failure pattern for polyester

concrete beams.
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