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Abstract

Project Code: RSA5280034

Project Title: Use of ferrocement to strengthen reinforced concrete members not designed
for earthquake

Researcher:  Associate Professor Dr. Amorn Pimanmas
School of Civil Engineering and Technology, Sirindhorn International Institute
of Technology, Thammasat University

Email Address: amorn@siit.tu.ac.th

Project Duration: March 2009 — September 2012

This research is a study to reduce the damages to reinforced concrete structures due
to earthquakes, by strengthening existing structures so that they have increased seismic
strength and ductility. The scope of study consists of 1) strengthening of lap splice of
reinforcing bars by fiber reinforced polymer sheets, 2) shear strengthening of reinforced
concrete members by ferrocement and 3) test and development of mathematical model to
predict the strength of lap splice confined by ferrocement

The study on strengthening lap splice by fiber reinforced polymer sheets consists of
8 specimens. One specimen is the control specimen without lap splice and the other 7
specimens are specimens with lap splices. The later 7 specimens are grouped into 2 series,
15db series with lap length of 200 mm and 20db series with lap length of 250 mm. The
specimens are tested as simple beam with the span length 2.34 m. The cross section is 15
cm wide and 30 cm deep. The load is monotonically applied at the middle of the beam. The
applied load, deflection and lap splice bond strength are measured in the test.

From the experimental results, it is found that the variables that affect the strength of
lap splice are splice length, concrete cover and number of FRP layers. The experiment
clearly indicated that members with short lap splice length have lower strength and ductility.
The failure of the specimens is characterized by brittle splitting crack along lap splice length.
The confinement provided by CFRP around lap splice is effective to suppress the splitting

crack propagation and enable the steel to develop yield capacity.

Based on the experimental results, the tri-uniform bond stress model has been
developed to predict the confinement effect provided by CFRP. The model can also be

applied to calculate the required amount of CFRP for strengthening short lap splice region.




The second research project is the shear strengthening of reinforced concrete
members by ferrocement jacket. The experiment consists of 9 specimens. Three specimens
are the control (unstrengthened) specimen and the remaining 6 specimens are strengthened
specimens. The specimen is a beam type with the span length of 2.20 m. The cross section
is 20 cm wide and 40 cm deep. The specimen is tested under monotonically applied control
displacement at the middle of the span. The ferrocement for shear strengthening has also
included the skeleton dowel steel fabricated in a C-shape and is fixed on the side face of the
specimens at predetermined intervals. Experimental results have shown that strengthening
of specimens by ferrocement can significantly increase shear strength of specimens. The
ductility is also enhanced. The increase in shear strength varies with the spacing of skeleton
dowel steels and the form of strengthening. Finite element analysis has been conducted to
predict the behavior of specimens in the test. It is found that FEM analysis can satisfactorily
reproduce cracks, load-deflection response and failure mode.

The third research project involves the test and development of model to predict the
lap splice strengthened by ferrocement. In the experiment, 9 specimens have been tested.
Among all specimens, one is the control specimen without lap splice. The remaining 8
specimens have short lap splice and are strengthened by ferrocement. The specimens can
be grouped into 2 series; 20db series with lap length of 250 mm. and 25db series with lap
length of 300 mm. The specimen is a beam type with span length of 2.34 m. The cross
section is 15 cm wide and 30 cm high. The ferrocement consists of high strength mortar
reinforced by 2 layers of hexagonal wire mesh. Skeleton steel made of 9 mm round bar bent
in a C shape is also wrapped around the lap splice to increase the confinement. The load is
statically applied to the specimen at the midspan. The applied load, deflection and bond
strength of lap spliced bars are measured in the test. From experimental results, it is found
that the variable that affects the development of lap splice strength is length of lap splice,
form of strengthening and concrete cover. It is also found that if the splice length is less than
25 times bar diameter, the spliced bars cannot develop yield strength. The failure is
characterized by a large splitting crack along the lap splice. Strengthening by ferrocement
and skeleton steel can increase the load by more than 100%. The failure mode can be
changed from brittle splitting failure to ductile flexural mode. Based on experimental results,
tri uniform bond stress model is also developed to predict the behavior of specimens confined
by ferrocement. Good agreement between model prediction and experimental results can be

obtained.
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A19191 3.4 N1IAAAI strain gages ‘lmgﬂﬂﬂaau 20db

Strain-gage Num. of
No 1 No 2 No 3 No 4
Beam bond zones
20F0 0 90 180 2
20F2 0 60 120 180 2
20F4 0 60 120 180 3
20F6 20 60 120 180 2
Unit: mm
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Displacement (mm)
gﬂ‘ﬁ' 3.11 AN INARAUTA 20db
@139 3.5 f‘i'lé'a%'mf'mﬁfnmaaqmﬂmaau 20db
Column | Number | Exper. Ana. strength (Ton) with 7 Minimum Failure type
of FRP | Strength | 35 45 40 Difference | Experiment | Predicted
layers (Ton) (MPa) (MPa) (MPa) (%)
20F0 0 3.91 4.15 4.74 4.46 6.1 Pre yield Pre yield
20F2 2 6.61 5.27 6.13 5.62 7.2 Post yield Post yield
20F4 4 7.78 6.14 6.81 6.51 12.4 Post yield Post yield
20F6 6 7.50 6.66 7.31 7.00 2.5 Post yield Post yield
A13197 3.6 MAITUUII AN NVBITANATDY 20db
Column Number | Experiment | Analysis with £, (MPa) | Minimum Failure type
of FRP | Strength 35 45 40 Difference | Experiment | Predict
layers (fy) (%)
20F0 0 0.745(%) 0.790 | 0.894 | 0.844 | 6.0 Pre yield Pre yield
20F2 2 1.066(*) 0.919 | 1.021 | 0.980 | 4.2 Post yield Post yield
20F4 4 1.194(%) 1.021 | 1.089 | 1.056 | 8.8 Post yield Post yield
20F6 6 1.163(*) 1.071 | 1.143 | 1108 | 1.7 Post yield Post yield
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Strain-gage Num. of
No 1 No 2 No 3
Beam bond zones
15F0 30 90 150 1
15F2 30 90 150 1
15F4 30 90 150 1
15F6 30 90 150 2
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Column| Number | Exper. | Ana. strength (Ton) with f/| Minimum Failure type

of FRP | Strength 35 45 40 Difference| Experiment| Predicted
layers (Ton) (MPa) | (MPa) | (MPa) (%)

15F0 0 3.55 3.18 3.6 34 1.4 Pre yield Pre yield
15F2 2 4.97 4.42 5.02 4.73 1.0 Pre yield Pre yield
15F4 4 6.74 5.13 6.12 5.48 9.2 Post yield | Post yield
15F6 6 6.93 5.67 6.57 6.30 5.2 Post yield | Post yield
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Column | Number| Experiment| Analysis with f. (MPa)| Minimum Failure type
of FRP| Strength 35 45 40 | Difference| Experiment Predict
layers (fy) (%)
15F0 0 0.670(*) | 0.593| 0.672| 0.634 0.3 Pre yield Pre yield
15F2 2 0.870(*) | 0.773| 0.877 | 0.827 0.8 Pre yield Pre yield
15F4 4 1.066(*) | 0.864| 1.001| 0.924 6.1 Post yield Post yield
15F6 6 1.094(*) | 0.951| 1.031| 1.006 5.8 Post yield Post yield
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S; = Local slip at peak pullout mode failure

(3.4)



S, = Local slip factor
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Bar Force, P (kN)
a2 A
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yielding

A= Az-A1
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place in that direction
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m’li’mﬁ. 3.10 NaMINa®dyY Harajli ke Dagher (2008)

Lateral force Type of lap splice failure
Specimen
Experiment | Analysis | Difference Experiment Analysis
C14FP1 87.2 92.3 1.06 After yielding of bar After yielding of bar
C14FP2 92.2 97.2 1.05 After yielding of bar After yielding of bar
C14E 84.3 100.0 1.19
C16FP1 112.5 108.0 0.96 After yielding of bar After yielding of bar
C16FP2 107.4 109.0 1.01 After yielding of bar After yielding of bar
C16E 97.9 91.6 0.94
C20FP1 126 130.0 1.03 Before yielding of bar | Before yielding of bar
C20FP2 141.8 135.0 0.95 Before yielding of bar | Before yielding of bar
C20E 150.7 147.0 0.98
Average 1.02
S.D 0.08
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A13191 5.3 A1ANNLATIAINMINATOLUASNNTAIWIUVBIAI8EN 25F9@50

WUNELAY strain gage No.1 No.2 No.3 No.4 No.5
S2823ANTINANIA (mm) 30 70 120 180 250
fANULAILATBY Bar A NA 12872.6 | 2474.51 | 1791.72 | 393.952
fANULAILATEY Bar B NA 14750 | 2521.86 | 1494.37 NA
ANIYinuY 48190.4 | 48190.4 | 2635.68 | 1757.12 | 732.133
ﬂ’nmwm@i’wﬁaﬂﬁq@ (%) NA 69.39 4.32 1.97 46.19

Notes : NA = Not Available ,Unit : Micron
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A157191N 5.4 muﬂ%wﬁsmﬁm‘éﬂﬁﬁé’aﬁ@mﬁmuazgﬂLLuumﬁiTamaawaﬂ'ﬁmaauuazﬂ’li

inue
| @iuaﬁﬂﬁﬁﬁ\?ﬁﬂmﬁmﬁqm TP
Faew | ANY1D | AMNKIBNENIEINGA “ aNu
A20819 | sTazny WNaN1S WANS WANA (%)
Nnaga N13NWY nagay | nIiung
25F0 300 0.81 0.77 Pre-yield Pre-yield 4.94
25FP 300 0.90 0.89 Post-yield Post-yield 1.11
25F9@50 300 0.99 1.04 Post-yield Post-yield 5.05
25F9@100 300 0.96 0.93 Post-yield Post-yield 3.12
25F6@50 300 0.96 0.93 Post-yield Post-yield 3.12
25F6@100 300 0.97 0.93 Post-yield Post-yield 412
20F0 250 0.78 0.79 Pre-yield Pre-yield 1.28
20FP 250 0.97 1.00 Pre-yield Pre-yield 3.09
20F9@50 250 1.27 1.25 Post-yield Post-yield 1.57
20F9@100 250 1.11 1.12 Post-yield Post-yield 0.90
20F6@50 250 1.20 1.12 Post-yield Post-yield 6.67
20F6@100 250 1.20 1.12 Post-yield Post-yield 6.67
Anadn 3.47
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