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Abstract

This research introduces an innovative design approach for concrete micropiles constructed from
recycled concrete aggregate, reinforced with Fiber-reinforced Polymer (FRP) composites. The study begins
by examining standard specifications for concrete piles and then develops the mechanical properties of
a mix combining recycled concrete scraps with composite materials for pile fabrication. The investigation
extends to the mechanical behavior of the piles under loads, with a focus on axial force and shear strength
during earthquake exposure. Special attention is given to the shear force at the longitudinal connection
point between two piles. Test results demonstrate a satisfactory load-bearing capacity, with an average
maximum moment value of 6.50 kN/m, which is competitive with conventional concrete micropiles
available in the market. Additionally, the study explores structural crack failure to promote sustainable
infrastructure development. The proposed design method proves to be efficient in supporting weight
according to design standards, enables rapid installation, ensures durability over its lifespan, and utilizes

cost-effective materials available in the local construction industry.
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Series ID oo @) L L L ] (s | (s | () WIAURD | UIAU UInNY
UIAU) UINY) | UIAU) a a a_a
UAALUAT) | HAALUAT) | LUAT)
S-NA-C15 15.00 | 0.60 | 50.00 | 65.00 | 2.20 | 2.50 | 3.40 | 0.88 | 0.74 25.00 820 6.50
S-NA-R15 30.00 | 0.50 | 56.50 | 63.00 | 2.10 | 3.00 | 3.80 | 0.70 | 0.79 60.00 970 6.30
S-RCA-C15 1550 | 0.50 | 42.00 | 59.00 | 2.30 | 2.70 | 3.00 | 0.85 | 0.90 31.00 630 5.90
I S-RCA-R15 16.00 | 0.40 | 42.50 | 57.50 | 1.90 | 2.00 | 3.60 | 0.95 | 0.56 40.00 800 5.75
FRP-NA-C15 | 22.00 | 0.70 | 60.50 | 63.00 | 2.15 | 3.00 | 4.00 | 0.72 | 0.75 31.43 1160 6.30
FRP-NA-R15 | 21.50 | 0.65 | 58.00 | 60.00 | 2.20 | 3.10 | 3.50 | 0.71 | 0.89 33.08 860 6.00
FRP-RCA-C15 | 18.00 | 0.70 | 51.50 | 59.50 | 2.90 | 3.80 | 3.80 | 0.76 | 1.00 2571 720 5.95
FRP-RCA-R15 | 15.00 | 0.80 | 50.00 | 58.00 | 2.30 | 3.70 | 4.10 | 0.62 | 0.90 18.75 1150 5.80
S-NA-C15-N 20.00 | 0.80 | 60.00 | 62.00 | 3.90 | 3.50 | 5.00 | 1.11 | 0.70 25.00 1100 13.95
S-NA-R15-N 21.00 | 0.70 | 55.00 | 59.50 | 3.60 | 3.00 | 4.95 | 1.20 | 0.61 30.00 1000 13.39
S-RCA-C15-N | 20.00 | 0.85 | 51.00 | 59.00 | 3.90 | 3.10 | 4.20 | 1.26 | 0.74 23.53 750 13.28
1 S-RCA-R15-N | 19.00 | 0.70 | 50.00 | 58.00 | 3.50 | 2.70 | 4.80 | 1.30 | 0.56 27.14 770 13.05
FRP-NA-C15-N | 20.00 | 1.40 | 58.00 | 61.50 | 7.80 | 5.90 | 9.90 | 1.32 | 0.60 14.29 2150 13.84
FRP-NA-R15-N | 20.00 | 1.50 | 57.00 | 60.00 | 7.50 | 6.00 | 8.10 | 1.25 | 0.74 13.33 2100 13.50
FRP-RCA-C15-N | 19.00 | 1.60 | 53.00 | 58.00 | 7.30 | 5.90 | 8.50 | 1.24 | 0.69 11.88 1900 13.05
FRP-RCA-R15-N | 18.00 | 1.20 | 54.00 | 57.00 | 7.00 | 5.80 | 7.90 | 1.21 | 0.73 15.00 1850 12.83
S-NA-C15-D 18.00 | 0.50 | 70.00 | 72.00 | 3.40 | 3.00 | 4.50 | 1.13 | 0.67 36.00 920 16.20
S-NA-R15-D 18.00 | 0.50 | 64.00 | 69.50 | 3.10 | 2.70 | 4.90 | 1.15 | 0.55 36.00 980 15.64
S-RCA-C15-D | 15.00 | 0.40 | 60.00 | 65.00 | 3.20 | 2.70 | 4.00 | 1.19 | 0.68 37.50 880 14.63
o S-RCA-R15-D | 16.00 | 0.45 | 62.00 | 66.00 | 3.00 | 2.75 | 4.10 | 1.09 | 0.67 35.56 850 14.85
FRP-NA-C15-D | 10.00 | 0.65 | 65.00 | 69.50 | 6.50 | 5.50 | 850 | 1.18 | 0.65 15.38 2000 15.64
FRP-NA-R15-D | 11.00 | 0.70 | 60.00 | 68.00 | 6.50 | 5.20 | 7.10 | 1.25 | 0.73 15.71 1940 15.30
FRP-RCA-C15-D | 9.00 | 0.60 | 59.00 | 62.00 | 6.40 | 5.10 | 7.50 | 1.25 | 0.68 15.00 1890 13.95
FRP-RCA-R15-D | 10.00 | 0.65 | 52.00 | 60.00 | 5.50 | 4.00 | 6.60 | 1.38 | 0.61 15.38 1780 13.50
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4. Design for ultimate load
Beam dead load
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Exposure condition
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Reinforcement ratio for balanced
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Moment of Resistance

Strength reduction factor
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Unity Check

5. Design rupture stress of the FRP

- Beam No.
- Engineering
- Date
FRP BEAM DESIGN
ACI440.1R

6. Check the crack with

GFRP Exposure condition (Crack) Intreior exposur
LS = 620.6 MPa Maximum allowable crack with ~ W, = 0.7 mm
€%, 0.014 My, = Wp, L'/8 My, = 069 kNam
E; = 44800 MPa My, = W, L/8 My, - LI0  kNm
fe = 42 MPa My - Mp M, Mpiwr = 179 KN.m
Ec = 3078352 MPa ne= E‘/4750\/f'c ne = 1.46
€. = 0003 k= V(P +2pm) K - 0
£=Mpy 0 /Ad(1-k/3) f; = 3494 MPa
Simple Beam B:(h-kd)/d(l-k) B = 1.29
L = 1 m d.=h-d d, = 27.00 mm
b - 150 mm s=b-2d, s = 9%  mm
h = 150 mm W=2AHE*Pryed’ H(s2)" w = 015 mm
7. Long term deflection
FRP12 Allowable defactions L/240 = 4.17 mm
4 iy PSL% PSL =02 %
FRP6 Moment of inertia Ig = 422E407 mm
d' = 15 mm Cracking moment Mer = 2.26 kN.m
d = 123.00 mm Cracked section Ier = 7.04E+06 mm4
A; = 45239  mm Coefficient bond and modulus ~ [Bd = 043
Effective moment of inertia (IJpLe = 291E+07 mm-
Wy = 0.54 kN/m Short term deflection
Wpy = 5 kN/m Ao Aprr = 0.21 mm
Wiy - 8.8 kN/m (AL Ay = 008  mm
w, = 2073 kN/m A, A, = 013  mm
M, = 2.59 kN.m Long term deflection
Duration of the building &_, >5 years
Not Exposed Multiplier 7\,:0.6& A = 1.2
Cp = 0.8 A A = 026 mm
i = 496.48 MPa 8.Creep rupture stress limit
B, = 07492 Creep rupture £y fr sy = 9930 MPa
Pr = 0.011 Moment sustained load M, 0.91 kN.m
P = 0.025 Concrete crushing  Sustained stress level in FRP frs = 17.8 MPa
f = 32154  MPa
M, = 15.91 kN.m
[0} = 0.65
OM, = 1034 kN.m OK
= 3.99 OK

OK

OK

OK
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