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Reinforcing Effect of Buildings Considering Load Distribution
Characteristics of a Pre-compressed Micropile

ABSTRACT

Micropiles can be used to support additional load in extended building structures. However, their use brings about a risk of exceeding the
bearing capacity of existing piles. In this study, pre-compression was applied to distribute the load of an existing building to micropiles,
and an indoor loading test was performed to confirm the structural applicability of a wedge-type anchorage device designed to improve
its capacity. According to the test results, the maximum strain of the anchorage device was 0.63 times that of the yield strain, and the
amount of slip generated at the time of anchorage was 0.11 mm, satisfying structural standards. In addition, using MIDAS GTS, a
geotechnical finite element analysis software, the effect of the size of the pre-compression, the thickness of the soil layer, and the ground
conditions around the tip on the reaction force of the existing piles and micropiles were analyzed. From the numerical analysis, as the size
of the pre-compression load increased, the reaction force of the existing pile decreased, resulting in a reduction rate of up to 36 %. In
addition, as the soil layer increased by 5 m, the reduction rate decreased by 4 %, and when the ground condition at the tip of the micropile
was weathered rock, the reduction rate increased by 14 % compared with that of weathered soil.
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Table 1. Components of the Pre-compressed Loading Device
Component Shape Size Positioning and Functions
L Thread bar * Settled on rock 10-30m above ground
: Mi 1
HYJF:::EIIC ieroptie WW @=40-90 mm | * Supports the upper load
Holding * Installed on the thread bar
glevice Anchoragenut :: ®=150-200 mm| , Transfers the pre-comp. load to the anchorage cone
. Anchorage wedee | Anchorage * Installation of the anchorage nut by engaging with the
— — Anchorage cone @=150-220 mm| anchorage wedge
Anchorage nut cone
* Transfers pre-comp. load to anchorage wedge
Micropile Anchorage |' ‘ _ * Installed in conjunction with the anchorage cone
wedge @=150-250 mm| Transfers pre-comp. load to raft
Holding | L=500 mm * Transfers the pressure of the hydraulic jack to the thread bar
device @=200-250 mm| * Fixes the hydraulic jack to the top of the holding device
Hydraulic @=200-250 mm| * Pre-comp. loading device
jack stroke=200 mm | * Pushes in the thread bar as much as the stroke

D Drilling and @ Integration of @ Anchorage @ Hydraulic ® Pre-comp. and ® Construction
Installation of the Casing and Cavit: Device Jack Integration of Completion
Micropile 9 Y Raft and Device P
Fig. 2. Construction Sequence of a Pre-compressed Micropile
Lv1
STH Lv|§\ Lv2
1U1,2,3 TN
0U1,2,3 | N
101,2,3 ||
STV 1
STH
STV
Vi V2

(b) Anchorage Test Specimen

(c) Location of the Compression Test Sensor

(d) Location of the Anchorage Test Sensor

Fig. 3. Images and Sectional Views of a Test Specimen
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Table 2. Results of the Indoor Loading Test

Micropile diameter (mm)
Parameter
55 765
Maximum load (kN) 543 688
Micropile maximum strain -1,704x10° -1,122x10°
Compression test Wedge maximum strain -513x10°¢ -1,265x10°
Cone maximum strain -576x10°° -1,209x10°°
Displacement (mm) 15.29 15.57
Maximum load (kN) 173 180
Micropile displacement (mm) 60.45 60.09
Anchorage test Wedge displacement (mm) 0.11 -0.08
Cone displacement (mm) 2.10 0.85
Strain -491x10° -293x10°®
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Table 3. Properties and Specifications of the Piles and the Raft

Properties .
Type Model 3 Specification
~ (KN/m’) E (GPa) v
Reinforced micropiles 259 39 0.2 Diameter: 50 mm
.. . Diameter: 350 mm
Existing piles Elastic 24.0 24 0.2 Length: 13.25 m
Thickness: 650 mm
Raft 24.0 24 0.2 Length: 5 m
Table 4. Properties and Constitutive Model of Soil Layers
Properties
Type Model 3
~ (KN/m”) ¢ (kPa) ¢ (deg.) E (MPa) v
Weathered soil (N<50) 18.0 22 24 25 033
Weathered soil (N>50) Mohr-Coulomb 19.0 25 25 55 0.32
Weathered rock 21.0 26 31 400 0.30
Table 5. Load Change Ratio according to Construction Stage
Construction stage Load (kN/m) Load change ratio (%)
Existing state 230.0 100
Demolition 133.4 58
1 floor extension 248.0 108
2 floor extension 269.0 117
3 floor extension 287.5 125
Pre-comp. : P1, P2, P3 Pre-comp. : P1, P2, P3 Pre-comp. : P1, P2, P3
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Fig. 10. Main Modeling Details with Various Thicknesses of Upper Weathered Soil
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Table 6. Numerical Analysis Results in the Case of Three-Floor Extension with Different Pre-compression Loads

. Existing pile Micropile
Pre-compression load - - " -
Reaction force Reduction rate” (%) Reaction force
No reinforcement (kN) 456.5 0 -
0 420.2 8 76.6
Reinforcement with 100 3787 17 128.4
pre-comp. load
(kN) 200 335.8 26 2123
300 290.7 36 2974

* Reduction rate (%) = {1-(Reaction force of pre-comp.) / (Reaction force of no reinforcement)} x 100
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Fig. 13. Reaction Forces of Existing Piles in the Case of a Three-Floor Extension
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Table 7. Reaction Forces and Reduction Rate of Existing Piles by Parameter

Reinforcement with pre-comp. load (kN)
Parameter No reinforcement
0 100 200 300
om Existing pile (kN) 391.3 364.8 323.0 278.8 2314
Reduction rate (%) 0 7 18 29 41
Thickness of 5m Existing pile (kN) 4228 395.1 3494 306.8 261.3
Ww. soil Reduction rate (%) 0 6 17 27 38
om Existing pile (kN) 452.0 4234 3833 3414 297.1
Reduction rate (%) 0 6 15 24 34
w. sol Existing pile (kN) 4228 413.5 391.1 361.3 3204
Reduction rate (%) 0 2 8 15 24
Embedded w. rock Existing pile (kN) 422.8 395.1 3494 306.8 261.3
Reduction rate (%) 0 6 17 27 38
w. rock Existing pile (kN) 4228 382.7 336.8 291.8 246.9
(t2m) Reduction rate (%) 0 9 20 31 12
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