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Abstract. Micro-pile drilling technology is often used today for the
reconstruction and repair of buildings whose foundations are heavily loaded.
Once installed, the piles take up part of thisload. They can also be used to improve
the load-bearing capacity of building foundations before the upper floors are
built on top of them or before additional underground floors are constructed.
Construction of buildings and structures in areas with complex soils is a special
case. Buildings constructed in such conditions as a result of underground
mining operations, soil movement into the excavated space and formation of a
displacement trough on the ground surface are subjected to uneven settlement
and horizontal deformations during operation. This paper presents the results
of field tests of unreinforced Franki micro-pile (B-4350) unreinforced pile for
soil reinforcement. Based on the obtained data, it can be concluded that the use
of micro-piles to reinforce the foundations of reconstructed buildings provides
a reduction in construction costs, labor costs and construction time, and as a
consequence demonstrates their undeniable effectiveness. Application of micro-
piles at reinforcement of strip foundations, in comparison with the traditional
reinforcement design gives reduction of the estimated cost of construction (by
8 %), mainly due to reduction of the cost of operation of machines (by 46 %)
and reduction of wages (by 24 %), though with some increase in the cost of
materials (by 28 %), which somewhat levels out the general tendencies of cost
reduction.
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

1. Introduction

Static tests of soils for bored piles begin after the concrete strength of the pile reaches more
than 80% of the design strength or after the resting pile for driven piles. The duration of rest is
established by the test program depending on the composition, properties and condition of the
cut soils and soils under the bottom end of the pile, but not less:

- 3 days - for sandy soils, except for water-saturated shallow and dusty soils;

- 6 days - for clayey and heterogeneous soils;

The following engineering method of calculating strip foundations on micro-piles with a low
basement, based on linear solutions of the theory of elasticity, does not allow to determine the
bearing capacity of the foundation with sufficient accuracy for practical purposes at settlements
of more than 20 mm. Therefore, for a more complete description of the settlement and stress-
strain state of the foundation of single micro-piles and foundations on micro-piles, we used a
specialized program for foundation calculation PLAXIS 7.2 Professional.

When investigating the actual performance of micro-piles, strip foundations on micro-piles
and the soil foundation, the selected design model plays an important role. The model of the
soil foundation, which was used to calculate single micro-piles and strip foundations on micro-
piles, was the elastic-plastic Mora-Coulomb model, using the Mnzes-Schleicher-Botkin strength
criterion.

The following parameters are required for calculation using this model:

- specific gravity of dry ydry;

- specific weight of wet soil ywet;

- soil filtration coefficient in horizontal kx and vertical ku directions;

- ground deformation modulus Ege/,

- Poisson's ratio g;

- soil specific cohesion sge/,

- soil internal friction angle <r;

- angle of soil volume increase at moistening (dilatancy angle) y/, for clayey soils =0.
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Figure 1. Calculated and experimental load-settlement relationships for single micro-piles
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Figure 1 shows the experimental and calculated plots of soil point displacements along the axis
of the micro-pile at different elevations. The experimental settlement of the micro-pile was 30.02
mm, while the calculated settlement was 37.6 mm. The character of change of displacements
under the heel of the micro-pile in both graphs is the same. However, the attenuation of
displacements with depth on the calculated graph is faster than on the experimental one. At
a distance of 0.75 m below the micro-pile heel, which is approximately equal to 3 diameters
of the micro-pile widening, the experimental displacement is 1.41 mm, while the calculated
displacement is 0.63 mm. When analyzing the displacement of soil points, it is seen that the
experimental displacement at a distance of 0.5 m above the heel of the micro-pile was 2.58 mm,
the calculated displacement was 0.72 mm. In the area of the ground from the heel of the micro-
pile and at 0.25 m above there is a break of the calculated graph, corresponding to the rupture of
the ground. In the area of 0.25 to Y.5 m above the micro-pile heel, the soil works elastically, and
the displacements of soil points with distance from the micro-pile heel are damped.

Table 1. Load on micropipe, kN

Experimental and design bearing capacity, kN 1 2 3 4 5 10 | 20 | 30
Experimental bearing capacity, kN 96 |11,7| 13,5 | 14,3 | 149 | 17,7 | 21,7 | 25,6
Design bearing capacity, kN 98 (11,6 | 13,1 | 13,9 | 151 | 18 |21,9| 24,3
Accuracy, % 25 1-13(-321|-32| 13| 1,7 | 0,7 | -5,2
0,85

L1

1,35

1,6

1,85

2,1

Figure 2. Layer-by-layer displacements of soil points along the axis of the micro-pile at different grades
under a load of 25.6 kN
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Figure 2 shows the calculated plots of changes in total stresses and displacements in the soil
by depth and width under the heel of the micro-pile. When analyzing the graphs of the stressed
state of the base of single micro-piles, obtained by calculation according to the Mora-Coulomb
model, the following remarks can be made. The total vertical stresses under the heel of the
micro-pile amounted to 382 kPa, and at a distance of 1 m from the heel of the micro-pile - 30
kPa. While the experimental total stresses under the heel were 403 kPa and at a distance of 1 m-
43 kPa. The calculated stresses decay faster with depth than the experimental stresses. This is
explained by the higher distributive capacity of soils in comparison with the calculated elastic-
plastic model of Mohr-Coulomb.

The installation for testing soils with static indentation loads should include the following
equipment: a device for loading the pile (jack), a support structure or platform for reactive
forces, a device for measuring the movement of the pile in the process of testing (reference
system with izmiritichnymi devices). This paper presents the results of static load test for
unreinforced Franki pile (B-4350), which is used under MSE Wall at Gaza Bridge/Baghdad
Province for ground improvement. The load test of the pile was conducted by Al-Yasir for Piles
Testing office, which carried out all the field work for testing the pile and recording the results
as requested by the concerned authority. Details of the tested pile are summarized below:

Table 2. Pile details

Pile No. Pile Type Pile Net Pile Diam. (m) Design Max. Applied
Length (m) Working Load (Tons)
load (Ton)
(B-4350) Unreinforced 13.5 D=0.50 100 200
Franki pile
2. Methods

The Eurocode (EC7-1) definesin clause 7.5 when pile testing should be considered mandatory,
namely:

- When using a pile type or installation method for which there is no comparable experience.

- When piles have not been tested under similar conditions.

- When theory and practice are insufficient to provide confidence in the design and when
observations during installation show behavior that deviates from what is expected.

The objectives of the load test are:

To demonstrate the stiffness and strength of the pile, which is assumed in the design and can be
achieved in reality, and to perform a spot check on the performance of the pile driver, additional
pile driving equipment. Accordingly, pile tests were conducted to observe the behavior of the pile
under settling load up to 200% of the working load, and to analyze the test results.

A pile shall be considered non-compliant with the design requirements if any of the following
conditions occur:

- Maximum settlement exceeds 25 mm at 100% working load

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N22(147)/ 2024 101
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



M.Nurgozhina, A.Zhussupbekov, D.W. Chang, D.Yu.Chunuyk

- Maximum settlement exceeds 37.5 mm at 150% working load

- Maximum settlement under ultimate load is greater than the value of settlement = (10%*pile
diameter).

- Based on New York City Code criteria, at applied load = 50% of design load, net settlement
of the pile is not greater than 5.08 mm.

It is difficult to make a selection of the best axial bearing capacity criterion to use because
the preferred criterion is highly dependent on experience and an idea of what constitutes the
ultimate fracture resistance of the pile, the following several methods are used to analyze the
ultimate resistance of tested piles:-

- Daviss method: it has very wide application and tends to be conservative. It is not suitable
for test methods involving loading and unloading cycles.

- De Peer's Method:Use of log - log scale to determine yield strength

- Fung Kee Method: extrapolation methods extrapolate the last part of the load-displacement
curve beyond the maximum applied load

- Fuller and Huy Method: using the tangent, find the fracture load (Q)ult on the curve where
the tangent to the elastic displacement load of 1.27 mm/ton will have a slope of.

- Mazurkiewicz Method: the ultimate load values are the most conservative results, smaller
than values obtained by other methods. It is simple in design and more reliable, especially for
piles loaded near failure.

- Method 1.5.2911 - Part: safe load = 2/3* (load at which the total settlement reaches 12 mm)
or 2% of the pile diameter.

- Decourt extrapolation: Decourt (1999) proposed this method by dividing each load by the
corresponding displacement and plotting the resulting value against the applied load, a curve
tending to a line intersecting the abscissa.

Compression test procedure per (ASTM-D -1143-2020) Standard Test Methods for Deep
Foundations under Static Axial Compressive Loads, paragraph (10.1.3): Apply the test load in
increments of 10% of the predetermined required test load as determined by the Engineer.
Maintain each increment of load until the rate of axial displacement is less than 0.25 mm per
hour, with a minimum time of 30 min and a maximum time of 2 hr. After the axial displacement
first exceeds 0.25 mm per hour for the specified maximum time of 2 h and after the load step,
reduce the load in decreases of 25% of the maximum test load, keeping the load constant for 10
min, using the same time interval for all load reductions. Considering a longer time interval, not
exceeding 1 h, for the final zero load to evaluate the rebound behavior.

Table 3. ASTM-D-2020 -10.1.3 : Procedure B Maintained Page 12
MSE Wall in Gaza Bridge Franki pile test load / Working load = 100 Tons/ Maximum load = 200 Tons
Percent of Applied Load | Minimum Time Reading Interval Jack perssure Bar
Maximum Load % Tons of (Min.)
Load Holding
(Min.)

0% 0 Jack 26 cm

10% 20 1 Hr. (0, 10,20,30,40,50,60) 38

20% 40 1 Hr. (0, 10,20,30,40,50,60) 75
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30% 60 1Hr. (0,10,20,30,40,50,60) 113
40% 80 1 Hr. (0,10,20,30,40,50,60) 151
50% 100 1 Hr. (0,10,20,30,40,50,60) 188
60% 120 1Hr. (0,10,20,30,40,50,60) 226
70% 140 1Hr. (0, 10,20,30,40,50,60) 264
80% 160 1 Hr. (0,10,20,30,40,50,60) 302
90% 180 1 Hr. (0,10,20,30,40,50,60) 339
100% 200 2 Hrs. (0, 377
20,40,60,80,100,120)
75% 150 10 Min. (0,2,4,6,8,10) 283
50% 100 10 Min. (0,2,4,6,8,10) 188
25% 50 10 Min. (0,2,4,6,8,10) 94
0% 0 1 Hr. (10,20,30,40,50,60) 0

Total Accumulated Time =750 Min.= 12:30 Hrs.

However, for the compression test, either the Kent ledge, tension piles or soil anchors can be
used as the reactive element. The use of a Kent ledge is preferred because the piles or anchors
may affect the result of the test.

Depending on the type of reaction, the following considerations should be taken into account
when installing test piles:

- Reaction piles should be placed at least 2.0 m deeper than the test pile.

- The centerline distance between the test pile and any reactive pile shall be a minimum of
four pile diameters (largest pile) or 3.0 m, whichever is greater.

- The minimum distance between the test pile and the nearest edge of the support (Kent
ledge) shall be 2.5 m, or three times the pile diameter.

The Pile Testing Contractor has arranged for all necessary equipment and supplies for load
testing of piles such as Kent ledge dead load, load gauges, deflection gauges, hydraulic jacks,
pressure gauges, etc. [see Appendix]. All these instruments have been calibrated for accuracy by
the Central Organization for Standardization and Quality. Calibration sheets are attached to this
report. All fieldwork and records described herein. All field work and records described herein
are the responsibility of the pile contractor and the project owner, who oversees the contractor's
work at the site. Tests were conducted using a hydraulic jack, a 600 bar pressure gauge and two
dial gauges in accordance with the B.S. Standard Test Methods for Testing Deep Foundations
under Static Axial Compressive Loads.” The tests were conducted on April 14 and 15, 2024. A
continuous record was kept of the pile head displacement at each addition or removal of load
during the specified time period, graphs are provided in the Appendix.

3. Results and discussion

The total settlement was (1.64) mm at a load of (100) tons (working load) and the total
settlement was (6.46) mm at a load of (200) tons (equal to 200% of working load) in the second
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cycle, the final residual settlement for the second cycle was (1.62) mm, which is less than 50%
of the total settlement equal to (25.08%), The load vs. load plots of vertical pile head settlement,
time vs. pile vertical settlement and time vs. load are shown in the appendices.

Table 4. Applied load and final measured settlement

Applied Load (Tons)

0 0.00
20 0.37
40 0.62
60 0.90
80 1.28
100 1.64
120 2.25
140 2.87
160 3.70
180 4.94
200 6.46
150 6.28
100 5.29
50 3.88

0 1.62

4. Conclusion

By examining the load-settlement curves for the test pile and adopting criteria to ensure the
safety of the pile under the applied loads, it is found that:

- The test pile did not show any unnatural behavior in all phases of the test up to the
application of load (200) tons with an average total settlement of (6.46) mm, which is within
the allowable settlement limits and is approximately (1.29 %) of the pile diameter, which is less

than 10% of the pile diameter and the behavior of the test pile is shown in the Appendix.
Consequently, this tested unreinforced Franchi pile with a diameter of (0.50) cm is adequate
for the design load of (100) tons with a confident behavior.
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JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N22(147)/ 2024 105

TexHUKAIbIK FbIALIMOAD HCIHE MEXHO102UANAP CepUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



M.Nurgozhina, A.Zhussupbekov, D.W. Chang, D.Yu.Chunuyk

200 A

180 -

160 -

140 -

120 -

100 -

Loading Tons

80 -

60 -

20 A

0 1 1 1 1 1 1 T
0 10 20 30 40 50 60 70

Time *10 Min.

Figure 3. Loading versus time Figure

0.0 -
2.0 -

4.0

8.0 A

10.0 -

Settlement mm

12.0 -

14.0 -

16.0 -

18.0

20.0 1 T 1 T T T 1
0 10 20 30 40 50 60 70

Time ¥10 Min.

4. Settlement versus time

106

Ne22(147)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

Author contribution:

M.Nurgozhina - conceptualization, approving of final version, funding acquisition
A.Zhussupbekov - analysis, writing

D.W. Chang - interpretation of results

D.Yu.Chunuyk - data collection, critical review of content

References

1.Rad S.H., Ghareh S., Eslami A. Experimental and feld studies on the behavior of drilled displacement
piles // Innovative Infrastructure Solutions 6, Ne188 - Springer Nature Switzerland, 2021. -P. 1-11.doi.
org/10.1007/s41062-021-00557-2.

2. Basu P, Prezzi M., Basu D. Drilled Displacement Piles - Current Practice and Design // DFI Journal
The Journal of the Deep Foundations Institute . Hawthorne, USA, 2010. - P. 3-20.

3.Issakulov, A., Omarov, A., Zhussupbekov, A., Mussakhanova, S., Issakulov, B. Investigation of the
interaction of the bored micro pile by DDS (FDP) technology with the soil ground. International Journal
of GEOMATE, Vol. 24, Issue 105, 2023, pp. 11-17.

4.Yergen ASHKEY, Interaction of CFA bored piles with soil condition in Astana // A dissertation
submitted in partial fulfillment of the requirements for the degree of DOCTOR OF PHILOSOPHY (Ph.D.)
- Astana.: L.N. Gymileva ENU. -2008. - 52p.

5. Zhussupbekov A., Omarov A., Shakirova N., and Razueva D., Complex analysis of bored piles on
LRT construction site in Astana. Lecture Notes in Civil Engineering, Vol. 49, 2020, pp.461-471.

6.A.Zh. Zhusupbekov and Y. Ashkey, T.Zh. Seidmarova, R.K. Bazilov, D.0. Bazarbayev, A.A. Zhusupbekov.
“Geotechnical and Geodisaster problems in Kazakhstan”. Proceedings 4th International Conference on
Disaster Prevention and Rehabilitation, 2007, (Indonesia, Semarang), 28-40 pp.

7. Zhusupbekov A. Zh., Ashkey Y., Geotekhnicheskij monitoring i razrabotka peredovyh tekhnologij
ustrojstva svajnyh osnovanij zdanij i sooruzhenij v slozhnyh gruntovyh usloviyah Kazahstana s uchetom
trebovanij inzhenerno-geologicheskih izyskanij. Zaklyuchitel'nyj otchet o nauchno-issledovatel’skoj
rabote. NC NTI RK.- Astana, 2007.-62 s.- Inv. Ne0208RK0039.

8.Decourt, L. Behaviour of a CFA Pile in a Lateric Clay.Proceedings of the 4th International Geotechnical
Seminar on Deep Foundations on Bored and Auger Piles // BAP IV. Ghent, Belgium, 1993. - pp. 301-308.

9.A.B.Isakulov, A. Zh. Zhusupbekov, B.R. Isakulov, S. B. Iskakov. Topyrak massivinin DDS tekhnologiyasy
bojynsha ornatylgan byrgylanyp toltyrylgan kadalarymen ozara arekettesuin zertteu. Vestnik
evrazijskogo nacional’'nogo universiteta imeni L.N.Gumileva. Seriya tekhnicheskie nauki i tekhnologii,
Vol. Ne4, [ssue 141, 2022, pp.19-29.

10. Omarov A., Kuderin M., Zhussupbekov A., Kaliakin N., and Iskakov S., Vibration measurements at
a new monument in Nursultan city. International Journal of GEOMATE, Vol. 11. Issue 85, 2021, pp.24-
31 trebovanij inzhenerno-geologicheskih izyskanij. Zaklyuchitel'nyj otchet o nauchno-issledovatel’skoj
rabote. NC NTI RK.- Astana, 2007.-62 s.- Inv. Ne0208RK0039.

12. Decourt, L. Behaviour of a CFA Pile in a Lateric Clay.Proceedings of the 4th International
Geotechnical Seminar on Deep Foundations on Bored and Auger Piles // BAP IV. Ghent, Belgium, 1993.-
pp. 301-308.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N22(147)/ 2024 107
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



M.Nurgozhina, A.Zhussupbekov, D.W. Chang, D.Yu.Chunuyk

13. A.B. Isakulov, A.Zh. Zhusupbekov, B.R. Isakulov, S.B. Iskakov. Topyrak massivinin DDS
tekhnologiyasy bojynsha ornatylgan byrgylanyp toltyrylgan kadalarymen ozara arekettesuin zertteu.

Vestnik evrazijskogo nacional’'nogo universiteta imeni L.N.Gumileva. Seriya tekhnicheskie nauki I
tekhnologii, Vol. Ne4, Issue 141, 2022, pp.19-29

KymeitisimereH Franchi (B4350) Tonbipak apMaTypacbhiHbIH, KaJaCbIHbIH, CTATHKAaJbIK,
)KYKTeMe CBIHAFbI

M.Hyproxuna', A.)Kycyn6ekos’, /I.B. Yaur?, /1.10.YyHok?
JLH. I'ymunes amviHdarsl Eypasus yammeolk yHueepcumemi, Acmawna, Kasakcmau
?TamkaHe yHUsepcumemiHiy «A3amammulK Kypblabicy kagedpacwiHbiH npogdeccopbl, TatlisaHb
*Mackey memaekemmik Kypblivic yHusepcumemi, Mackey, Pecell Pedepayusicol

Angatna. Mukpo KaZajbl OypFblIay TEXHOJIOTHSACHI OYriHJe ipreTachl KAaTThl >XYKTeJreH
FAUMapaTTapZbl KalTa Kypy »kKoHe XeHJey YILUiH Wi KoJAaHbllaAbl. OpHAaTKaHHAaH KeHiH KajaJsap
OCbI XXYKTeMeHiH, 6ip 6eJirid anaasl. Oyap coHAal-aK KypbLIbIC ipreTacblHbIH, KOTEPrillTiK KabileTiH
YKOFapbLIaTYy YILiH 0J1apAblH YCTiHe }KOFapFbl KabaTTap ca/lblHFaHFa JeliH HeMece KOChIMIIA YKep acThl
KabaTTaphbl caJiblHFaHFa JieiiH naigasanbpliybsl MyMKiH. Kypzesi TonbeipakTel alMakTapAa FuMapaTTap
MeH KypbLIbICTap/bl cajly epekKlle xaFfai 601l Tabblaabl. 2KepacThl Tay-KeH *KYMbICTApPbIH XKYPrisy,
TONBIPAKTbIH Ka3blJIFaH KEHICTIKKe XbIXKYbI KoHe Kep OeTiH/e *Kbl/KbIMaJIbl HAyaHbIH Naija 60J1ybl
HOTIKECIH/le OChIH/ Al XKaFaalIap/ia caJblHFaH FUMapaTTap NaijanaHy Ke3iHze 6ipKeJsiKi eMec OThIpyFa
’KOHe KeJlJleHeH, AedopManus/apFa yiblpaibl. By >KyMbIcTa TONBIPAKThl HbIFANTyFa apHaJIFaH
apMaTypaJsian6araH ®paHku MUKpO KajacblHblH (B-4350) manasnblk CblHAaKTapbIHBIH HOTHXKeJepi
GepisreH. AJIbIHFAaH MbaJliMeTTepre cyleHe OTBIPbII, PEKOHCTPYKLHWAJAHFAaH FUMapaTTapAblH,
ipreTachblH HBIFAUTY YIIiH MUKPO KaAa/1apAbl aialaHy Ky pbLIbIC IBIFbIHAAPbBIH, eHOEK I bIFbIHAAPBIH
’KoHe KYpPbUIBIC YaKbITbIH KbICKAPTY/[bl KaMTaMacbl3 eTe/li »KoHe COHbIH, HOTHWXKeCiHJe O0JIapJblH,
Jlaycbl3 THIMALMITiH KepceTe/i Aen KOPbITBIH/ABI »KacayFa 60s1a/bl. ZKoaKThl ipreTactapibl HbIFAUTY
Ke3iHJile MUKpOKaJanapAbl KOJJaHy AICTYPJi apMaTypasblK xo6aMeH CalblCTbIpFaH/a KYPbIJIbICTBIH,
cMeTasbIK KYHbIH (8 %-Fa), HerisiHeH MalIMHa/apApl Nal/jajaHy KyYHbIHbIH TeMeHzeyiHe (46 %-Fa)
’KOHe KbICKapTyFa MYMKIiHJik Gepeni. eHOekakbiHbl (24%-Fa) Kypazbl, JereHMeH MaTepuaJajap
KYHBIHBIH, 6ipuiama ecyimeH (28%-fa), 6y e3iHAiK KyHHbBIH TOMeH/eyiHiH aJbl TeHJeHIUsIapbIH
6ipmama TeHecTipesi.

Ty¥iH ce3aep: )KaJlnbl ecell albIPbICY, ’KYK KOTEPTillITiri, CTaTUKaJbIK )KYKTE€MEHI CbIHAY, )KYKTeMeHi
peTTey

108 Ne22(147)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

HcnbiTaHUMe HeapMUPOBAHHOU rPyYHTOYKpenuTeabHOM cBau Franchi (B4350)
Ha CTaTMYECKYI0 Harpy3Ky

M.Hyproxuna!, A.JKycyn6ekos’, /1.B. Yaur?, /1.10.YyHok?
'Espasutickuill HQayuoHabHblli yHugepcumem umenu JIL.H. ['ymuneea, Acmarna, Kazaxcmau
2Tamkaneckuli ynusepcumem, TatieaHo
3Mockoeckuli 2ocydapcmeeHHblll cmpoumensHblll yHusepcumem, Mockea, Poccutickas ®edepayust

AnHoOTanus. TexHos10TMs OypeHHsI MUKPOCBal CeroiHA 4acTo NIPUMeHsSIeTCs [IPYU PeKOHCTPYKLIUHU U
peMoHTe 3JaHui, PyHIaMeHThbl KOTOPbIX CUJIbHO Harpy»eHsol. [locjie ycTaHOBKY CBaW NPUHUMAIOT Ha
ce6s 4yacTb 3TOM Harpysku. Mx Takxe MOXHO MCIOJIb30BaTh /JIsl NOBbILIEHUS Hecyllell ClIoCOOGHOCTH
byHAaMeHTOB 3/laHUM NepeJ] BO3BeJleHHEeM HaJ, HUMU BepXHHUX 3TaKel WM Iepej YCTPOMCTBOM
JIOTIOJIHUTE/IbHBIX MOJ3EMHBIX 3Taxkel. Ocobblil cilyyall — CTPOUTENBbCTBO 3[IaHUNA U COOPYXKeHUH
Ha TEPPUTOPUAX CO CJAOKHBIMU IPYHTAMM. 3[jaHUS, IOCTPOEHHbIE B TaKUX YCJOBUSAX, B pe3y/bTaTe
[0/I3eMHBIX TOPHBIX PAaboT, lepeMelleHusl TPYHTa B BbIpaboTaHHOEe NPOCTPAHCTBO U 06pa30BaHus Ha
IIOBEPXHOCTH IPYHTA CMellalollleli BaJMHbI, BIPOLiecce 3KCIJIyaTallu K [10/BePraloTCsi HepaBHOMEPHOH
0Cajike ¥ TOPU3OHTA/NbHBIM AedopManusM. B faHHOU cTaThe mpezcTaB/IeHbl Pe3y/bTaThl M0JIEBBIX
WCIIbITAaHUM HeapMUpPOBaHHOM MUKpocBau @pauku (B-4350) A apMupoBaHus rpyHTa. Ha ocHoBaHuu
IOJIY4YEeHHBIX [JaHHBIX MOXKHO CJeJaThb BBIBOJ|, YTO NpHMeEHeHHe MHUKpOCBAall [Ji apMHpPOBaHHUA
byH/IaMEHTOB PEKOHCTPYUMpYeMbIX 3JaHUU obecrneduBaeT CHUXKEHHUE 3aTpaT Ha CTPOUTEJILCTBO,
TpPyAO3aTpaT U CPOKOB CTPOUTEJBCTBA U, KaK CJefCTBHe, AEMOHCTPUPYET WX HEeOCIOPUMYIO
a¢dexkTuBHOCTh. [IprMeHeHHe MHUKpOCBal MNpPH aApPMUPOBAHUU JIEHTOYHBIX ¢QYHJAMEHTOB, IO
CpPaBHEHUIO C TPaJAULUOHHON KOHCTPYKLHUEHW apMHUpOBaHMUfA, [aeT CHUXKeHUEe CMeTHOW CTOMMOCTH
cTpouTesibcTBa (Ha 8 %), B OCHOBHOM 3a CYeT CHUXKeHUS 3aTpaT Ha 3KCIJIyaTalMio MallvH (Ha 46 %) u
CHM)KeHUs1 3apaboTHOU nmiaThl (Ha 24 %), XOTS U C HEKOTOPbIM yBeJIMYEHUEM CTOMMOCTHU MaTepUasoB
(Ha 28 %), YTO HECKOJIbKO HUBEJIUPYET 0011i1e TeHJeHLUY CHUKEHHU S U3/IepKeK.

KinroueBble cj10Ba: noJiHas 0cajika, Hecylas COCOGHOCTD, UCIIBITAHUE CTaTUYEeCKOW Harpy3Kow,
pacyeTHasi Harpys3ka.
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