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Stabilization of a deformed road section using lime piles
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Abstract. The reasons for the occurring deforma-
tions of the only road connection between the Niso-
vo and Svalenik villages, Ruse district, and the re-
sults from the stabilization of the deformed section
have been described.

The road crosses a steep slope built of deluvial
loess. Horizontal and vertical displacements of the
soil base took place due to super-moistening of the
loess and to the presence of old underground pre-
mises in the slope under the road, leading to road
deformation and demolition of the retaining wall and
agricultural buildings.

On the basis of the engineering geological
exploration the decision was made to strengthen the
most strongly deformed road section with a length of
30 m by means of 2 rows of reinforced concrete piles
(1=10 m, d=0.20 m) united in a foundation frame,
and the rest 80 m of the deformed road — by means
of lime columns with a diameter of 0.25 m and a

length of 4 m placed at a distance of 1 m from each
other.

The effect of the stabilization with lime columns,
which has been applied for the first time in Bulgar-
ia for a road base, is described in the report. The
columns were built using an URB-2.5A drilling ma-
chine. Quicklime lumps were tamped into the bore-
holes by a stamping device. One month after the lime
pile preparation, samples were collected from the
soil between the piles, which proved that the water
content was reduced and the compression modulus
was increased twice. Changes have also been observed
in the plastic limits Ip and Ic. Further improvement
of the physical and mechanical properties of soil is
expected as a result of the interaction of lime with
the surrounding soil.

After the strengthening completion the road is
put into normal operation and no new deformations
have been observed in the section subjected to stabi-
lization with lime.

3a3zapaBsaBaHe Ha Ae(OPMHUPAH ITBTEH YUACTHK ¢ BAPOBU MUJIOTH

Mapuana Hedeauesa, Ilemko Crasos

BnBenenue

[IBTHUAT yyacThbK, YMATO OCHOBA € 3a3[paBeHa,
MpeMHUHaBa Ipe3 CTPbMEH CKJIOH U CBBbp3Ba ¢. Hu-
coBo u c¢. Cpanenuk. B ob6cera Ha nepopmupanus
YYaCTBK, CKJIOHET € IOKPUT OT JAeJyBUAJIEH JIbOC, C
nebemuHa § - 10 m. [Tox Hero 3aigraT 1OJTHOKPEIHA
BapoBunu. CKJIOHET € TepacupaH, KaTo B IeTaTa
HA OTKOCA Ca Pa3MOJIOKEHH XIWIUIIHA U CEJICKOC-
TOMAHCKU CTpajau. YKpeIleH € ¢ HOAMOpHA CTEHa.
3aj moanopHaTa CTeHa B 36MHHSI MACUB Ca OTKPU-
TH TPU XOPU30HTAIHHA HEYKPETIeH! CBOJECTH rajie-
pum (JTaMOBE), U3MOJI3BAHU HAKOTA KaTO CKJIaJOBH
noMerreHus. Hact OT TSX HOManaT MOJA HBETHOTO
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miatHo (¢ur. 1). ITo Hero nmpeau 3a3gpaBsiBaHETO
ce HaOMrOfaBaxa NMyKHATUHY U TIOHWKEHUsSI, HAPY-
IIaBalli HOpMaJHATa eKCIUIOATALNS Ha ITBTSL.

[IpeyBnaxxHsIBaHETO HA JbOCA B IBJIOOYMHA U
MPOMSIHATA B KOHCUCTEHIUATA My Ca MPUYMHA Ja
ce nehopmupa KkopoHata Ha oTkoca. [loBuienara
BJIAXHOCT HA 3€MHHUS MacHB BOJIU IO 3HAYUTEITHO
yBeJINYaBaHE Ha 3eMHHUS HATKCK U pa3pylllaBaHe Ha
crapara noAnopHa crena. [I[puunHa 3a npeyBiax-
HSIBAHETO Ca OOWJIHUTE BaJICXKU U JIUIICATa HA BO-
JIOOTBEX/IaHE HA MOBbPXHOCTHUTE CKJIOHOBU BOJIU
OT IIBTHOTO IJIATHO.
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®ur. 1. CxemaTrueH pa3pe3 Ha CKJIIOHA

TexHoorusi Ha 3a3/JpaBsABaHe

3a ocymaBaHe W yKpemBaHE HA YacT OT Aedopmu-
paHMs y4acTbK OT I'BTS Ca U3MOJI3BAHM BapOBHU
nUJI0THU (KOJIOHK). MeTOOBT ce M3M0JI3Ba 33 OCYIIIa-
BaHE UM YIUTBTHSBAaHE HA BOJOHACUTEHU 3€MHU OC-
HOBH, KaTO Pa3JIMYHU CJIy4au ca OnucaHu ot Tonoz
etal. (2003), Tsvtovich et al. (1971), Kitazume (1996),
Hwuarozos u ap. (1980). ¥ Hac To3u MeTO1 € MPHUITO-
JKEH YCIIEIIHO 32 YKpenBaHe Ha MPEOBJIAXKHEH XKII
nacun (Evstatiev et al., 1995). TexHonorusita ce
CBHCTOM B CJIEAHOTO. B cCOHmaxwu ¢ moaxosiia Abji0o-
YMHA C€ HACWIIBA U YILTETHSABA HeraceHa Bap. He-
raceHara Bap MpHU KOHTAaKT C BJIa)XHATa IMOYBa 3a-
mouBa ja ce racu. [Ipu raceHeTo Ha BapTa IO peKa-
nusita CaO+H,0=Ca(OH), ce ancopbupa Boga ot
MOYBaTa U Ce HOHWKABA HEMHOTO BOJHO ChIbpPIKa-
nue. [aceHeTo Ha BapTa € CUIIHO €K30TEPMHUYHA pe-
aKIusl, IPU KOSATO C€ OTIEJS FOJISIMO KOJIMYECTBO
TOIUTMHA U TemnepartypaTa goctura no Haxa 200° C
(Tsvtovich et al., 1971). ITpu Ta3u BUCOKa Temrepa-
Typa 4acT OT BOZJATa B [MOYBATa CE U3NAPSBA U Ha-
IMyCKa U3CYIIaBaHUTE yYacTblu. I3BECTHO €, ue 4acT
OT MOJIyYESHUS KAJIIUEB XUIPOOKCHI, CE JUCOLUUPA
Ca(OH),= Ca*™"+(OH), n kanuueBute onn Ca*™
MOCTENEeHHO MIPOHUKBAT B OKOJIHATA MOYBA U Ipa-
BST HEWHATa CTPYKTypa MO-MaJIKO IJIACTUYHA.
OOpa3yBaHMAT KaJIIIUEB XUIPOOKCHT € C TIO-TO-
JISM 00€M U pas3IlupsiBa COHAAXHUSA OTBOP, & TOBA
BO/JIY [0 YIUTETHSIBaHE HA TIOYBATa MEX/Y BADOBUTE
kosionu. Ciieq1 BpeMe B pe3yJiTaT Ha YaCTUYHA Kap-

OoHaTM3amMs HA BapTa B COHIAXa IO PEAKIMATA
Ca(OH),+H,C0O,=CaCO0,+2H,0, BapoBaTa K0JI0Ha
npuaO0UBa 3HAUYUTEITHA SKOCT.

B pasmiexxnanus yqacTbk (ur. 2) BapoBUTE K-
JIOTH ca Pa3MoJIOKEHH B [[Ba YCIOPEIHH pena, Ha
pascrosinue 1o 1,00 m Mexay TX 1 MeXAY MAIOTH-
te. uamMeTspsr HA coHmaxuTe € 0,25 m, a TbJKH-
Hata uM € 1o 4,00 m. M3nbiaHeHu ca ¢ MOTOpHA
corna YPB-2A. BuB Bcexu COHIAX MOCIIEN0BATEN-
HO Ce HacuIiBa HeraceHa Bap (Ha Oymu ¢ pasmep
0KO0JI0 4—5 cm) KaTo ce YIUTBTHABA MocjioiHo ¢ 200
KwJiorpamMoBa Tpam0oBka 110 0,5 m OT MOBBPXHOCT-
Ta. OT yILUTBTHSIBAHETO U XUAPATUPAHETO HA BapTa
00eMBT Ha KOJIOHUTE C€ yBEIUYaBa 3HAUUTEIHO.
BcenenctBue oTaesIHETO HA TOILIMHA ce HaOroa-
BaT BOJIHU Hapu Hajx coHpaxure. [1o moBbpxHOCT-
Ta Ha TepeHa ce oOpas3yBaT paJuaiHd MyKHATUHU
OKOJIO BapOBUS IMIJIOT, OTBOPEHH 10 2—3 cm. I bJ1-
JKWHATa Ha MyKHaTUHUTE goctura 10 35—40 cm (ot
Kpasi Ha BapOBHS MUJIOT).

B 6mu3oct 10 y4acTbka ¢ BApOBY MUJIOTH € Ha-
MIPaBEHO YKPEIBAaHE ChC CTOMAHOOETOHHM BUCSIITN
nwiotu. Ha nBe Mecra ce HabnrogaBat nehopmanu
OT CJISTaHe BCJIEACTBUE M3TIACKBaHE (KOJOBO3M).
TakuBa nedopManuu He ce HaOIIOAABAT B yYacCThb-
Ka, YKpEIleH C BapOBH NMUJIOTH.

Pe3y.11TaTI/I OT KOHTPOJIHA U3CJICABAHUA

3a ycTaHOBsiBaHE Ha e(eKTa OT M3MOJI3BAHETO Ha
BapOBUTE MIJIOTHU Ca MPOBEIEHH JIAOOPATOPHU U3-
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CIIeABaHUS MPENN U CJIe U3IIbJIHEHNETO UM. [1po-
OuTe 3a M3CIEABAHE Ca B3ETH B CpeIaTa MEXIY de-
THPY BapOBH MIJIOTA, KBIETO CE OYakBa eexra ot
JIEUCTBUETO UM Ja € Hal-MarbK. [IpoBepeHuTE Xa-
PaKTEPUCTHUKH Ca TPAHWIN HA ILUIACTUYHOCT, KOM-
npecroHeH MoAya (¢wur. 3), Gu3NIHN MOKa3aTeNH.
B pesynraT Ha OCyIIaBaHETO KOMITPECHOHHUS MO-
JIyJI Ha 3eMHOTO Jierio e yBeamdeH oT 1,8 MPa Ha 3,3
MPa npu BepTukanex Tosap 2,2 MPa.

N3Boan

AHanmM3upaiky U3BBPIICHOTO 3a3ApaBsiBaHe W Ha-
OJTFONIEHMSITA OT EKCIUIOATAIMSTA Ha ITBTHUS Y9aCThK
JI0 MOMEHTA, CE YCTAaHOBSBA CIIETHOTO:

— METOABT HA 3a3ApaBsiBaHe C BAPOBU MUJIOTHU
€ TOAXOASII ¥ IEPCIEKTUBEH 3a CTA0MIN3NpaHe Ha
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