Cmpoumenscmeo u apxumekmypa

YIK 625.1
1O.I1. CmonuH

COHpOTMBneHMe nec4yYaHbIX FPYHTOB CABUTy npu BO34eMCTBUM Bu6pau,vw|

B pspge cnyyaes, Haxo4sCb NoA BO3AeNCTBMEM BMOPALIMOHHBLIX Harpy3oK, rPYHTbI CHUXaKT CBOK NPOYHOCTb
3a CYeT CHMXeHWA conpoTtusnenns casury. MNpod. MN.J1. MBaHOB ycTaHOBMN OMbITHEIM MYTEM, YTO CHUXEHWE NMPOY-
HOCTW MecYaHbIX rPyHTOB 06yCNOBMNEHO ANHAMUYECKOWN COCTaBNSoLWEeN BUOpaLnoHHOro Bo3aencTans. Ho kak Teo-
peTnyecku onpeaenutb 3Ty AUHAaMUYECKY0 COCTaBMSIOLLYIO M MCMOMb30BaThb B MPAKTUKE NPOEKTUPOBaHNSA — HEN3-
BECTHO.

B craTbe packpblBaeTcs MeToAuKa TeopeTUHeckoro onpeaerneHns AMHaMUYeckor cocTaBnsioLwWwen, koTopas
CHWXaeT NPOYHOCTb NecYaHoro rpyHTa. [ns nccnegosaHusi 6bin UCNONb30BaH MENKO3ePHUCTLIN NECOK, OTCbINaH-
HbI B HACbINSIX Xene3HogopoXHon NuHnm CypryT — HukHeBapToBCK. B Hackinu 3amepsinucb napameTpbl koneba-
HWI OT BO3AEWCTBUS NOE3AHON Harpy3ku. [Ina 9Ton uenu B HacbinNb ObiNn ycTaHaBNeHbl 4aT4nkn BUbponepeme-
LeHns, BUOPOYCKOPeHMs 1 mecaosbl. [pn npoxoxaeHun noesfa Ha aHanoro-undposoi npeobpasosaTenb 3anu-
CbiBanMcb ocumnnorpammel konebanHnii. C NomoLLbio Mecao3 3aMepsnocb AaBfeHne B HacbIM OT MOABWMXHOIO
cocTasa. [laHHble NO3BONUIN HANTW PYHKLMIO AMHAMUYECKON COCTaBMsALLIEN, KOTopas AaeT BO3MOXHOCTb Npo-
rHO3MPOBaTb CHWXXEHME NPOYHOCTY NECHaHOro rPyHTa.

[Ins nonyyeHns BENUYUHbBI Yra BHYTPEHHEro TPEHUS OMbITHLIM NyTeM B NabopaTopHbIX YCNoBUsiX bbinv npo-
BeeHbl NCCNedoBaHNs NEeCKOB Ha cneLuanbHO U3roTOBNIEHHOM AN 3TOW Lenu AMHammnyeckoM 6e3biHepLMOHHOM
cTabunomeTpe, rae HepUMsl NpuknagbiBaemMblx Harpy3ok Ha obpaseLl, OTCYTCTBYeET (3T0 ObINO AOCTUTHYTO 3a cyeT
TOro, YTO BepTMKanbHas 1 bokoBas Harpy3ku cosgasanuck ruapoHacocamu). [inHamunka Ha obpasel, cosgasanach
npv nomoLum BnbpocteHga B3OC-100.

[Ins npoBeAeHNs OMbITOB MECOK OTOUpAaInCcs B Xene3HOAO0POXHON Hackinu, rae NPOBOAUMUCE 3aMepbl napa-
MeTpoB KorebaHuin OT BO3AENCTBNSA NOE3AHON Harpy3Kku.

B ctabunomeTpe cosgaBanunch BepTMKanbHoe 1 60KoBOE AaBneHUsl, COOTBETCTBYIOLLME HaMPSHKEHUSIM, KOTO-
pble MMenu MecTO B pearbHbIX YCMOBUSIX OT COOCTBEHHOrO Beca rpyHTa, BEPXHEro CTPOEHUS NyTW 1 NOe3HON
Harpy3ku. Mpu aTom 6okoBOE AaBneHVe NPUKNaabLIBanock M 0CTaBanock NOCTOSIHHBIM, @ BepTMKanbHoe AaBreHne
yBENUMYUBANoch C Of4HOBPEMEHHbIM BUOPOAMHaMNYECKMM BO3OeNCTBneM. B onbiTax MHTEHCMBHOCTL BUGpaLum no-
CTeneHHO yBenuymnBanach OT 3Ha4eHUI yckopeHui, pasHbix 0,19, 4o HeobxoanMbIx. Bpems Bubpauum npu Kaxxgom
pexume konebaHuii npuHrmanock 60 ¢. MIHTeHcMBHOCTL BUBpaLumin yBenuymMeanach 4o Tex nop, noka gedopmaums
obpasua He HaumHana pesko yBenuumeaTbCs. KpUTuyeckmm BO34eiNCTBMEM CHATANOCh TO, MPU KOTOPOM Hapylua-
nacb NMHenHas 3aBUCUMOCTb YCKOPeHUIA 1 aechopmauuin obpasua.

[Mo onbITHLIM AaHHBIM, CHUKEHWE YrTa BHYTPEHHEro TPeHWS Npy AMHaMUKe Ans necHaHbIX rPYHTOB COCTaBnseT
3°, T.e. OH yMeHbLuaeTcs NpUMepHo Ha 7 %.

KarwoueBble c10Ba: conpomueienue 2pyHmos coguzy, OUHAMUYECKAsl COCMABIAIOUAS. HOPMATbHOZ0
0aBIeHUsl, MENKO3EPHUCMbIL NECOK, OCYULIOZPAMMbL KONEOAHUL, AMIIUMYObL U YACTOMbL KOAEOAHUS,
MOOYIIb YAPY2OCIU SPYHMA, CKOPOCMb PACAPOCIMPAHEHUS. NPOOOIbHOU 80IHbL, OE3bIHEPYUOHHDLU CMA-
buromemp, uOpPOCmMeH0, UHOUKAMOP nepemMeuyeHull.

OMNBITH MOKA3bIBAIOT, YTO MPU BO3ICHCTBUU
BUOpAIlNU B TIECUaHBIX TPYHTAX MPOUCXOIUT CO-
MPOTHUBJICHUE TPYHTA CABHUTY, KOTOPOE CHUXKACT
ero mpo4yHOCTh. CHUHUTANOCH, YTO 3TO SIBICHUE
CBSI3aHO C TE€M, YTO IPH TUHAMHIKE YMEHBIIIAeTCS
yToJ BHYTPEHHETO TpeHUs rpyHTa [1, 2].

[IpoBenst OIBITHI IO UCCIIEOBAHUIO TIPOYHO-
CTH TIECYaHBIX TpyHTOB, npod. I1.JI. Banos [3]
MOKa3aJ1, YTO YTOJI BHYTPEHHETO TPEHHUS IPH BUO-
palyu OCTaeTcs MOCTOSHHBIM, a MEHSETCS JIUIIb
JUHAMHYECKash COCTABIAIONIAS HOPMAaJIHHOTO
napieHusi Ac. Torna cCHIKEHUE COMPOTUBIIEHUA
TIeCYaHbIX TPYHTOB cABHUTY 110 KynoHy MOoXHO 3a-
MUCaTh KaKk

T=(c—-Ao)tgo. (D)

[Tpu BUOpAIIMOHHOM UCTIBITAHUY TPYHTOB Ha
CIBUT TUHAMHUYECKYIO COCTABIISIONLYI0 HOPMaITb-
HOT'O JaBJICHHS OOBIYHO 3a7al0T U3MCHSIOIICHCS
[0 TapMOHUYECKOMY 3aKOHY BO BPEMCHHU f:

Ac =sin(2nt /T), 2)
rae T — nepron KoyieOaHHi.

Torma kacaTenbHbBIE HANIPSHKEHUS TPYHTA MPH
CIBUTE B MOMEHTHI BPEMEHH { MOXHO TIpeICTa-
BHUTh B BHJIC

t=[c xsin(2nt / T)]tg . 3)

C TeyeHWEeM BpPEMEHH ILIACTUYCCKUE II0-
JIBIDKKHM TPYHTa HaKaIUITMBAIOTCS, ITOATOMY IIpe-
JIETFHOE COCTOSHHE TPYHTa MOXKHO 3aIlucaTh
CJICTYIOIINM 00pa3oM:

T Ao
L= 1-—2|tgo. 4
o c

n n
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Ecnu BBECTH AMHAMMUYECKUN yrojl BHYTPEH-

. T
HEro TPEHUs, paBHbIA tg@, =—-, To Oyxem
c

n

HUMCTb

n

A
tgp, = 1- tg . Q)

n
®dopmyna (5) moka3bIBaeT, UYTO AWMHAMHUYE-
CKH yToJl BHYTPEHHETO TPEHUS HE SBISETCS T10-
CTOSTHHOM BEJTWYHMHOM, a 3aBUCUT OT OTHOIIICHUS

n

(puc. 1).

n

%

P I

Ny

Puc. 1. ConpoTHBIIeHNE TIECUaHBIX TPYHTOB CIBHUTY:
1 — nipu cratuke; 2 — IpU JUHAMHKE

[onarast, 4to oOTHOCHTENbHas AedOopMaLHs
rpyHTa MpU BHOpAaLMM MPOUCXOIUT B YCIOBHSX,
ONM3KMX K KOMIIPECCHOHHOMY CKATHIO, OITYYHM:

e, =p (6)

Ac,
EY“P
rae B — xod¢puIMeHT, onpeaesieMblii N3BECT-
HOU PopMyIoit
B=1-2v/(-v); N
Eynp — MOAYNB YIPYTrOCTH TPYHTA; V — KO3 PH-
uuedT [lyaccona.
B mmockoit mpomonbHONW BOJIHE KOjIcOaHMMA
nedopmarust TpyHTa OyJaeT MMeTh CIIeIyIOMInit
BH1 [4]:

e =K-2L(x—qct), ®)

rae K, L — napaMeTpbl BOJHBI:
K=8Af/c, )
L=8Af"/c’, (10)

rae A — aMuTyaa KonebaHui, MK; f — yacTtoTa
kosiebanuii, ['11; ¢ — CKOpOCTH pacpocTpaHeHUs
MPOIOJILHON BOJHBL.

[Ipupasuusas (6) u (8), momyynm

A
K-2L(x—ct)=p—z. (11)
E
ynp
B Beipaxenun (9) nmedopmarus TpyHTa
BHYTPH BOJIHBI M3MEHSIETCS 110 JIMHEHHOMY 3a-
KkoHy € =K Ha 3amHeM ¢poHTe U €, =—-K Ha

nepeaHeM (pOHTE BOJHBI, COOTBETCTBEHHO Me-
HseTcs U Ac,. Hanbounpiee ee 3Ha9eHHUE OTIpeie-
nsiercst GopMyIIon

1
Ac,=—E, K. (12)

p
Ioncrasmnss B (11) 3Hauenue muist K U3 BeIpa-
xeHus (9), momydanm
Ac, =8E  Af /Bc. (13)

3amucaHHbple aBTOPOM OCLMIIJIOTPAaMMBI KO-
neGaHuii IPU MPOXOXKICHUH MOE3]I0B B Pa3Iny-
HBIX TOYKAaX J>KEJIEe3HOAOPOKHON HACHIIH, CJIO-
JKEHHOW MENKMMH W TIBUIEBATHIMH TIECKaMH, IO
muann CypryT — HrxHEBapTOBCK, MOKa3bIBAIOT,
YTO KOJEOaHMs MPEACTABISIOT CIOKHBIA HECTa-
IIMOHAPHBIN TIpoITecc Koebanuit [5—8].

Amnamu3 1 00paboTka TaKUX OCIHIUIOTPaMM
MPOM3BOAMIIACK CIIeAyIoIKUM oOpa3oM. Ha Bbine-
JIEHHOM yYacTKEe OCIFJUIOIPaMMBbl JOCTATOYHON
JUTHHBI CHUMAJIUCh aMILTUTYABI B COOTBETCTBYIO-
e UM TIEpHOABI Kostebanuii. YacToTa BEIYUCIIS-
Jach Kak BeNWYHHA, oOpaTHas nepuoxay. Pesynb-
TaThl OMpPEIEICHHUSI N300paKaIUCh TpauIecKu.
Ha pwuc. 2 mpuBeneH oquH W3 MHOTOYHCICHHBIX
rpaduKOB, TOCTPOCHHBIX TAKUM 00pa3oM.

Ha pucynke BUIHO, 9TO BETUYHHBI aMIUTATY T
KoJIe0aHMs MMEIOT IUPOKUHN JUara3oH U TeHIeH-
[UI0 K YMEHBIICHNUIO 3HAYEHUH C yBETHYCHHUEM
YaCTOTHI.

PacueTHbIC MapaMeTpsl aMILTUTY]] B YaCTOTHI
KoJieOaHuil OBLIIH MOJTyYeHbI METOJIOM PETPECcCH-
OHHOTO aHanu3a. [ ycTaHOBJIEHUS perpeccun
OBUIO ONpeneNeHo, YTO HaWIy4IIMM o0pa3oMm
OIKCHIBACT 3aBUCHMOCTh aMILTUTY[ KOJeOaHUM
OT YaCTOTHI IKCTIOHEHIMANIbHAS (QYHKIIUS BUAA

A =4e", (14)
rae Ao — Ha4YaabHBIE aMIUIMTYIBI BEPTHKAIBHBIX
KoJIeOaHMI, MK; O — TapaMeTp 3aTyXaHUs aMILIN-
TyJ 1o 4yactote konebanuii, & = 0,032 c; f— va-
croTa kojiebanui, ['m.

VYuuteiBas (13), nnHaMU4eckass COCTaBIISIO-
mast Ac, OyaeT uMeTh BUJL

8E .
Ao, =—% Aoe_bjf, (15)
Be,
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Puc. 2. AMIINUTYTHO-9aCTOTHBIN CIIEKTP KOJcOAHMIA TPYHTA HACBIIU IO/ OCBIO Pelibca Ha YPOBHE OCHOBHOU
ronIa Ky (Harpyska Ha ock Barona 107 kH, ckopocts noesna 60 xm/4)

I7Ie ¢1 — CKOPOCTh PacIpOCTPaHEHUS MPOIOINb-
HBIX BOJIH B YIIPYTOH cpe/ie.
3HaYeHUE ¢ PACCUUTHIBAETCS TI0 POopMyIie

(I-v)E,,

A+v)(1-v)p’
/€ p — IIIOTHOCTB TPyHTA, T/M>.

U3 3Toro BBIpaKEHUS MOXKHO OIPEJICIHUTh
MaKCHUMAaJIBHYIO YacTOTY, TIPHU KOTOPOH 3HAYCHUE
Ao, O0yner makcuMmanbHBIM. C 3TOH I1eIBI0 Oe-
peTcst mponsBoHas Ac, 110 f:

(16)

Acn _ 8EY“P -5 1 _ _
Ve A4 (1-8)=0.  (17)

Otciona /= 1/6 = 32 'y (puc. 3), 4T0 paBHO
MaKCHMaJbHOMY 3HaUY€HHUIO YCKOPEHHH Kojeba-
HUil. B pe3ynbprare noiayunm BoIpaxeHue IS In-
HaMHUYECKOHN COCTaBIOIIENH AG,:

91,9
O ax = ﬂ (18)
Be,
%
Jo
20
L »---‘J/
10 \\-./ V}K
R
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Puc. 3. TIomUroHs! aMIUTATYT TTO YaCTOTE KOJIeOaHMI

Hcnons3ys Beipaskenne (16), MOKHO HCKITIO-
YUTH Eynp, ¥ TOT/IA TIOTYYHM IPOCTOE BEIPAKECHHE
I AGmax:

Ao, =91,94,pc,. (19)

Takum 00pazoM, AMHAMUYCCKHN Yrojl BHYT-
PEHHETO TPEHUS B paCUETHOM 001aCTH YCTOMIHBO-
CTH TIECYAHOTO 3EMIITHOTO TIOJIOTHA, HCIIONB3YS
hopmymy (1), 3arrmeM cemyromnmuM 0opa3oM:

T, = (0, =91,94,pc))tg¢. (20)
3HaueHne BeIMYMHBI MaKCUMAIbHON aMILIN-
TyIbl KONeOaHWA TPH JAMHAMHUYECKOM BO3JEH-
CTBUH Ha [TECYAHbIE TPYHTHI ONIPENEISIETCS OIBIT-
HBIM ITyTeM. ABTOPOM OBIIH TOJTYYEHBI MaKCH-
MaJbHBIE AMIUTUTYIbl KOJEOaHUI B TMECYaHBIX
JKEJIE3HOAOPOKHBIX HACKHITSIX MPH MPOXOKICHUH
moe3oB ¢ Harpy3koi 230 kH Ha ock co ckopo-
cthi0 90 kM/4 (puc. 4).

Omnpenenenrne CKOPOCTH PacCIpOCTPaHEHUS
YOPYTUX TIPOJOIBHBIX BOJH B TPYHTAX €1 OOBIYHO
MPOU3BOJIUTCS METOJIOM TII0JIEBOM ceiicMopas-
BEJKH, CEWCMOKapoTaka WM TPO3BYyYUBAHUS
TPYHTOB MEXIy CKBaXHHaMHu. B mabopaTtopHbIX
YCIIOBUSIX U3MEPEHUE CKOPOCTEH YITPYTHX BOJH B
oOpa3iax rpyHTOB MPOHU3BOJUTCS YJIbTPa3BYKO-
BbIM criocobom [9]. B TOCT 12248-2010 ume-
I0TCS TaOMUIBI CKOPOCTEH pPaclpOCTpPaHCHUS
YIPYTUX BOJH B pa3nuyHbIX rpyHTax [10].

PacueTHOe nmaBneHUE G, Ha OCHOBHYIO ILIO-
MIAJKY JKEJIE3HOAOPOKHOTO 3eMJIISTHOTO MOJIOTHA
ompezenseTcs 1mo cueayromniei Gopmye [11]:
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a, mmict

Puc. 4. Pacnipenenienne MakCUMaJIbHBIX BEPTUKAIbHBIX / ¥ TOPU3OHTANBHBIX 2 aMIUTUTY]l U YCKOPEHUIA
KoJieOaHUi B HACHITIH TIPY TIPOXOXKIACHUN TTOIBIYKHOTO COCTaBa

_TPoc

TR e2y)
TJI€ Pocs — PACUCTHAsI HArpy3ka Ha OCh MOJBUK-
HOTO0 cocTaBa, KH; / — myinHa pacyeTHOW e TUHUIIBI
cocraBa (BaroHa, TEILIOBO3a, 3JIEKTPOBO3a), M;
¢s — YIENbHOE JaBJIEHHWE BEPXHETO CTPOCHUS
MyTH Ha OCHOBHYIO TUTOMIAKY.

Ecnu 3agmatbest cpeiHel CKOPOCTBhIO pachpo-
CTpaHEHHS IPOJONBHBIX BOJIH I MEITKMX MECKOB
¢1 = 380 m/c, MIOTHOCTBIO (COTJIACHO OIBITHBEIM
narEbM) ¥ = 17,9 kH/M® 1 3amMepeHHOl aMIunTy-
Jor KoJyieOaHMii B ypOBHE OCHOBHOWM ILIOIIAIKH
(mpu cropoctr moe3mna 90 km/4) Ao =73 MK, TO,
MOJICTABIISISI 3TH 3Ha4YeHMs B opmyny (20), mo-
JTydaem

(¢

1, =(c,—2,3)tgo. (22)

Ilo OMBITHBIM NaHHBIM, YrOJ BHYTPEHHETO
TPEHUS] MEJIKO3EPHUCTOTO MeCKa MpH Ko PUIIH-
ente mopuctoctd e = 0,6 pased ¢ = 32°. Ilox-
cTaByssA ¢ B hopmyiny (22), moaydaeM yMeHbBIIIe-
HUE COMPOTHUBIICHUS CABHUTY 3a CUET AWHAMHUYE-
CKoil cocTaBisromnieit Ha 4 %.

1 BBISICHEHMS TOrO, B KakOoW Mepe JIHHa-
MHUKa OKa3bIBaeT BIUSIHHUE HA MPOYHOCTDH Iecya-
HBIX TPYHTOB, OBUIM TPOBENEHBI CHEIHATHHBIE
nmabopaToOpHBIE OIBITHI MO OIPENEICHHUIO YTIia
BHYTPEHHETO TPEHUS ITECKOB TPH CTATUYECKUX U
JUHAMHAYECKUX Harpyskax. [l ombeIToB mecku
OTOMpPANNCh B KEJIE3HOJOPOKHOW HACHIIH, TIE
MPOBOAWJINCH M3MEpPEHHs MapaMeTpoB Kojeba-
HUM TPYHTOB HACBINU OT BO3JIEUCTBUSA MOE3THOM
Harpy3Kku. VccnemoBaHys BHIIONHSUTACH HA CTICIH-
AJIFHO M3TOTOBJIEHHOM JJISl STOH LIeNH JrHHAMHYE-

CKOM O€3BIHEPITMOHHOM CTaOMIIOMETpe, T WHEp-
U TIPUKIIAIBIBAEMBIX Harpy30K Ha oOpaser] oT-
CYTCTBYET. DTO OBIJIO JOCTUTHYTO 32 CYET TOTO, UTO
BepTHKaJIbHAs W OOKOBasi HAarpy3KH CO3[aBaJIHCh
ruapoHacocamu. JlMHaMU4ecKoe BO3JICHCTBUE Ha
o0pasel] co3naBajiach MPH MOMOIIM BHOpOCTEHIa
B3C-100. [Nocne 3apsaku cTabUIOMETp JKECTKO
KpPENUIICS Ha CToJle BHOpocTeHaa. 3aTeM co3jia-
BaJINICh BEPTUKAITLHOE M OOKOBOE JTABIICHUS, COOT-
BETCTBYIOIIME HATPSDKEHHUSIM, KOTOPBIC MU Me-
CTO B PCATBHBIX YCIOBHUSX OT COOCTBEHHOIO Beca
TPYHTa, BEPXHETO CTPOCHUS IyTH W TOC3IHOM
Harpy3ku. [Ipu 3ToM OOKOBOE JaBIEHHE MPUKIIA-
JIBIBAJIOCh W OCTaBAJIOCh TMOCTOSHHBIM, a BEPTH-
KaJIbHOE JIABJICHUE YBEIMUYMBAIOCH C OJTHOBPEMEH-
HBIM BUOPOIMHAMUYECKIM BO3JICHCTBUCM.

Jedopmarus oOpasiia OT BEpPTHKAIBHOW
HArpy3Kd OCYIICCTBISIACH MHIUKATOPOM Tepe-
MEIICHUS YaCOBOTO TUIIA, COSTUHCHHEIM C ME/IU-
UUHCKO urioii. Mrina ynupanace depe3 oOpaser
B TIOPIICHb BEPTUKAJIHHOIO JaBICHHS CTaOWIIO-
MeTpa. [Ipu Bubparuu odpaser BepTUKAIBHO Jie-
(hopMHUpOBaCs, ¥ IO UHANKATOPY TEPEMEIICHUS
(DPUKCHPOBAJIUCH €r0 OCAIKH.

B onbiTax WHTEHCHBHOCTH BHOpAIIMHU MTOCTE-
MEHHO YBEJIMYMBAJIacCh OT 3HAUEHUW YCKOpEHUMH
0,1g mo HeoOXommmeIX. Bpems BuOpanuu mnpu
KKIIOM peXUME KoyieOaHui nmpuHuManock 60 c.
VHTeHCHBHOCTh BHOpaIdii yBEIMYHUBAIACh 10
TEX Top, MoKa nedopmarust oOpasiia He HaunHaIa
pe3Ko yBeaumuuBaThbcs. KpuTHueckuM BoO3jei-
CTBHEM CUHTAJIOCH TO, IPH KOTOPOM HapyIIajgach
TUHEHHAs 3aBUCUMOCTh YCKOPEHUH U aedopma-
it obpasma.
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Kax npu crarnyeckux, Tak ¥ Ipy AHHAMAYE-
CKHX Harpys3Kax HCCIIEZOBAJICS TPYHT MPH IUIOT-
HOCTH CyXOTo TpyHTa ps = 1,56 r/cm® 1 koddpdu-
nrenTe mopuctoctd e = 0,70. O6pazer OIBITHOTO
TpyHTa BHaYaJie 00KUMAJICS BCECTOPOHHUM JIaB-
nenueM, paBHbIM 20 klla, a 3aTeM pazpyrmancs
BO3PACTAIONINM OCEBBIM JAaBIIEHUEM IIPU ITOCTO-
STHHOM JIMHAMHUYECKOM BO3JICHCTBUM.

JuHaMuyeckoe BO3ICUCTBHE CO37aBaloOCh
npu gactote konedbanuit /=20 ['u u yckopeHun
a = 1,65 m/c*. T1o ONBITHBIM JaHHBIM, CHHYKCHHUE
yria BHYTPEHHETO TPEHUS MPH IUHAMUKE IS
TIECYAHBIX IPYHTOB COCTABIISET 3°, T.€. OH YMEHb-
maercs npuMepHo Ha 7 %.

Ot1MmeueHO, YTO BEJIMYMHA YIla BHYTPEHHErO
TPEHUs IIPU CTAOMIIOMETPUIECKUX UCTIBITAHHAX He-
CKOJIbKO OOJIbIlle, 4eM IPH HCHBITAaHUAX B YCIIO-
BUSIX IUIOCKOT'O Cpe3a Ha CIBUIOBOM IIPHOOPE.

Dopmyiy (20) MOKHO IPUMEHSATD JIJIST OTIPe-
JeJIeHUs] AMHAMUYECKOT0 yIJla BHYTPEHHEI O Tpe-
HUS U AJIs IpYruX OOBEKTOB, IZie OCHOBaHUEM
CIIy’KaT TIeCYaHble TPYHTHI U T/I€ 9TH TPYHTHI IO/~
BEPKEHbI TEXHOTCHHOW WJIM TEKTOHUYECKOH IH-
HamMHu4yecKkoi Harpyske. IIpu stom HeoOXoaumo
OTBITHBIM TYTEM OMNPEACIATH aMIUIUTYIbl WU
YCKOPEHUs KosieOaHuii, CKOpOCTH pacrpocTpaHe-
HUS MIPOAOJIBHBIX BOJIH B IPYHTE M 3HATh ACi-
CTBYIOIIYIO Harpy3Ky Ha OCHOBaHHUE.
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Yu.P. Smolin
Shear Strength of Sandy Soils under Vibratory Loads

In some cases, soils under vibratory loads lose their strength because of a reduced value of shear resistance.
In his experiments, Prof. P.L. Ivanov has found that the strength reduction in sandy soils was due to the dynamic
component of the vibratory action. However, the way in which this dynamic component could be determined
theoretically and used in practical design remained unknown.

The present paper describes a procedure for theoretical determination of a dynamic component acting to reduce
the strength of sandy soils. The study was performed using fine-sand specimens taken from Surgut-Nizhnevartovsk
railroad body. In the spoil bank, characteristics of train-load-induced vibrations were measured. To this end,
vibration displacement and acceleration sensors and earth pressure cells were installed in the spoil banks. During
the passage of a train, an analog-to-digital converter registered oscilloscopic traces of earth vibrations. With the
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help of earth pressure cells, the bank pressure due to the rolling stock was measured. The data gained have allowed
determination of a dynamic-component function permitting prognostication of sandy-soil strength reduction.

For experimental determination of the angle of internal friction under laboratory conditions, we carried out
tests on a specially designed lag-free dynamic stabilometer in which the loads applied to the sample were zero-
delay ones. The zero-lag property of the stabilometer was achieved due to the fact that both the vertical and lateral
loads in it were produced by hydraulic pumps. The dynamic loads applied to the sample were generated by a
VEDS-100 vibration testing machine.

In the tests, the sand specimens were taken from the railroad body in which characteristics of the vibrations
due to the train load were measured.

In the stabilometer, vertical and lateral pressures like those under real conditions due to the soil weight, the
track structure, and the train load were generated. In the tests, the applied lateral pressure remained fixed, whereas
the vertical pressure increased together with the concomitant vibratory dynamic action. The vibration intensity
gradually increased from acceleration values of 0.1g to some necessary values. In each vibratory regime, the
vibration duration was 60 s. The vibration intensity was increased until the deformation of the sample started
exhibiting a sharp growth. As the critical action, we adopted the action at which the linear dependence of the
accelerations and deformations in the sample was violated.

According to experimental data, the reduction in the angle of internal friction in sandy soils under dynamic
loads amounted to 3°, this value being approximately 7 % smaller than that without a vibratory load.

Key words: soil resistance to shear, dynamic component of normal pressure; fine sand,; vibration
oscillograms; vibration amplitudes and frequencies; soil’s modulus of elasticity, velocity of propagation of a

compressional wave; lag-free stabilometer; vibration testing machine; displacement indicator.
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