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PE3IOME

anI M3NbJIHEHWETO Ha CTPOUTENHU AMNU, 0cobeHo npu no-ronemun ObN6OYMHN Ha M3KOMKTE, YECTO Ce Hanara yKpenaBaHe Ha OTKOCUTE. ToBa cTaBa Nno M3BECTHM
TEXHOJI0MK, KaTo LWKUNOLBK CTEHW, NUIIOTK, LINYHTOBK Orpadun u ap. B nocnegHuTe roguHu ce NPaKkTUKyBa W Opyr BUA yKpeneaHe, KOITO ce CbCToM B 3abuBaHe Ha
OTKOCWTE Ha CTOMaHeHM NPBbYKK Ha onpedeneHn pasctosaHUA U C onpedeneHy ObimkKuHN. I'Ionyqaaa Ce yCnoBHa noanopHa CTeHa OT eCTeCTBeHa apMupaHa no4ea,
KOATO MOXe Aa OCUrypu 3HAYUTENHN ObNO0YMHN Ha U3KonuTe npy BEPTUKANHK N cnabo HaKIMOHEHM OTKOCH. TeOpVIﬂTa 3a onpefendHe Ha ctatu4yeckata cxema Ha
CTeHuTe ce 6a3mpa Ha TeopusATa Ha 3eMHUSI HAaTUCK, HO C M3MEHEHWs, OTYMTALLM CneuudmkaTa Ha B3aMMOAENCTBME Ha CTEHUTE OT apMupaHa noysa 1 OKOMHWS
MacuB. C'bLU'eCTBeHaTa YacT 0T Te3n U3MeHeHUA € BKINYBaHEeTO Ha KOXesunsTa, KOATO CbLleCTByBa MeXAy noysarta OT CTeHUTe W OCTaHanus No4YBeH MacuB. Tosa
B3aMMOENCTBUE He Ce OTYMUTA OT Knacuyeckarta Teopus Ha Coulomb v Bogn go YyBCTBUTENHO HaMasneHue Ha HaTucKka OT noYBaTa O CTOMHOCT, KOSITO MOXeE Aa ce
noeme OT CTEHUTE OT apmupaHa noysa. B cTatusTa ce faBat npegnocTaBkuTe W METOAMTE 3a OnpefensiHe Ha KOpUrupaHuTe CTOMHOCTU Ha 3eMHUS HAaTUCK NpY TO3K

TUN CTEHU M 0coBeHOCTH Npn TAXHOTO U3NbIHEHKE.

Mpu M3MBIHEHWETO Ha CTPOUTENHUTE W3KOMM, OCOBEHO Mpu
no-ronemu AbnBGOYMHM Ha W3KOMUTE, He BMHArW MoraT Aa ce
W3MbMHABAT OTKOCK C HAKMOHM, OTFOBapSLM Ha U3UCKBaHWSATA
Ha reoTexHukata. ToBa Baxu 0COBEHO MU CTPOMTENCTBOTO B
3aCTpoeHaTa rpaAcka 4acT, KbAETO ChLUeCTByBaT peauua
OrpaHUYMTENHM YCIIOBHS,, NOpAaM HamMynMeTo B HEMOCPeacT-
BEHa GnM30CT Ha MbTULLA, NOA3EMHI KOMYHUKALMK, KaTo BuK
MpEXH, enekTpuyecky n TenedoHHu kabenwu u ap. EoHo ot
W3MCKBaHWSITA €, 4a He Ce HapyLUaBa TPAHCTIOPTHUSIT W U3HEH
radgvk B GNM30CT Ha CTPOUTENHWUTE yyacTbUyM. BbB BCUuKM
TE3W Cryyail Cce Hanara ykpenssaHe Ha OTKOCUTE Ha

120-400cm

CTPOMTENHUTE M3KOMW, OCOBEHO B CyyauTe Ha CPaBHUTENHO
ObnboKM KOTMOBaHW. ToBa CTaBa MO M3BECTHU TEXHOMOMMM,
KaTo LUMMLOBM CTEHW, NMNOTW /OBUKHOBEHO COHAaXHM/ Kbcu
nacuBHM WK ABLNOOKM NpeaBapUTENHO HaMperHaTy aHKepw,
LUNYHTOBM Orpagu v ap. B nocnegHuTe rognHu ce npakTukysa
W ApYr BWO YKpensiBaHe, KOWTO Ce CbCTOM B 3abuBaHe B
OTKOCUTE Ha CTOMaHEHU NPBYKK Ha OnpeaerieHn pasCTosHUS U
c onpegeneHn ObmxuHu ( dur. 1). TNonyyaBa ce ycnoBHa
noamnopHa CTeHa OT eCTeCTBEHA apMMpaHa MoYBa, KOSTO MOXe
[a OCUTYpW 3HauMTENHW AbNOOYMHM Ha  M3KomUTe Npu
BEPTUKANHN UK Cr1abo HaKMOHEHW OTKOCH.

TOpEDET

CTOM. FTpea

CTONAH & HEL ITEE SFE

OEHD HIEOID

DeT. 1

TeopuATa 3a onpefensHe Ha cTaTuyeckata Cxema Ha
TakMBa CTEHM OT apMupaHa noyBa B ECTECTBEHO CBCTOSHME,
ce Gasupa Ha TeopusiTa Ha 3eMHUS HAaTUCK, HO C U3MEHeHNs,
oTuMTalLM crieumdmkaTa Ha B3AMMOAENCTBME HA CTEHUTE OT
apMupaHa no4ea M OKOMHWs MacuB. CblUeCTBeHaTa 4acT o1
TE3U W3MEHEeHWsl e BKIIOYBAHETO HA KOXe3usiTa, KOsTO
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IIOXITOPHa CTEHA OT
e TeCTESHA aDMEDAHa II0HEA

CbLUECTBYBA MEXOy MOYBaTa OT Taka W3MbIIHEHUTE CTEHU W
OCTaHanus MoYyBeEH MacuB. TOBa B3aWMOAENCTBME HE Ce
oT4MTa B Knacuyeckute Teopun Ha Coulomb u Bogm go
UyBCTBWTENHO HaMamneHWe Ha HaTucka OT nouyeata fo
CTOMHOCT, KOSITO MOXe Aa Ce MOeMe OT CTEHUTE OT apMupaH
noyea.



Monosa W. MOLAINOPHM CTEHN OT ECTECTBEHA APMUPAHA IOYBA

B knacuyeckata Teopusl Ha 3eMHUS HATUCK, KOSITO €
cbagageHa ot Coulomb (1773), npu npegnocTaBku, KOUTO ca
LMTMPaHN JOCTaTbYHO B CreLManHata nurepatypa, (noysarta
€ e[HOpOAHa MO OTHOWEHWe Ha 0BEMHOTO CY TErmo U brbna
Ha BBLTPELUHO TPUEHE, 3eMHWAT HAaTUCK Ce nonyyasa npu
NNb3raHeTo Ha NOYBEH KNH NO paBHWHA, NPeoaoNABaHETO Ha

SIKOCTTAa Ha Cpsi3BaHe CTaBa €OHOBPEMEHHO No Lsnata
MOBBbPXHWHA Ha paspyLlaBaHe v noysata € be3 koxeausi) (cwr.
2'), 3eMHVSIT HAaTUCK Ce nonyyasa oT 3aBucumocTTa [1]:

- GSin(Ua_¢)
Csin(0+d+ 0 -, 0

BH+d+p—u,

dr. 2 ForcmrremHa cXebia 1a DOpEEMEHE Ha AN THBHEIIT 3EMEH HATHIK

3HaYeHNeTO Ha OTAENHUTE BENWYMHW € MOKA3aHo Ha
curypara.

EQWH 0T 0CHOBHUTE BBNPOCKU € CBBbP3aH C ONpeaensHeTo Ha
brbfla Ha HaKfoHa Ha npbaraTenHata NoBbpXHUHA - V, B
TeopusiTa Ha TO3M BIbN Ce Onpeaens OT YCMOBMETO 3a
nonyyaBaHe Ha MaKcuUMariHa CTOMHOCT Ha aKTUBHWS 3eMeH
HaTUCK, KOETO e ENeMEeHT OT TeopusTa 3a MakcUMyMm Ha
dyHkumsTa. Cnep paspaboTka, ce nomnyyaBa CTOAHOCT Ha
Brbfa V,. T8 NpeAcTaBnsBa CNoXHa (yHKUMA Ha brbna Ha
HaKMOHa Ha TepeHa, HaKMoHa Ha CTeHaTa, brbra Ha BbTPELLHO
TpUEHe Ha noyBaTa M brbfa Ha TPUEHe Mexay CTeHaT W
noysarta [1]. Cnep 3amecTBaHe Ha NonyyeHaTa CTOMHOCT Ha V,
BbB hopmyna (1), ce monyyaBa OKOHYaTENHa CTOMHOCT Ha
3eMHUsA HaTUCK E..

MMpu opasmepsiBaHe Ha NOAMOPHN KOHCTPYKLWM Ha AbNBOKM
M3KOMW, W3pasuTe Ce OnpocTaABaT, KaTo Cce Mnpuema
XOPWH3OHTaNEeH TepeH W BepTUKanHa 3agHa CTeHa Ha
MnoanopHoTO ckopaxenne - a=0, O=172. B no-TouHuTE
M34MCIIEHMS Ce BKIIOYBA U bIba Ha TPUEHE MeXay CTeHaTa U
noyeata - O, a Npu HSKOM No-CneLyantmn cryvai — U HaknoHa
Ha 3a[HWS Kpaii Ha cTeHaTa B#T12. B aHanuTn4HUTe 13pasm 3a
XOpU30HTaNHaTa KOMMOHEHTA Ha aKTUBWS 3eMeH HaTuck, ce
u3nonsea opmynara :

E.= thy H? (2)

KbgeTto: y e cpegHoto oBemHO Terno Ha noysata B
MOYBEHWS KMWH, KOWTO Ce Mnnb3ra N0 nmb3ratenHara
NOBBPXHWHA, H € BUCOUMHaTa Ha cTeHaTa, a K, e koeduumeHT
Ha CTpaHWyHWsa 3emeH HaTuck. K, ce onpegens no dopmynu,
[afeHu B CneuanHaTa nutepartypa, Hanpumep [1].

B 0BuKHOBEHMTE Cryyan BKMKOYBAHETO HA TPUEHETO MeXay
noysata ¥ CTeHaTa MOXe Aa [oBede A0 HamareHue Ha
3eMHus Hatuck ¢ 20 1 noseye npoueHTa. AKO TOBa TpUeEHE,
KaKTO 1 BMMSHWETO HA HaKMOHA Ha 3a[HMs Kpal Ha CTeHaT ce
npeHebperHat, Kakto OOMKHOBEHO € B CTpOMTenHaTa
npakTuka, opmynara 3a onpefensHe Ha koeduuueHta Ha
CTPaHWYHUSA 3eMEH HaTUCK Ce OMpoCTsBa OLWe W nonydasa
Knacuyeckn Bua OT PaHKMHOBOTO MUHMMANHO HanperHato
CbCTOSHME:

N =

K, = tg?4s- L0 (3)
0 0

BbB BCHYKM MOCOYEHM cbopmynM, KOXe3uaTa He ydacrBsa.
HellHOoTO BnMsHME Cce oTuuTa CbllO Ha OCHOBaTa Ha
PaHKMHOBOTO HanperHaTo CbCTOAHWE, KaTo OT AnarpaMarta Ha
3EMHNA HAaTUCK Ce Baau NOCTOAHHATA CKOPOCT P.:

P, = 2¢K, 2

Koxesusita, BbNpeky CBOSiTAa HEMOCTOSIHHA CTOMHOCT, OKasga
3HAYUTENHO BNMSIHWE BbPXY 3EMHUS HATUCK M TOBA CreABa fa
Ce 0T4nTa, 0COBEHO MpU BPEMEHHUTE CLOPBKEHUS, KaKBUTO
NpeacTaBnsiBaT YKPENUTENHUTE KOHCPYKUMW Ha [gbnbokute
W3KOMW, Thil KAaTO Cried U3rpaxaaHe Ha NoA3eMHaTa YacT Ha
Ccrpagute, TAXHOTO C'b,qu7ICTBI/Ie B CTaTM4yeckata CxemMa Ha
crpagata obukHOBEHO ce npeHebpersa. KoxesusaTa maxe ga
Ce OTYETE AMPEKTHO B CTOAHOCTUTE HA 3EMHWSI HATMCK, KaTo
HEMHOTO CbOENCTBME CE BKIMIOYM OMPEKTHO B Nitb3raTeniHata
MOBbPXHWHA HA MOYBEHMS KIWH. Mpu NOLMOPHWTE CTEHM OT
€CTeCTBeHa NnoyBa 0bave, BNMSHUETO Ha Koxeausita Maxe fa
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ce OTyeTe W Mpu B3aUMOLENCTBMETO Mexay CTeHatra U
noyBaTa, Thil KaTo NPM Te3N CTEHM, NOPaAM TAXHOTO ECTECTBO,
BMHaru CblLecTByBa CLENNeHNe Mexay ycroBHaTa noanopHa
CTEHa OT NoYBa W OCTaHanMs noyYBeH Macus. 3a Aa ce oT4eTe
TOBa BNUSHUE, Ce pasrnexna CUnoBus TPUBLIBAHWUK OT ur.2.
EekTbT OT HaKMoHSBaHETO 3eMHMS HaTUCK MOA brbfia Ha
TPMeHe Mexgy noyeata M CTeHaT MOxXe fda Cce OoTyeTe
NpubnusuTENHO OT urypaTa, KaTo HEroBUs BEKTOp Ce
nocTaBu Xopu3oHTaneH. [pu nonoxeHue, Ye ce BKKOYM U
[EeNCTBMETO Ha KOXe3usiTa, KOeTO He Ce MpaBelle [0 cera, B
CUMOBWS TPMBIBIHUK CieABa Aa Ce BKMIUM OLTe efHa cuna,
KOSTO NpUBNM3NTENHO € BepTUKarnHa W 3a eauH NIMHEEH METLP
OT JbITXMHATa Ha CTeHaTa MMa CTOMHOCT:

C=cH (5)

KbAeTo C e CTOMHOCTTa Ha Koxeausita, a H e BucounHaTa Ha
CTeHaTta. BkniouBaHeTo Ha cunata C MOxe [fa CraHe
€[HO3HAYHO, Tbil kaTo HanpaBneHuMeTo Ha cunata R e
M3BECTHO, KAaKTO € M3BECTHO W HanpaBneHMETO Ha cunaTta Ha
3eMHus HaTtuck E,. Cnen otumtaHeto Ha cunata C, cunosusT
MOMUIoH MMa BuAa, nokasaH Ha ¢ur.3. OueBMaHO, ToBa BOAM
[0 3HAYNTENHO HamansiBaHe Ha 3eMHWS HAaTUCK W C TOBa CTaBa
obsicHMMo, kak cTenu ¢ aebena 1,2 oo 2,0m morat ga abpxar
BEPTMKAIHW OTKOCYH C BUCOYMHA A0 7 — 8 m.

{=H.c

15

$wr. 3

OnpepensHeTo Ha HoBaTa KOpUrMpaHa CTOMHACT Ha 3eMHNS
HaTUCK Maxe [a CTaHe Nno obLMTE 3aBUCUMOCTU W1 BENMYMHY,
M3BECTHM OT Knacuyeckute pelleHus. Kato ce wu3nonsea
ycrnosueTo, e cunute G u C ca ycrnopegHW, ako 3agHuTe
YaCTM SHa CTeHUTe Ca BepTMKanHU W NpUBNIN3MTENHO
YCMOpPeAH B OCTaHanuTe Cryyai, MOxe Aa ce u3nonssar
3aBMCUMOCTUTE  OT NOZOBHMTE TPWUBIBIHALM MOCOYEHN Ha
¢ur.3. Ternoto Ha noyseHaTa npuama G ce onpegens NecHo,
KaTo Ce 3Hae ®brbrla Ha HaknoHa Ha nrb3ratenHara
NOBBPXHNHA. 3HaYEHMeTO Ha 3EMHMS HaTUCK Cbllo ce
onpeaens no knacuyecku metoau. KopurupaHata CTOMHOCT Ha
3EMHWS1 HATUCK C OTYUTAHE Ha AEUCTBMETO Ha KOXe3usiTa Ha

rnoysata B 3aAHaTa MOBBLPXHOCT Ha rouseHata creHa E. ce
OMpeqens T PaBeHCTBOTO:

cH_E,-Ec
G R )

Wnwn siBeH BKa, 3HAaYeHMETO Ha E. Moxe fa ce onpegenu ot
¢opmynarta:

Ec = Eagl— %@ 7

B cbkpaTeH Bug, hopmynaTa MOXe fa Ce NPesCcTaBi BbB
BUAA:

Ec=E. K. (8)

kboeto K. moxe fa ce onpegenyu Kato KoeduUMEHT Ha
HaMmarneHue Ha 3eMHUS HaTUCK C OTYMTaHe Ha KOXeawsita
MeXOy CTeHaTa OT apmupaHa moysa M MpuUnIexawys TEpeH.
Tosn koeduumeHT e BuHarn noImambk OT  eguHuua.
JombnHuTenHo ycnosue e, ye .H<G.

®opmynata Baxu 3a BCAKAKBI Cry4an Ha 38MeH HaTUCK, Npu
NPOM3BONHA CTOMHOCTM Ha BEMMYWHUTE, BRM3AWM BbB
topmynuTe 3a HeroBoTo onpegenexue. OctaBa npobrnemeH
BbMNPOCHT 3a [AONbIHUTENHOTO BKMKOYBaHE Ha KOXe3uATta,
CbMMacHO NOCTAaHOBKUTE Ha PaHKI/IH, C WU3BaXJaHeTo OT
puarpamata Ha 3eMHMsi HaTUCK Ha CTOMHoCTTa P,
onpegeneHa no dopmyna (4). Hamupame TOBa 3a
apryMeHTMpaHO Ha ChbllaTa OCHOBA, Ha KOSTO TOBa Ce Mpasy,
HE3aBMCUMO OT OTYMTAHETO Ha brbria Ha TPUEHE Mexay
noysaTta 4 NoarnopHaTa cTeHa.

EchekTsT 0T M3NON3BAHETO Ha KOXe3nsTa Mexay NoYBEHUS
MacumB ¥ CTeHaTa OT eCTECTBEHA apMupaHa noYBa MOXe NIeCHO
Ja ce onpefenu, kato ce npueme Hait-4ecTo U3MNON3BaHNA B
npakTukata Ha PaHKMHOB Criyyai 3a onpefensHe Ha 3eMHWS
HaTUCK MpW yCrioBue, Ye 3afHUs Kpal Ha CTeHata e
BEpTMKaneH, TepeHa € XOPW3OHTamneH W brbra Ha TpUeHe
Mexgy nousata u creHata 0 = 0. ToraBa nnb3ratenHara
MOBBbPXHMHA Ha MOYBEHMS KNUH € HaKIMOHEHA KbM XOPU30HTa

NnoAa brbS1 U a - %“' % , TErNOTO Ha noveBeHata npusma e
G= 1720yl - L 9)
04 2

W akTMBHUAT 3eMeH HaTuck E, ce onpegens no opmynata
m_¢
E, = 1/2yH2g208 - 4]
a yRotg 14 20 (10)

KoeuumeHTbT Ha HamaneHue Ha 3eMHUS  HaTUCK,
BCMEACTBME Ha KOXe3nsaTa Mexay CTeHaTa 1 noysara CTaBa:

2c

yHtgzgz_'sz (1)
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YucneH npumep:
[a ce onpegen 3eMHWs HAaTUCK BbPXY CTeHa OT apMupaHa
€CTECTBEHA NMOYBA NPW CREAHUTE AaHHN:

[ObnbounHa Ha n3kona (BUCOYMHA Ha OTkoca) H=6 m
‘bron Ha BLTPELLHO TPUEHe Ha noyBaTa $=22°
Koxeans Ha nousata c=15 kPa
Ob6emHo Terno Ha noysata y=20 kN/m?

3eMHusT HaTUCK, onpeaeneH no Knacu4eckna HavuH e:
E, = 1/2.20.62tg2§45— %E 163,79 kN/m

KOG(*)I/ILMGHT Ha HamaneHue Ha 3eMHUA HaTUCK, BCneacTene
OTYUTAHETO Ha KOXe3uAaTa Mexdy noysaHa u CTeHarta:

2.1
K, =1- >

57 048
20.6.tg2H45- 225
0 210

KopuripaHata CTONHOCT Ha 3EMHUS HAaTUCK e:

Mpenopvyaxa 3a nybnukysaHe om
kamedpa “Xudpozeonoaus u uHxeHepHa aeonoeus”, [TIO

E.=163,79.0,45=73,7 kN/m

HamaneHneto Ha 3eMHMs HaTuck e ¢ 55 %, KkoeTo e
3HaYUTEITHO.

Mpu pgpyrv cnyyan TOBa HamaneHue Maxe Aa 6bge
PasfnMYHo, HO Ha-4eCTO — 3HAYMTENHO, KAaKTO Ce BuXaa W OT
yncneHns npumep. BbB BCMukM criyyan npu o pelleHusTa
TpsibBa fOa ce mnpoueaupa BHUMATENHO, CbC  3AHWKEHM
CTOWHOCTW Ha Koxe3usTa, HanpuMep Ao 2-2,5 mbTu, 3a Aa Hece
nomny4Yyu OPacTUYHO M HepearHo 3HayeHue Ha KopurapaHust
3eMEH HaTUCK, BbMpEeKM MpaBuUNHaTa MOCTAHOBKA Ha
TEOPETUYHOTO pELLEHNE.

Crep onpenensHeTo Ha kopuripaHaTa CTOMHOCT Ha 3eMHUS
HaTUCK, MpU Opa3MepsiBaHETO Ha nognopHaTa CTeHa ce
npoLeaunpa, KakTo W NpW oCTaHanuTe CTeHW, C onpeaensiHe Ha
puarpamaTta Ha 3eMHWSt HaTWUCK, HamaneHuWe BCMEACTBUE
[ECTBNETO HA KOXE3WSITa — PaHKMHOBMUS CIyval N NPOBEpKY
Ha CTeHaTa 3a HampeXeHust B OCHOBHATa MNOCKOCT, NiTb3raHe
1 oOpblUaHe.
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REINFORCED WALLS OF NATURAL REINFORCED SOIL

Ina Popova

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria

ABSTRACT

When excavations are picked, especially in more depth excavations, often is necessary to reinforce the slopes. The well known technologies are applied — slurry
walls, pilots, sheets, etc. In recent years another type reinforcement is being used, which consist in driving the steal rods in slopes at definite angle on determined
intervals and with determined lengths. A result is a conditional reinforced wall of natural reinforced soil, which can provide considerable depths of excavations in
vertical or low-pitched slopes. The theory of determination of static diagram of the walls is based on the theory of earth pressure, but with alternations that admit the
specific of interaction between walls of reinforced soil and surrounding massif. The most important part of these alternations is inclusion of cohesion between soil of
the wall and soil massif. This interaction is not considered in classical theory of Coulomb and leads to considerable reduction of soil pressure to values, that could be
taken by the walls of reinforced soil. Assumptions and methods of determination of corrected values of earth pressure in such type walls and peculiarities of their

accomplishment are given in the report.

When excavations are picked, especially excavations with
greater depth, it is not always possible to carry out the
reinforcement of slopes in compliance to geo-technology
requirements. This applies mostly where construction in built-
up city areas is performed and a number of restrictions
arises, due to the existence of roads and underground
communications such as water supply systems, electrical
and phone cables, etc. in close proximity. An important
requirement is not to disturb the transport and life cycle in the
areas surrounding building sites. In all these occasions

reinforcement of the slopes, especially for relatively deep
hollows is needed. This reinforcement is carried out by well-
known technologies such as slurry walls, pilots (usually
borehole), short passive or deep pre-stressed anchors,
sheets, etc. In recent years a new type of reinforcement,
comprising of driving steel rods with a certain length into
slopes at defined intervals, is implemented (fig. 1). As a
result a conditional reinforced wall of natural reinforced soil,
which can provide for considerable depth of excavations in
vertical or light slopes is created.

| 120400cm torcret
/ steal net
R
RRALLIERA TR XA IR R
| steal rods
/ supporting wall of
i l' e natural reinforced soil
I
H I
I
— —
|
I
|
IO
excavation bottom L ]
TARKATARARARARARARAN
Fig. 1

The theory for determination of the static diagram of such
walls of natural reinforced soil is based on the earth pressure
theory, but with alternations, taking into consideration the
specific character of the interaction between reinforced soil
walls and the surrounding massif. An essential part of these
alternations is the provision for of cohesion between the soil
of the thus constructed walls and the rest of the soil massif.
This interaction is not accounted for in Coulomb’s classical
theory and leads to significant reduction in the soil pressure

quantity to a value that could be supported by reinforced soil
walls.

In the classical theory on earth pressure, created by
Coulomb (in 1773), and prerequisites sufficiently quoted in
specialised literature, /the soil volumetric mass and the
internal friction angle are homogeneous, earth pressure is a
result of the soil wedge sliding along the plane, the bridging
over the shearing strength takes place simultaneously along
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the entire failure plane, and there is no soil cohesion/ (fig.2),
earth pressure is calculated by dependence [1]:

Gsin(Ua - ¢)

CGn[8rore-u.) (1)
KX

T T s

8 +d gy,
-~
-
e o i{«@i G
-
}

Fig. 2 Calculation scheme of the active earth pressure

The meaning of separate values is presented in the figure.

One of the essential problems is related to determination
of the slope angle of the sliding surface - v, According to
theory this angle is determined by the condition for obtaining
the peak of active earth pressure, an element of the theory
for peak value of a function. Following performance of the
specific operations, which shall not be subject of this study,
an angle value v, is reached. It is a complex function of
ground slope’s angle, the wall's rise, the angle of the soil’'s
internal friction and the friction angle between wall and soil
[1]- By substitution of the value reached for v, by formula (1),
the final value of the earth pressure E. is calculated.

In dimensioning the scale of reinforcing constructions of
excavations of significant depth, dependencies are reduces
by admitting for horizontal ground and vertical back wall of
the reinforcing works - a=0, 6=T¢2. In more accurate
calculations the angle of friction between wall and soil - o is
accounted for, and in some more specific cases — the rise of
the back of the wall © # T2 is also accounted for. In
analytical expressions for determining the horizontal
component of active earth pressure the following formula is
applied:

E.= YayH 2)

Where: y is the average volumetric mass of soil in the soil
wedge sliding along the sliding surface, H is the wall height,
and K, is the side earth pressure factor. K, is calculated by
formulas, presented in specialized literature, such as formula

[1].

In more typical cases the inclusion of friction between soil
and wall may lead to a reduction of earth pressure by 20 or
more than 20 %. If this friction, as well as the influence of the
back of the wall's rise are disregarded, as is the normal

practice in construction, the formula for calculation of the side
earth pressure factor is reduced and the classical type of
Rankin’s minimum state of tension is reached:

K, = tg2H45-
0

o =

; ®

Cohesion is not included in all the above mentioned
formulas. The cohesion influence is taken in consideration
also on the basis of Rankin's state of tension, where the
constant speed P, is eliminated from the earth pressure
diagram:

P, = 2¢)K, @)

Cohesion, despite its changing value, has a significant
influence on earth pressure, therefore it should be accounted
for, especially for temporary constructions, such as
reinforcing constructions of excavations of greater depth,
because following construction of the underground parts of
buildings their interaction in the static diagram of buildings is
usually disregarded. Cohesion may be directly accounted for
in the earth pressure values by directly including its
interaction in the sliding surface of the soil wedge. In the
case of reinforced walls of natural soil, the cohesion influence
may be taken into consideration also in the interaction
between wall and soil, because for such walls, due to their
nature, there is always adhesion between conditional
reinforced soil wall and the rest of the soil massif.

In order to account for this influence, the force triangle in
fig. 2 is considered. The effect of tilting earth pressure to the
angle of friction between soil and wall may be accounted for
approximately by the figure, where its vector is determined to
be horizontal. If the cohesion action is included, which has
not been done previously, another force, that s
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approximately vertical and for one linear meter of the wall
length has a value of:

C=cH (5)

should be included in the force triangle, where ¢ is the
cohesion value, and H is the wall height. The inclusion of the
force C may be synonymous, due to the fact that the
direction of the force R is known, as well as the direction of
the earth pressure E,. Following recording of the force C, the
force polygon is of the type presented in fig.3. Obviously this
leads to significant reduction of earth pressure and this fact
makes it possible to understand the way walls thick 1.2 m to
2.0 m may hold in vertical slopes with a height of upto 7 - 8
m.

T
e

/q’?c-a-e

,?" e+6+(p‘\/a
C=Hc

\

4 G

Fig. 3

The determination of the new corrected value of earth
pressure may be carried out by general dependencies,
known from trigonometry, by using all other dependencies
and quantities, known from classic solutions. By applying the
prerequisite that forces G and C are parallel, where the
backs of walls are vertical and approximately parallel in all
other cases, the dependencies for similar triangles,
presented in fig.3, may be applied. The weight of soil prism G
is easy to calculate due to the fact that the slope angle of the
sliding surface is known. The value of earth pressure is also
calculated by classic methods. The corrected value of the
earth pressure by including the action of soil cohesion in the
back surface of the soil wall E; is calculated by the equation:

cH _E,-E¢
G 5 (6)

a

Or more clearly, the value of E. may be calculated by the
formula:

E¢ = Eagl- %@ @)

Following reduction, the formula may be presented as:
Ec=E.Ke (8)

where K; may be defined as factor of reduction of earth
pressure by reporting cohesion between the reinforced soil
wall and the surrounding ground. This factor is in all cases
lower than 1. An additional prerequisite is ¢.H < G.

This formula can be applied for all cases of earth pressure,
for random values of the quantities, included in the formulas
for its determination. The question for additional inclusion of
cohesion, in compliance to Rankin's postulates, by
elimination of the value of P from the earth pressure diagram
determined by formula (4), still poses a problem. It is based
on the same reasoning, as the basis for its performance,
independent of the reading of the angle of friction between
the soil and the reinforced wall.

The effect of inclusion of cohesion between soil massif and
the wall of natural reinforced soil may be easily determined.
This determination is carried out by implementing the most
widely used of Rankin's examples for determination of earth
pressure under the condition that the back of the wall is
vertical, the ground is horizontal and the friction angle
between soil and wall is & = 0. In this case the sliding surface
of the soil wedge is rising to the horizon under an angle of

¢

m
v, = —1* —, the weight of the sail prism is, as follows:
4 2

G= 17207yl - L]

y gD 4 20 9)
and the active earth pressure E, is calculated by the formula:
B, =12yl - L]

a yRotg 4 20 (10)
The factor of reduction of earth pressure as a result of

reporting the cohesion between wall and soil shall be:

2c

" L (11)
2 -
yHtg E4 2@

C
Numeric example:

Determine the earth pressure on a wall of natural
reinforced soil using the following values:

Excavation depth (height of slope) H=6 m
Angle of internal friction of the soil $¢=22°
Soil cohesion c=15 kPa

Volumetric mass of the soil y=20 kN/m*

The earth pressure, determined by the classic method
shall be:



Monosa W. MOLAINOPHM CTEHN OT ECTECTBEHA APMUPAHA IOYBA

E, = 1/2.20.62tg>045- %H: 163,79 KN/m
0 0

The factor of reduction of earth pressure, as a result of
reporting the cohesion between soil and wall shall be, as
follows:

2.15

(4
20.6.tg2H45- 22]
0 210

= 0,45

The corrected value of earth pressure is as follows:

E. =163,79.0,45=73,7 kN/m

Recommended for publication by Department
of Hydrogeology and Engineering Geology, Faculty of Geology

The reduction of earth pressure is 55%, which is
significant.

In other cases this reduction may be different, but most
often it is significant, as may be seen from the numeric
example. In all cases the solving must be carried out
carefully, using reduced cohesion values, for example
reduced 2 — 2.5 times, in order not to calculate a drastic and
unrealistic value of the corrected earth pressure, despite the
correct postulate of the theoretical solution.

After calculation of the earth pressure, the same procedure
shall be followed in the dimensioning of the reinforced wall,
as with all other walls. The diagram of earth pressure shall be
constructed, reduction as a result of the cohesion action —
Rankin’s example and control of the wall for tensions in the
base plane, sliding and conversion shall be used.
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