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Tom tét: Ly thuyét ap luc dat tac dung lén tuong
chdn thuong duwoc xay dung theo hai phuong phéap
truyén théng, duwa trén ly thuyét can bang giéi han
ctia Rankine va ly thuyét can bang khéi truwot rén cda
Coulomb. C3 hai ly thuyét déu gig dinh rdng céc dat
l&p sau twong c6 thé mé réng dén mét khodng cach
du dé mat phdng pha hoai cé thé phat trién day du.
Han ché cda cac céch tiép can nay khong ké dén &nh
huéng cda chiéu rong dét 1ap sau twong. Trong thuc
té nhiéu truong hop chiéu réng dat sau twong hep,
do dé can duoc xem xét ké dén khi tinh toan ap luc
dat lén tuong. Vi du khi cdn mé réng duong giao
théng twong chdn duoc xay dung phia truéc cac
twong hodc véch dé da én dinh, hodc cac cong trinh
hé dao sdu méi duoc xay dung gan cac cong trinh
ngdm hién c6 trong cac khu vure dé thi. Trong nhing
trirong hop nay, phan dét 1&p sau twong hep cé anh
huwéng ré rang dén s phét trién ddy du cia mét ném
pha hoai, khi doé ly thuyét ap luc dat ban dau cida
Rankine va ctda Coulomb sé khéng con phu hop.
Trong nghién ctu nay, duwa trén ly thuyét ap luc dat
ctia Coulomb, &p lurc dat cha déng tac dung lén tuong
trong triromg hop dat 14p sau twong han ché sé duoc
xéc dinh. Két qua cda bai bao cho thdy ap luc dat tac
dung lén twong gidm dang ké khi bé réng dat sau
twong nhé. Két qud nghién cuiu c6 thé duwoc ap dung
trong céc truomg hop thiét ké thuc té.

Tw khéa: &p luc dét, Rankine, Coulomb, tuong
chan, dat sau turong giéi han

Abstract: The earth pressure acting on the
retaining wall is usually based on Rankine's limit
equilibrium theory and Coulomb's solid sliding mass
equilibrium theory. Both methods assume that the
backfills can extend to a sufficient distance for the
failure plane to fully develop. Therefore, these
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approaches cannot account for the influence of the
backfill width behind the wall. In practice there are
many cases of narrow backfill behind the wall. For
example, reinforced walls are built in front of
stabilized walls or rock, or structures with deep
excavations are built near existing underground
structures in urban areas. In these cases, the narrow
backfil has a significant effect on the full
development of a failure wedge according to
Rankine's or Coulomb's theory. In this paper, the
active earth pressure acting on the wall with a narrow
backfill is determined based on Coulomb's theory.
The results of the paper show that the earth pressure
acting on the wall is significantly reduced when the
soil width behind the wall is narrow. This result can
be applied in real design cases.

Keywords: earth pressure, Rankine, Coulomb,
retaining walls, narrow backfill

1. bat van dé

Ly thuyét ap lwc d4t tAc dung lén twérng chén theo
phwong phap truyén théng dua trén ly thuyét can
bang gi¢i han cla Rankine va ly thuyét can bang khdi
trwot ran cta Coulomb déu gia dinh rang dat 1ap sau
twong c6 thé mé rong dén mot khodng cach da dé
mat phang pha hoai c6 thé phat trién day dd. Trong
thwc té, cé nhidu trwdng hop co bé rong dat sau
twérng bi gidi han, khéng du dé phat trién day du cua
mét ném pha hoai. Vi du khi mé& rong dwdng giao
thong, twdng chan dwoc xay dwng phia trudc cac
tworng hodc gan vach da da 6n dinh trudc d6, hodc
cac cong trinh hé dao sau dwoc xay dwng gan cac
céng trinh ngdm hién c6 trong cac khu vuc dd thi
(Hinh 1). Ap lwc déat tac dung Ién twong trong cac
trwdng hop nay chwa dwoc xem xét day du.
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Hinh 1. Minh hoa mét sé truong hop trong thuc té bé rong dét sau tong hep: Hinh tréi, mé réng duong giao thong
hién c6; Hinh phai hd dao sau canh cac céng trinh ngam hién cé

M6t cach téng quat, Iy thuyét &p lwc dat tac dung
lén twong chdn dwoc xay dwng theo ba nhém
phwong phap: (i) nhém 1 - dya trén ly luan can bang
gi&i han khéi dét ctia Rankine; (i) nhém 2 - dwa trén
co s& ly thuyét can bang khéi triot ran ctia Coulomb,
(iii) nhém 3 - dwoc phat trién trong cac nam gan day,
la nhém cac phwong phap sb nhu phwong phap
phan t& hitu han (FEM), phwong phap phan to roi
rac (DEM), dé xac dinh mét trwot va ap lwc 1én tworng
chan [1]-[5].

Ly thuyét 4p lwc dét cha Rankine hién nay duoc
coi 1a mét ly luan chat ché vé mat toan hoc, song con
bi han ché & ché chwa dwa ra dwoc cac |&i gidi va
bang tinh s&n cho moi trwérng hop can thiét trong tinh
toan thwce té [3], [4], [6]-[8]. Cac phuwong phap sb nhw
phwong phap phan t& htru han (FEM), phwong phap
phan t& r&i rac (DEM) da duwoc st dung dé nghién
clu &ng X co hoc cua twdng chan dat trong cac
trwdng hop phire tap véi cac diéu kién hinh hoc va
dia k¥ thuat trong thwc té. Tuy nhién, phwong phap
sé con it dwoc sir dung vi tinh phire tap ctia né [2].
Phwong phap tinh &p lwc dét ctia Coulomb chi dwoc
coi la phwong phap gan ding do nhirng han ché cta
cac gia thiét co ban [9], [10]. M3c du vay, hién nay
phwong phap nay van dwoc dung réng réi trong thyc
té, vi tinh toan twong dbi don gian va dac biét 1a c6
thé gidi quyét dwoc nhiéu trwong hop phic tap
thwong gap [10]. Trong bai bao nay phwong phap
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ctia Coulomb dwoc sir dung dé xac dinh &p lwc dat
tac dung 1én twdng trong diéu kién khi bé rong dat
sau twong hep, khéng da khong gian dé phat trién
hoan chinh ném trwot.

1. Phwong phap Coulomb dw béo 4p Iwe dat [én
twong chan véi dat sau twong hep

Xét mot twérng chén cé chiéu cao H, dat dép sau
twdng c6 khoang rong gidi han la a. DAt sau tuwong
gdm mét I1&p dat roi, cé cac dic trwng co ly 14 trong
lwong riéng y va goc ma séat trong o.

Pé xac dinh ap lwc dat cha dong lén twong
chan trong trwdng hop bé rong dat sau tuwong gidi
han, ap dung phwong phap cla Coulomb cho
trwong hop tdng quat. Xét can bang khdi truot
dang t&r gidc ABCD/ hoac dang tam giac ABF voi
cac gia thiét khdi trwot 1a mot khéi cirng, va dat
trang thai can bang gi¢i han (Hinh 2). Mét truot
nguy hiém hinh thanh trong dat 1a mat phdng ADC/
hoac AF &ng v&i ap luc dat I&n nhat, gia thiét bd
qua ma sat gitra dat va twdng (& = 0). Can bang
khdi trwot rin ABCD/ hodc ABF xac dinh dwoc ap
lwc dat twong ng tac dung 1én twong Ea , Ea la
mot ham phu thudc theo bién o (v&i o l1a géc tao
b&i mat trwot va phwong ndm ngang). Ap luc dat
cht dong Ec twong ng E. dat gia tri I&n nhat (Ec =
Eomax), twong rng ng véi mat phang o la mét
phang nguy hiém nhét (Hinh 2).
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Hinh 2. Ap luc dét tAc dung én tuomg chan

Trén Hinh 2, xét mat truot phang hop véi phwong
ngang 1 goéc a, c6 hai trwong hop xay ra:

* Néu o < B, (B la goc duworc xac dinh béi bé rong
hep sau twong, tan = H/a), l&ng thé trwot co dang
t&r giac ABCD, v6i cac canh AB, BC khong dbi; khi o
thay ddi, diém D cla lang thé thay déi theo phuong
dirng trén canh CG.

Lang thé trwot c6 dang t& giac ABCD & trang théi
can bang gi¢i han. Hop lwc tac dung I&n khéi truot
rén ABCD bang 0, ta c6:

>W+R+E=0 1)
trong do, W la trong lwong cla khéi truot ABCD;
R 1a phan lyc ctia nén dwdi mét trwot |én khéi ABCD;
E |& phan lwc cia twdng lén khdi ABCD. Trong
trwdng hop nay, do khéi ABCD cé xu hwéng dich
chuyén xa khdi khéng gian twong sau (ki hiéu tuwdng
s6 2), 4p lwc tac dung |én twéong sb 2 gia thiét E2 = 0.

Ap lyc dat tac dung |én twdng can bang véi phan
lwe E cua twong lén khdi d4t ABCD, ap lwc nay phu
thudc vao mat truot a, E(a), ki hiéu ap lwc nay la E..
Thu gon phwong trinh dwoc biéu thire 4p lwe dat 1én
twdng chan tng véi mat trwot AD, Eq dwoc xac dinh
theo cbng thirc sau:

8, 8

ﬁ; Cosa; =
Va ta
* Néu o = B, lang thé truot co dang tam giac ABF,

véi canh AB khéng ddi, khi o thay d6i diém F di
chuyén theo phwong ngang trén canh BC.

a, =

V6i khéi trwot dang tam giac ABC, trong luong
khéi trwot ABC duoc tinh toan giéng truorng hop bai
toan ctia Coulomb, st dung két qua ctia Coulomb sé
c6 nghiém curc trj o la:
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w/aj +a ’

sin(a —
E,=Wx— (@=¢) )
sin(90—a + @)
V6&i W la trong lwong cha khéi truot rdn ABCD,

duwoc xac dinh nhw sau:

W:yx(ZH—a.tana)x% (3)
T d6 suy ra:
=E, = 7/><%><(2H —axtana)xtan(a—¢) (4)
Dé tim cuc tri ctia E(a), gidi dao ham cla E(a):
E, ':[7/X%X(2H —axtana)xtan(a —@)]' (5)
Diéu kién cwec tri khi E’(a) = 0, twong rng voi:
I =[(2H —axtana)xtan(a—¢)]'=0 (6)
Giai phwong trinh | = 0, c6 nghiém cuwc tri o la:
, o aresina, +a; |

= 2. @)
o Foarcsina, +a; |
2
Va&i:
H .
=——— a, =C0S @, =SINp+ 8
axCcos g 2 ®, 84 p+a, (8
-sinaS:—ZaS - (9)
a +&,

o = 45° +§ (10)
* Tdng hop nghiém cuc tri cta E(a).

Két hop 2 trwong hop c6 nghiém cua phuong
trinh E’(a) = 0 la goc o cht dong ki hiéu o, dwgc xac
dinh nhv sau:
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45°+% (> f)
o - arcsm2a4 ta 1)
7z —arcsina, + (@<f)
ke +kz
2
Thay gié tri ac vao phuong trinh &p lwc dat E(a), ¢ ap lwe dat cha dong Ec la :
yx%tzxtan2(45—%) a>pf

yx%x(ZH —axtana)xtan(a—¢@) a<p

V&i a = ac duwoce xac dinh tir phwong trinh (11).
2.Khao sat anh hwéng cua bé réng dat sau
twong hep

DPé nghién clru &nh hwdng clta bé rong dat sau
twdng hep dén mé hinh pha hoai va ap luc dat cha
dong, tién hanh khao sat &p lwc dat cha déng va goc
pha hoai clia d4t dp sau twdng véi cac truong hop
nhw sau:

—  Trwong hop 1: thay doi bé rong dat sau tuwong, ¢
dinh chiéu cao twéng va cac dic trung cha dat (v, ¢);

—  Trwdng hop 2: thay déi dac trwng khang cat cia
dét (¢), cb dinh chiéu cao tworng va bé rong dat sau
twdng;

—  Trwong hop 3: thay dbi chiéu cao twdng, cd dinh
bé rong d4t sau twéng va cac dac trung cla dat (y, ).

2.1 Trwong hop 1, thay déi bé réng dat sau twong

Xét trwong hop chiéu cao twong H = 8.5m, va
cac d&c trwng ctia nén @ = 30% vy = 1,8T/m3, khao sat
bé rong dat sau tworng (a) khac nhau. Theo ly thuyét
ctia Coulomb, chiéu rong téi thiéu cta |&p dat 1ap dé

Ap luc chu dong theo bé’r(fmg dat
sau tuong thay doi
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Bé rong dat sau twong a (m) ©

ném pha hoai chi déng c6 thé phat trién day da dwoc
tinh toan 1a 4,9m. Do d6, chiéu rong cta dat Iap sau
twong duwoc khdo sat trong pham vi tr 2.0m dén
8,0m. Ki hiéu Ec nla ap lwc d4t chi déng trong trudng
hop dét sau twdng hep cé bé rong 1a a, Ec (& ap lwc
d4t chd dong trong trwerng hop théng thuwerng véi bé
rong dat sau tworng da lén.

Két qua tinh toan cho thay rang (Hinh 3), khi bé
réng sau twdng nhd, ty 1& bé rong dat sau
twdng/chiéu cao twong nhé hon 5/8.5 thi ap luc dat
khi bé rong dat sau tworng hep nhd hon ap luc dat
trong trworng hop théng trudng bé rong gia thiét vo
han (Ec_n < Ec ), bé réng cang hep &p lwc cha dong
I&n twéng gidam cang nhiéu (hinh tréi), twong ng véi
né la géc cdtia mat trwot (mat phang pha hoai) ciing
I&n hon so v&i goc mat triot trong trwedng ho'p thdong
thuwong (o = 45 + ¢/2 = 60) (hinh phai). Khi bé réng
da Ién (trong trwdng hop khao sat la = 5m), thi ap lwc
trong truong hop bé rong sau tweng hep bang véi ap
Iwe tinh va&i tredng hop théng thwdng. Nhw vay trong
trwdng hop nay cé thé quy vé nén bé rong dat sau
twdng vo han dé tinh toan.

Goéc cua ném pha hoai thcoybé rong dat sau
tuong thay doi

80.0
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1 Bd rong dat sau tu(frng a (m)

Hinh 3. Truong hop khdo sét 1, bé réng dat sau tuong thay déi, hinh trai: Ec n 1a &p luc dét chi dong voi bé réng dét
sau twong hep, Ec_tla ap lye dat chd dong trong truong hop théng thurong; hinh phai: ac_n 1a goc cda mét truot chd déng
véi bé rong dét sau tuomg hep, ac  1a géc cda mét trurot chd déng trong truomg hop théng thuong
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2.2 Trrong hop 2, thay déi dic trung khéng cat ¢

Trong trwdng hop nay, c¢b dinh chiéu cao tworng
H = 8,5m, trong lwong riéng ctia dat y = 1,8T/m3 va
bé réng dat sau twdng a = 2m, gia tri bé réng lua
chon dwa trén két qua cda trwerng hop 1, cho thay
anh hwéng rd rét cta bé rong dat sau tudng hep;

Ap lyc chu dong theo G6c ma sat
trong thay doi

— ) ] w

bl e o o

o o =] =]
/

=
o
o

- ® —-Ect

Ap Ire chii déng Ec (T/m)
[ ]
[}

bl
=)

Ec h

0.0
25 30 35
Go6c ma sit trong ¢ (dg)

thay déi g6c ma séat trong cta dét, ¢ thay ddi tir 26°
dén 40°. Twong tw ki hiéu Ec n 1a ap lwc dat cha dong
trong truong hop dat sau tudng hep cé bé rong l1a a,
Ec : la &p lwc dat cha dong trong trwéng hop théng
thuwong khoéng gian sau twdng da Ién. Két qua tinh
toan dwoc thé hién trong Hinh 4.

Goéc cua mit trugt pha hoai’theo
Goc ma sat trong thay déi
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Hinh 4. Truong hop khdo sat 2, bé réng dét sau tuong thay déi, hinh tréi: Ec_n la &p luc dét chd dong voi bé réng dét
sau twong hep, Ec t 1a ap luc dat chd déng trong truong hop théng thuong; hinh phai: ac n la goc cda mét trwot cha
déng véi bé réng dét sau tuong hep, oc t 1a géc cua mét truot chd dong trong truong hop thong thuong

Hinh 4 cho thay, khi géc ma sat bang 26°, ti sb
Ecn/EcCO gia tri bang 79.6%, va khi goc ma sat tang
dén 40° thi ti s& Ec-n/Ec+ O gia tri bang 86.7%. Diéu
nay cé nghia |a sw chénh léch gitra &p lwc dat cha
doéng trong trwdng hop bé réng sau twéng hep va ap
lwc dat cha dong trong trwdng hop théng thudng
gidm dan (hinh trai) khi géc ma sét trong cta dat ting
twong ng. Ngwoc lai thi s chénh Iéch gilra goc cla
mat triot chi dong trong trwdng hop bé rong dat sau
twdng hep va trwdng hop théng thudng gidm dan khi
géc ma séat clia dat sau twdng tang lén.

Ap e chia dong theo’chiéu cao
trong thay doi
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2.3 Trwong hop 3, thay déi chiéu cao twong

Trong trwérng hop nay, cb dinh dac trung clia dat
(trong lwong riéng cla dat, géc ma sat trong) @ =
30°, y = 1,8T/m?, bé réng dat sau twéng chon a = 2m;
thay ddi chiéu cao tweong tir 6m dén 10m. Twong tw
ki hiéu Ec_h 1a &p lwc d4t cha dong trong trudéng hop
dét sau twong hep cé bé rong |a a, Ec_t 1a ap luc dat
cht dong trong trwedng hop théng thwéng khong gian
sau twong da I&n. Két qua tinh toan dwoc thé hién
trong Hinh 5.

Géc mat trirgt pha hoai theo chiéu

cao tirong thay dbi
75.0

8
=
=
o
= 70.0
Es - ® —-act
&
ach
=
ﬁ 65.0
o act
E.
=
-

60.0 -w——w -2 qCh

55.0
5 6 7 8 9 10 11
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Hinh 5. Truong hop khao sat 3, bé réng dat sau tuong thay déi, hinh trai: Ec_n 1a ap lwc dét chd dong véi bé rong dét
sau twong hep, Ec_tla ap luc d4t chd dong trong truomg hop théng thuong; hinh phai: ac_n la goc cia mét triot cha
ddng voi bé réng dat sau tuong hep, ac_t 1a géc cda mdt trurot chid dong trong truonmg hop théng thurong

Hinh 5 cho thay khi chiéu cao twéng téng dan, ap
lwe dat cht dong trong trwerng ho'p bé rong sau twdng
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hep gidm nhiéu so véi ap lwc dat cha dong trong
trwong hgp théng thwdng (hinh trai), twong ng
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chénh léch gilra géc clia mat trwot chi déng trong
trwdng hop bé rong dat sau twdng hep va trudong
hop théng thuwdng tang dan.
3. Kiém nghiém lai mé hinh dé xuét

Dé kiém nghiém lai m6 hinh xac dinh &p lwc dat
lén twdng chan cirng trong trudng hop bé rong dat
sau twong hep da dé xuét, nghién ctru da thuc hién
so sanh két qua tr mo hinh dé xuét véi két qua mo
hinh sb. Md hinh sb dwoc thwc hién b&i Minghui
Yang and Bo Deng [2], da Iwa chon phuwong phap
phan t& roi rac (DEM), st dung phdn mém Particle
Flow Code (PFC-2D) dé& mé phéng (rng xt cla dat
r&i c6 chidu rong hep phia sau twérng chan cirng khi
tworng dich chuyén ra xa dat. M6 phéng sb tap trung

b=20m b=30m b=40m

b=7.0m

b=6.0m

vao mo hinh pha hoai ctia d4t khi chuyén déng cta
twdng dat gia tri xay ra ap lwc dét chi déng va hinh
dang clia mat trwot khi d6 dwoc ghi nhan.

M6 hinh sb da khao sat sw thay déi bé rong dét
sau twong tr 2m dén 8m, véi chiéu cao twéng va dic
trung clia dat nén duoc gitk khong ddi H = 8,5m va @
= 30% y = 1,8T/m3. Két qua chuyén vi cta dat sau
twdng ctia md hinh s duoc thé hién trong Hinh 6 cho
thay, trwéng dich chuyén ctia dét trong viing mau xanh
den gan nhw gan bang 0, va viing nay co thé dwoc xac
dinh 1a vang dirng yén khi twdng dich chuyén [2], [11],
[12]. Do d6, bé mét trwot cia dat dwoc hiéu la ranh
gi¢i gitra dat tinh va dat chuyén dong (dich chuyén) cé
thé thu dworc mét cach gan dung.

2.3221E-01
2.2000E - 01
2.0000E - 01

1.8000E - 01

1.6000E - 01
1.4000E - 01
1.2000E - 01
1.0000E - 01
8.0000E - 02
6.0000E - 02
4.0000E - 02
2.0000E - 02
2.0538E - 14

Unit: m

b=50m

b=80m

Hinh 6. M6 hinh s6 sw pha hoai ciia tiong trong triong hop bé réng dét sau tuong thay déi tee 2m dén 8m, goc ma sét
trong @ = 302 két qua chuyén vj cda dat sau twong. [2]

Theo két qua md hinh sb, tat cad cac mat truot
déu di qua goéc dwdi cla tweng chan dén bé mat trén
cung cta dat khi bé rong dat sau twdng da 16n
(a=5m), lang thé trwot c6 dang tam giac. Trudng hop
bé rong dat sau twdng hep (a < 5m), mét phang trwot
van di qua géc dwédi clia twdng chan tuy nhién mat
phang trwot khéng di 1&n trén bé mét cda khbi dat,
lang thé trwot IGc nay cé dang t& giac. Didu nay
twong dbi phu hop véi gia thiét vé mét truot va lang
thé truot clia phwong phap dé xuét trong muc 2.

DPé xac dinh chinh xac hon mat phang pha hoai,
cac dwong thang ranh gi¢i dwoc stv dung dé mo
phdng mat trwot, trong d6 cac dwdng mau dd thé
hién mat truot theo quan diém cla [2], cac duwong
mau vang thé hién ranh gi&i khi chuyén vi ctia twéong,
thé hién mat trwot theo quan diém ctia nhém tac gia.
Goc dich chuyén cla cac quan diém mét truvot twong
&ng dwoc thé hién trong Hinh 7, cho thay méat phéng
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trwot khi twong dich chuyén dd Ién (dwéng mau
vang) twong dbi phu hop véi phwong phap dé xuét.
Diéu nay c6 sw khac biét véi quan diém cta Minghui
khi cho rang cac mat trwot (cac dwdng mau dd) co
hé sb géc khong déi © dworc gitk nguyén khong déi (0
= 60°) b4t ké chiéu rong ctia phan chén I4p. Sy sai
khac vé géc ctia mét phang pha hoai c6 thé gidi thich
mét phan do cach xac dinh gan ding mét truot dwa
trén dich chuyén clia dat sau twong. Theo dinh nghia
ap lwc cha dong dat dwgce khi twdng dich chuyén
khoadng 0,1% chiéu cao twéng (0,1%H), tuy nhién
chwa c6 dinh nghta ré rang vé chuyén dich cuia cac
diém trén mat trwot twong (ng 1a bao nhiéu dé khang
dinh chinh x4c mat trwot nay. Ngoai ra, phuong phap
tinh dé xuét dwa trén gia thiét bd qua ma sat gitra d4t
va twdng phia trwdc va sau, didu ndy dan dén sy
khac nhau gitra két qua mé hinh va két qua tinh toan
trong bai bao nay.
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b=20m b=30m b=40m

b=70m

b=60m

Hinh 7. Minh hoa mat truot tir két qué mo hinh sé

4, Két Luan

Nghién ctu da xay dwng duoc ap luc dat cha
dong cho déat roi tac dung Ién twéng chan trong
trwdng hop bé rong dat sau twong hep, st dung
phwong phap ctia Coulomb. Két qua nghién ctru cho
thay khi bé réng dat sau twong hep khéng du hinh
thanh ném phéa hoai, ap lwc dat tac dung Ién tuong
chén gidm, géc pha hoai ctia mét trwot thay ddi, l&ng
thé trwot c6 dang t&r giac. Két qua cda nghién ctu
cling cho thdy cé thé s dung phwong phap clia
Coulomb dé mé rong ra cac trudng hop tinh toan dac
biét khac, cling nhw c6 thé dung cong thirc da xay
dwng dé tinh toan trong thuc hanh thuc té.

TAI LIEU THAM KHAO

[1] Y.-S. Fang and |. Ishibashi (1986), “Static earth
pressures with various wall movements,” J. Geotech.

Eng., vol. 112, no. 3, pp. 317-333.

M. Yang and B. Deng (2019), “Simplified method for
calculating the active earth pressure on retaining
walls of narrow backfill width based on DEM
analysis,” Adv. Civ. Eng., vol.

S. Han, J. Gong, and Y. Zhang (2016), “Earth
pressure of layered soil on retaining structures,” Soil
Dyn. Earthg. Eng., vol. 83, pp. 33-52.

(2]

(3]

[4] Y.-S. Fang, Y.-C. Ho, and T.-J. Chen (2002),

“Passive earth pressure with critical state concept,”

62

b=50m

b=80m

(5]

(6]

(7]

(8]

(9]

(10]
(11]

(12]

23221E-01
2.2000E - 01
2.0000E - 01

1.8000E - 01

1.6000E - 01
1.4000E - 01
1.2000E - 01
1.0000E - 01
8.0000E - 02
6.0000E - 02
4.0000E - 02
2.0000E - 02
2.0538E - 14

Unit: m

J. Geotech. Geoenvironmental Eng., vol. 128, no. 8,
pp. 651-659.

S. Okabe (1926), “General theory of earth pressure.
Journal of the Japanese Society of civil Engineers,”
Tokz Jpn., vol. 12, no. 1.

J. M. Duncan and R. L. Mokwa (2001), “Passive earth
pressures: theories and tests,” J. Geotech.
Geoenvironmental Eng., vol. 127, no. 3, pp. 248-257.

K. Terzaghi (1943), “Theoretical soil mechanics.
Jjohnwiley & sons,” N. Y., pp. 11-15.

W. J. M. Rankine (1857), “Il. On the stability of loose
earth, Philos,” TR Soc. Lond., 147, 9-27.

R. Whitlow (1997), Co hoc d4t.
Phan Héng Quan (2006), Co hoc dat.

S. S. Nadukuru and R. L. Michalowski (2012),
“Arching in Distribution of Active Load on Retaining
Walls,” J. Geotech. Geoenvironmental Eng., vol.
138, no. 5, pp. 575-584, May, doi:
10.1061/(ASCE)GT.1943-5606.0000617.

M. Jiang, J. He, J. Wang, F. Liu, and W. Zhang
(2014), “Distinct simulation of earth pressure against
a rigid retaining wall considering inter-particle rolling
resistance in sandy backfill,” Granul. Matter, vol. 16,
no. 5, pp. 797-814, Oct., doi: 10.1007/s10035-014-
0515-3.

Tap chi KHCN Xay dung - s6 4/2022



