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The paper employes 3D numerical modeling to analyze the soil arching
mechanism within embankment by FLAC3D code, based on the finite
difference method (FDM). To consider the pile group effect, the 3D mesh
of four pile has been created. Related to the constitutive models, the
embankment is used Mohr - Coulomb model, the soft soil is represented
by modified Cam - clay model, and footing and piles are employed by
elasticity model. The numerical results focus on the soil arching
phenomena in terms of stress distribution on piles and soft soil, the stress
concentration ratio and the stress reduction ratio. Additionally, the axial
force along pile and the settlements of embankment, soft soil and pile
are studied.
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Nghién ctru hiéu &ng vom trong khoi dap khi nén duwong dap
trén nén dat yéu gia cd bang coc clirng

Pham Vin Hung ", Dang Quang Huy 1, Dao Phic LAm 2, Nguyén Khic Long 3
1Khoa Xdy dwng, Trwong Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam

2Khoa Céng trinh, Truong Dai hoc Céng nghé Giao thong Van tdi, Ha Noi, Viét Nam
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THONG TIN BAI BAO TOM TAT
Ql}ll‘f tr mh Bal bdo str dung phuwong phap s6 3Ddé tich hiéu tng vom bén trong khoi dap
Nhén bai 16/10/2020 nén dwong bang phdn mém FLAC3D, dwa trén 1&i gidi clia phuong phdp sai
Swra xong 24/11/2020 phdn hitu han. D€ xem xét dnh hwdng ctia nhém coc, mé hinh 3D ctia hé 4
Chap nhan dang 31/12/2020  ¢o¢ dg duoc xdy dl_mg. Mét s6 mo hinh vit liéu da dwoc siv dl_mg, bao gbm:
Tir khéa: nén dwong st dung mé hinh Mohr - Coulumb, nén da'tye'u st dung mo hinh
Coc cimg Cam - Clay cdi tién, coc cu'ng va tdm méng st dung mé hinh dan hoi. Bai bdo
DAt yéu ’ tap trung phan tich hiéu ng vom bén trong khoz dap, théng qua s phan bé
PR tng sudt xuéng ddu coc va trng sudt xudng nén ddt yéu, hé so tap trung tng
Hiéu g vom, sudt trén ddu coc va hé s6. gidm ting sudt trén nén ddt yéu. Ngoai ra, sw phdn
Nén dap, b6 lurc doc trong cocva cdc gid tri d6 ltin ctia nén ddp, nén ddt yéu va coc ciing
Ung suat. dwoc nghién ctru.
© 2020 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.
1. M& dau chén, bé chita... nhd nhitng wu diém nhw: gidm gia

thanh va thoi gian xay dung; cai thién dang ké strc

Phuwong phép gia ¢6 nén dit yéu bang coc chiu tai ctia nén dit yéu, giam d6 lan va chuyén vi

ctrg bao gdm cac coc citng bang bé tong, bé tong
c6t thép, thép, dng thép nhoi bé tong, xi mang dat...
gia c6 moOt phén hay toan bo chiéu day nén dat yéu.
Cac coc dugc bo tri theo lwdi hinh tam giac hay
lwé6i hinh vudng. Khéi ddp bén trén bang vat liéu
roi (cat hat tho, da dam) dong vai tro la 16p dém
truyén luc (Hinh 1).

K§ thuat khdi ddp trén nén datyéu gia c6 bang
coc clirng da dwoc ap dung rong rai trén thé giGi
trong cac du 4n dwong sat, dwong b, ciu, twdmg

*Tdc gid lién hé
E - mail: phamvanhung@humg.edu.vn
DOI: 10.46326/ JMES.HT(CS2020.03

nghiéng cta céng trinh va it gdy dnh hwdong dén
moi tredng xung quanh.

llllll

nén dwong dnp

Hinh 1. Sor b gia c6 nén ddt yéu bang khéi dap
trén ddt yéu gia c6 bdng coc cikng.
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Nguyén ly truyén luc ctia hé khéi dap - dat yéu
gia c0 bang coc cirng dua trén co ché truyén luc
bén trong khdi dap. Do dd cirng clia coc lén hon
nhiéu so v&i nén dat yéu, nén dit yéu cé xu hwéng
14n nhiéu hon so véi coc, phan khéi dap phia trén
dat yéu ciling c6 xu hwéng dich chuyén cung. Tuy
nhién, nh¢ 1am bang vt liéu roi véi goc ma sat
trong 16m (strc khang cat 16m), phan khéi dap phia
trén dau coc cirng sé can tré dich chuyén ctia khoi
dat trén phia dit yéu, nho nhan thém mét phan
lwe ma sat tir khéi bén canh truyén xudng, hién
twong nay lam ting (ng suit tic dung xuéng dau
coc, va giam (rng suit tc dung xuéng nén dat yéu.
Hién tuong nay dwoc goi 1a hiéu rng vom (Hinh
2).

D€ danh gia hiéu qua hiéu ng vom, haithong
sO thuong dwgc str dung 1a hé s tip trung tng
sudt trén dau coc (SCR) va hé s6 gidm (rng suit cia
nén dat yéu (SRR). Trong do, hé so tap trung trng
suitla ty 1é &ng suit thang ding & dinh coc chia
véi ing suit thang dirmg & dinh dit xung quanh.

Ip
SCR = — (D
Os
Hé s6 giam &ng sudtdwoc dinh nghiabang ty
18 rng suit tac dung xuéng dat yéu giira cac coc, oy,
vGi (rng sudt trung binh tac dung bai tai trong nén
dap véi (g suit bén trén nén dap, o:

SRR =2 2
== @

Hé s& tAp trung (g suit cho thiy rang nho cé
sw xudt hién cla coc clirng thi &ng suat truyén
xubng coc sé cao gip nhiéu lan &ng suit truyén
xudng nén dit yéu. Trong khi, hé s6 gidm trng suit
phan d&nh mirc d6 giam tai trong truyén xudng nén
dat yéu khi so sanh véi treong hop nén dat yéu
chwa gia c0. Khi SRR = 0, (tng suit trén nén dit yéu
bang khong. N6 c6 nghia 1a tit cd cac tai duoc
chuyén 1én cac coc, hiéu rng vom hoan toan. Khi

A e T T

Hinh 2. M6 td mé hinh vom ddt cia Hewlett va
Randolph (1988).

hé s6 gidm (rng sudt bang SRR= 1,0, nghiala tit ca
tai trong dwoc truyén xudng nén dat, khong cé
hiéu trng vom.

Trén thé gi¢i, nhirng nghién ctru vé bai toan
khéi dap da dugc tién hanh tir nhitng nidm 90 cua
thé ki trwdre. Trong d6 hau hét cac nghién ciru tip
trung nghién ctru qua trinh truyén &ng suat bén
trong khéi dap va do lun cia nén dudng, cia nén
dat yéu. Tuy nhién, khéng nhiéu cac nghién ctru st
dung mo6 phong s6 3D. Bén canh d6 mét s6 nghién
ctru sy anh hwdng cla cac thong s6 cling dwoc tién
hanh. Hewlett va Randolph (1988) da chi ra rang
khoang cach giita cac coc va chiéu cao cda khoi
dap anh hwdng ro rét dén hiéu qua truyén lwc bén
trong khéi ddp. Nghién ctru clia Han va Gabr
(2002) thong qua phwong phap sé 2D da chi ra
rang do Iun ctia khai dap va sw chénh léch ldn ting
khi chiéu cao nén dwong tang. Dong thoi, tic gia
cling 1am ro rang hé s tap trung (ng suit ting voi
chiéu cao nén dwong. Nghién cliu cda Jenck va
nnk. (2007) chi ra rang géc ma sat trong cia khoi
dip lam ting hiéu qua truyén lwc va gidm do
lin.Van Eekelen va nnk, 2013, 2015 d3 dé xuit
xay dung, phan tich va ki€ém chitng tinh ding din
cliamdt phwong phép giai tich méi, nham xac dinh
hiéu trng vom bén trong khdi dp.

Bai bao str dung phwong phéap s6 3D dé phan
tich hiéu rng vom bai to4an khéi dap trén nén dat
yéu dwoc gia ¢6 bang cac coc cirng. Hiéu qua
truyén tng suit bén trong khdi dipthdéng qua sw
phan bo trng suit xuéng dau coc va nén dat yéu sé
dwoc lam rd. Déng thoi, bai bdo cling lam sang td
sw phan bd lwcdoc than coc va do lun ctia nén dap,
cla dat yéu va cta coc clirng,

2. M6 hinh 3D bai toan khéi dap trén nén dat
yéu gia c6 bang coc cirng

Mt cit dia chat gdbm cac tAng lop: 1op datlap
day 1 m, 16p dit yéu day 4 m nam trén 16p cat soi
day 7 m. Muc nwéc ngdm & mic - 3,7m.

Mb hinh s6 duoc xay dung biang phan mém
FLAC3D, dwa trén loi giai cda phwong phap sai
phan hitu han. M6 hinh dwoc xdy dung khéi méng
bang bé téng c6 kich thuwéc 2x2m day 0,5m trén
trén 1a16p cat truyén lwc day 1 m, trén dat yéu day
4m dwoc gia cd bang 4 coc bé tongdwong kinh d =
0,4m dai 4,5m (dam bao ngam vao l16p dat tot
0,5m), phia dwéi la tAng chiu lwc (Hinh 3). Do tinh
chat doi xirng cia mo hinh, mét nira cia mé hinh
v&i 2 coc dwoc xem xét, diéu nay cho phép xem xét
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anh hwdng cia nhdom coc ctirng va hiéu rng vom
phia trén dau cac coc trong 16p cat dém. Cac phin
tlir khéi da dién dwoc st dung va dwoc lién két véi
nhau tai cic nit, tao thanh lwéi. Nén dat, coc, 16p
dém cat va ban méng déu st dung cic phan t
khdi, diéu nay cho phép quan sat (ng suit va
chuyén vi cia nén dat va coc. Tuy nhién, dé thuin
tién cho quan sat cac thanh phén noi lwc cta coc
cimg nhw md men, lwc doc, lwc cit phan tir dAm
dwoc dwa vao tim cta coc.

Trong cic phan tich, khéi dap bén trén va chiu
lwc phia dwdi dwgc md hinh héa bang mé hinh dan
hoi tuyén tinh, déo tuyét déi két hgp véi tiéu chi
pha hily Mohr - Coulomb, dit yéu dwoc mo6 phong
bing mé hinh Cam clay cai tién, cic coc cirng, tAm
moéng dwgc md phéng bang mé hinh dan hoi tuyén
tinh.Phan t tiép xuc gitra coc - dat va mong - dat
cling dwoc xem xét. Cac thong sé mo hinh cta cac
16p dat, vatliéu dwoc 14y theo s6 liéu da dwoc cong
bé trwdc diy, trong Pham va nnk., 2019, trong
Bang 1.

Hinh 3. Mdt cdt ditng ctia mé hinh tai tim coc.

Bdng 1. Bdng téng hop cdc théng sé ctia mé hinh
vat liéu dwoc str dung trong tinh todn mé phdng.

Vitliéu |M6hinh| Cécthongsé cia mo hinh

E=150 MPa, v=0,3, ¢=37°,

Patcat | M
atcat C |=0,0 kPa, =19 KN/ms

1=0,06, x=0,0072, M=1,244, v

bityéu MCC |=1,892, p.=315kPa, =18

kN/m3
Tang chiu MC E=350 MPa, v=0,3, =19
Twc KN/m3, ¢=37°, c=0 kPa
Coc cling E  |E=5GPa, v=0,2, =25 kKN/m3

Tam mong E E=24 GPa, v=0,2, =25 KN/m3

batyéu |k=k,=1x108kN/m/m, ¢=15°,
coc |c=30KkPa

T- N [
iép xuc Cat- |k=ki=1x108kN/m/m, p=22°,
moéng |c=170kPa

Trwée khi tac dung tai trong, trang thai g
suit ban dau cia hé thong phai dworc thiét 1ap,
diéu nay cho phép dinh nghia trang thai (rng suat
ban dau ctia nén dat.Tiép sau do, tai trong tic dung
tai tdm mong thong qua ban nén c6 dwong kinh D
=1 m, gid tri cda tai trong dwgc ting dan tir 0 —
1000 kN, v&i budce gia tai bang 200 kN.

3. Két qua phan tich hiéu rng vom trong khoi
dap thong qua két qua mo hinh s

3.1. Sw phan bé tvng sudt trong khéi ddp

Trwéc tién, sy phan bo &ng suit trong khoi
dap khi chwa c6 tai trong tac dung dwoc phan tich.
Hinh 4 biéu dién sw phan bd cia Umg suit dong
nhit theo phwong thang ding zztrong cac 16p dat
khac nhau, ngoai trir phan coc cirng. C6 thé thay
rang, ing suit ting theo do siu, chu yéu la do
trong luc ciia dat. Lép cang sdu sé phai chiu rng
suit theo phwong dirng cang 1én, két qua nay
thong nhat véi cac nghién ciru trong co hoc dat
truyén théng. Bén canh d6, nho c6 sy tham gia cia
coc clrng, g suat tac dung xudng dau coc cirng
16m hém eng sudt tic dung xuéng nén dit yéu, rng
sudt tic dung trén coc trung binh 82*103 Pa x4p xi
16m gap 4 lan tng sudt trén dit yéu (bang khoang
20*103 Pa).

Hinh 5 chira sw phin b6 rng suit trong hé két
c4u, c6 thé nhan thiy rang, ing suit gy baoi tai
trong do nén dip va tai trong ngoai tic dung tir
khéi dap, thong qua qua trinh truyén lwc co ban
trong khdi dap, tai trong sé dwoc phan chia xudng
dau coc va xuéng nén dit yéu. Do d6 lun cta coc
1é6m hon so véi do 1an cia nén dat yéu, hién twong
nay sé lam phat sinh lyc ma sat am quanh than
coc. Lwc ma sat 4m nay c6 hwdng xudng dudi va
c6 tac dung cong tac dung véi ap lue dau coc

— —

Hinh 4. Phdn b6 ttng sudt khi chwa c6 tdi trong
ngoai tdc dung.
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1am cho luc trong coc ting 1én. Tai mdt phang can
bang (u=0), khi chuyén dich twong ddi cua dit
yéu va coc 1a bang 0, khi d6 lwc ma sat Am coi nhw
bang 0, va khi d6 gia tri lwc doc tac dung 1én than
coc dat gia tri 16n nhat.

Hinh 5 cling chi ra rang khi ap Iwc tic dung 1én
tadm mong tang 1én, ap luc tic dung xudng dau coc
cling ting 1én. Hinh 6 cho th4y rang dang phan b
rng suit trong khéi dap, ting dan khi xuéng gan
dau coc. Pay ciing 1a Iy do hién twong truyén rng
suatbén trong khdi ddp dwoc cac tac gia trudc day
xem nhw nhirng vom rng suét.

3.2. Hiéu qud truyén irng sudt trong khéi ddp

Hinh 7 biéu dién méi quan hé giira luc tac
dung phia trén khéi dip dén ap luc tac dung 1én
trén dau coc ctrng va nén dat yéu. Co6 thé thdy rang
ap luc tic dung xudng dau coc 16n gip nhiéu lan,
rng suit tac dung 1én dat yéu, chirng té trong khai

23

dap da hinh thanh cac vom dat (vom truyén luc),
diéu nay lam ting ap luc tic dunglén coc ctirng. Khi
gia tri luc tac dung bang V=400 kN, (rng suit dau
coc va irng sudt clia dit yéu twong ing bing 446,0
kPa va 52,6 kPa. Ngoai ra, khi ap luc gay baéi tai
trong ngoai tang lén, ap luc tic dung xudng dau
cocvaap luc tic dung xuéng dat yéu cling tang1én.
Hinh 8 cho thiy rang hé s6 tip trung (rng suit
twong (rng voi tredomg hop dang xét x4p xi bang 9
khi /=200 kN, sau d6 giam dan khi tai trong ting
1én, n6 c6 gia tri gan bang 5 khi = 1000 kN. Diéu
ndy cling cho thiy rang, khi tai trong ting, tic dung
clia hiéu (rng vom gidm. Hinh 5 da chi ra rang khi
tang tai trong phia trén nén dwong gy ra nhirng
su tiang lén vé (rng sudt cta coc cirng va nén dat
yéu, tuy nhién chwa dinh lwong rd bang bao nhiéu
phan tram truyén cho coc va bao nhiéu phén tram
truyén cho dat yéu.

FLAC3D 5.00

i Group, Inc

|
-1.1670E+06

(b)

FLAC3D 5.00
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Hinh 5. Phdn b6 tng sudt khi tdi trong ngodai tdc dung.
a) V=200 kN; b) V= 600 kN; c) V = 1000 kN.

Hinh 6. Phdn bé ttng sudt bén trong khéi dap
khi tdi trong ngodi tdc dung: a) V =200 kN; b)
V=800 kN.

/

0 & -

0 200 400 600

Ap lwc méng (kPa)
—@— Ap lyc dau coc —d— Ap lrc xudng dat yéu

Hinh 7. Twong quan giira tdi trong ngodi véi dp
Iwc tdc dung xubng ddu coc va dat yéu.

800 1000
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Hinh 8. Hé s6 tdp trung ttng sudt tdc dung Ién coc.
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Hinh 10. Sw phdn b6 lvc doc trong coc theo chiéu sdu
Vo cdc gid tri tdi trong ngodi khdc nhau.

Hinh 9 da g6ép phan lam sang t6 vin dé nay, vi
du khi chwra c6 tai trong ngoai tac dung, hé so giam
rng suat SRR = 0,5, twong trng coc cirng da chiu
50% luc giy bdi khdi dap. Tuy nhién, khi ting tai
trong phia bén trén nén dip, ty 1& phan tram tai
trong truyén lén dat yéu c6 phan tang 1én, gia tri
twong trng tinh dwoc 0,53, 0,57, 0,61 va 0,63 trng
véi tai trong V=400, 600, 800 va 1000 kN.

3.3. Qud trinh truyén tdi trong doc théan coc theo
chiéu sdu

Khi nhén tai trong truyén xudng duwdi dau coc
cong védi phan (g suit gy bdi ma sat do do ldn
cta dit yéu xung quanh 1én hon chuyén vi cta
phén coc, tai trong cda coc sé ting dan theo chiéu
sau cho d&n mit phang can bang bién dang, sau d6
tai trong cta coc sé giam dan theo chiéu sdu nho
lwc ma sat dwong gitra dit yéu véi thanh coc (Hinh
5).Hinh 10 biéu dién quan hé giita lwc thing ding
trén khéi dip véi luc doc clia coc theo chiéu sau.
C6 thé thdy rang khi lwc tadc dung trén khdi dap
tang 1én, luc tac dung 1én coc cling tang lén ro rét.
Ngoai ra, biéu do ciing chi ra rang khi tai trong bén

0.7

o
o

o

t, kPa
o
o

A

I
»

0 gidm ung suai
o
w

A

o
N}

Hé s
o
=

o

0 200 400 600 800 1000 1200
Luec tic dung trén khéi dip (kN)

Hinh 9. Hé s6 gidm ttng sudt xudng nén ddt yéu.

12

—+—Dinh khi dép
—a—Bit veEu
Coc cing

=]

o0

Ba h'mfchuyén i, mm
[

0 200 400 600 a00 oo
Luc tac dung trén khéi dép, k17

Hinh 11. B$ lin ctia nén ddp, ddt yéu va chuyén
vi ctia coc ctng dwdi tdc dung cta tdi trong.

trén khdi dap tang 1én, chidu su clia mit phang
can bang di dich xudng phia dwéi, vi tri clia mat
phéng can bang img v6i V= 0kPava V= 1000 kN
tim dworc tai d0 sau z= 1,5 m va 2,5 m twong rng.
Diéu nay c6 thé duoc giai thich rang, khi ting tai
trong bén trén nén dp, ti trong tic dung trén dit
yéu ciing tang 1én, lam ting chiéu su nén ép cla
dat yéu, do do6 1am tang pham vi tic dung cta luc
ma sat am quanh than coc.

3.4. Pé Iiin cua khéi dap, ddt yéu va chuyén vi
ctia coc

Hinh 11 thé hién do lun ctia khéi dip, nén dat
yéu va chuyén vi cia d4u coc clrng véi cac gia tri
tai trong khac nhau. Trong phén truwéc do, do do
clrng ctia coc 16 hon rat nhiéu so véi nén dit yéu,
d6 14n cua coc nho hon do6 14n cua nén dat yéu rat
nhiéu. C6 thé thiy tir biéu d6 rang dd l4n cha coc
1a khong dang ké chi vao khoang 0,33 va 1,44 mm
twong (rng vi tai trong bang 400 kN va 1000 kN.

Trong khi d6 do lun cta cda nén dat yéu la
dang ké va bang khoang 80+85% dd ltin clia nén
dap, gia tri ctia do lin twong ing véi cac mirc tai
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trong 400 va 1000 kN bang 2,47 va 9,67 mm. Sw
sai khac vé do lun cia dat yéu va coc cirng la twong
d6i 1ém, dat yéu lin nhiéu hon so véi coc, tao ra luc
ma sat xung quanh than coc hwéng xuéng phia
dwdi, lwe nay sé cing chiéu lwc tic dung xuéng dau
coc nho hiéu g vom trong khoi dap.

4. Kétluan

K&t qua md phéng s6 3D bai toan khdi dap
trén dat yéu gia c6 bang coc ctrng da chi ra rang c6
sw hinh thanh cic vom &ng suit trong khéi dap,
diéu nay lam gia tang &ng suat tic dung xudng dau
coc va giam trng suit tac dung trén nén dat yéu.

Khi ting gia tri cda lwc ngoai, rng suit tac
dung xuéng dau coc va nén dit yéu déu tang lén.
Tuy nhién, hé s6 tip trung &ng suat gidm va hé s6
gidm trng suat tang 1én.

Nghién ctru cling chi ra rang c6 su ton tai clia
lwc ma sat Am quanh than coc va mat phang cin
bang chuyén vi. Mit phing can bang chuyén dwoc
tim thdy & d6 siu tir 1,5+2,5 m tinh tir mit phang
dau coc va phu thudc vao tai trong tic dung bén
trén khéi dip. Twong (g véi mat phang can bang
Urng suit, ta tim thay gia tri lén nhat cta lwcdoc
cda coc. Diéu nay c6 gia tri khong nho trong thiét
ké kich thwére va lwa chon vat liéu coc.

K&t qua nghién ctru s6 da chi ra rang khi tai
trong tang dan 1én thi d6 l4n ctia khdi dip, clia coc,
va cla nén dat yéu tinglén, chénh 1éch do 1an gitra
coc cirng va nén dat yéu cling ting lén dang ké. Gia
tri do Iin cda cta nén dit yéu bang khoang 80 -
85% dd lun ctia nén dip, né bang bang 2,47 va
9,67 mm twong ng v&i cac mire tai trong 400 va
1000 kN.
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