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UNG DUNG MO HINH NEN HARDENING SOIL TRONG PLAXIS 3D DU TiNH SUC

CHIU TAI COC KHOAN NHOI

APPLICATION OF HARDENING SOIL MODEL IN PLAXIS 3D TO ESTIMATE THE BEARING

CAPACITY OF BORED PILES

> ThS. Nguyén Tién Diing - B/, Dlia kj thudt- Khoa Xdy dung Truitng ai hoc Kién tric Ha N -

SDI0988120252

Tém tat: DGi vai cong trinh st dung méng coc, stic chiu tai
clia coc la thong s6 dau vao quan trong trong thiét ké nén
mong. Tiéu chuan Viét Nam hién hanh da chi dan nhiéu
phuong phap du tinh stic chiu tai clia coc dan thdng dimg;
tuy nhién, phuang phap phan tr hiu han tién tién chua
duoc chi dan ting dung. Bai bao st dung phuong phép phan
tr hitu han théng qua phan mém Plaxis 3D dé mo phdng va
doi chiéu vai két qua thi nghiém nén tinh coc, tir d6 danh
gia dugc do tin cay va kha nang ting dung clia phuong phap
trong thuc tién.

Tirkhéa: Suic chiu tai coc, coc khoan nhoi, Plaxis 3D, mé hinh
nén Hardening Soil, thi nghiém nén tinh coc.

1. Dan nhap

Stic chiu tai cta coc co thé dugce xdc dinh theo
cac chi tiéu co ly hodc két qua thi nghiém hién
truong [3,4,5] da khong con xa la trong cac do an
thiét ké cong trinh. Uu diém ctia cac phuong phéap
nay la dé thuc hanh, tinh toan theo cong thiic giai
tich, bang tra, sti dung biéu d6 d€ xac dinh dugc gia
tri stic chiu tai cuic han ctia coc. Han ché cac phuong
phap trén la khong truc quan, bang tra chua phan
anh hét sy tuong tac gitia coc va dat. Stic chiu tai
cua coc xac dinh theo két qua thi nghiém nén tinh
hién trudng cé do tin cdy cao nhit, la co s¢ d€ kiém
tra gid tri stic chiu tai thiét ké (tinh theo cac phuong
phép khac nhau) c¢é phu hgp hay khong va kiém
tra chét lugng thi cong coc; tuy nhién, dé tiét kiém
chi phi va tan dung coc thi nghiém lam coc chiu
luc cho cong trinh nén nguai ta thuong khong tién
hanh thi nghiém pha hoai coc, do d6 trong nhiéu
truong hop thi nghiém nén tinh chua xac dinh r6
stic chiu tai cyc han ctia coc.

Phuong phap phan tich tién tién nhat hién nay
la phuong phap phén tt hiu han (PTHH), day la
phuong phap phic tap cin sy ho trg ciia may tinh,
6 yéu ciu cao vé€ do chinh xdc ctia cac thong s6 dau
vao va cho két qua tin cdy. Uu diém ctia phuong
phép nay la iing xt cta dat, tuong tac gitia dat va két
cdu c6 thé mo phong tuong doi chinh xac va hgp ly
trong cac giai doan xay dung. Mac du cé nhiéu uu
diém nhung tinh todn theo phuong phap PTHH

Abstract: For constructions using pile foundations, the
bearing capacity of piles is an important input parameter
in foundation design. Current Vietnamese standards have
guided many methods for estimating the bearing capacity
of vertical single piles; however, the advanced finite element
method has not been instructed for application. This article
uses the finite element method using Plaxis 3D software
to simulate and compare with the results of static pile
compression tests, thereby evaluating the reliability and
applicability of the method in practice.

Keywords: Pile bearing capacity, bored pile, Plaxis 3D,
Hardening Soil model, static pile compression test.

doi hoi kinh nghiém va sy hiéu biét ctia ngudi phan
tich khong chi vé van dé dia ky thuat ma con vé
phuong phap tinh, thong s6 st dung va moé hinh
st dung. Plaxis 3D mot chuong trinh thuong mai
kha phé bién trong phén tich cc bai toan lién quan
dén dia ky thuat; tich hgp nhiéu loai moé hinh tinh
toan phu hgp véi nhiéu loai dat nén, két cdu khéac
nhau. Viéc nghién ctiu, danh gid cac mo hinh tinh
toan trong Plaxis nham ung dung ting d6 chinh
xac cho qua trinh tinh todn, thiét ké stic chiu tai
cua coc la can thiét. Trong bai bao nay, tac gia st
dung Plaxis 3D d€ m6 phong tinh toan stic chiu tai
coc khoan nhoi cho cong trinh “Toa nha hon hgp
thuong mai dich vy, van phong va cin ho cao tang
Pandora” ¢6 vi tri tai S6 53, pho Triéu Khic, quan
Thanh Xuén, Ha Noi bang viéc sti dung mé hinh
dat nén Hardering Soil (HS). Két qua phén tich cho
thay phu hgp véi két qua thi nghiém nén tinh hién
truong va thién vé€ an toan.

2. ing dung mé hinh nén Hardening Soil trong bai

toan du tinh stic chiu tai cda coc khoan nhoi

2.1 M6 hinh Hardening Soil (HS) trong Plaxis3D

M6 hinh HS 13 m6t m6 hinh tién tién d€ mo
phong ting xt cua cac loai dit khac nhau, ca dat
mém va dat cting , Schanz (1998). Su tién bo ctia
mod hinh HS so véi mé hinh Morh-Coulomb (MC)
6 thé tom tit nhu sau:

- Bé mit gii han chdy ctia mo6 hinh HS c¢6 thé
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thay d6i trong khong gian ting sudt chinh do bién
dang déo. Bién dang déo nay gom hai thanh phén la
bién dang déo do ting suit léch chinh gay ra — dac
trung boi do cling cat (shear hardening) véi tham
s6 ddu vao la do cting cit tuyén (Secant stiffness) E'
va bién dang déo do ting sut nén chinh trong thi
nhiém hop nén Oedometer, tai trong ding hudng
gy ra — ddc trung boi do cling nén (compression
hardening) véi tham s6 dau vao la do cing tiép
tuyén (Tangent stiffness) E .

- B€ mat gidi han chay ctia mo hinh HS dugc s6
sung thém mét ma giéi han chay (cap yield surface)
dé mo ta dugc bién dang déo thé tich ctia dat. Mat
mu gidi han chdy d€ dong viing dan hoi cac dudng
ting sudt nén. Néu khong c6 méit mii gidi han chay
nay, sé khong thé xay dung mo hinh c6 dau vao doc
lap ctia ca Ef va E . M6 dun EX' ki€m sodt phan
16n mat gi6i han chay do cit va mé dun E " kiém
soat mét giéi han chay ma.

Matgisihanchdydocdt  ~~~__ -
(the shear yield surface)

Mat m gici han chay

Mp, (the cap yield surface)

ccol @

Hinh 1. Bé méit gidi han chay trong mat phing toa dd p—q [2]

- Mo ta dugc trang thai dat khi do tai/ chat lai,
tham s6 ddu vao la d¢ cling d& tai/ chat lai E¥, v _

-Dg cling cia dat (E_,E_,E ) thay Q‘.Gi theo do
sau phu thudc vao tng suét chinh ( 6,,5,) 6 do sau
do theo cdc biéu thic sau:

50 — =50 ref

E _E,ef(ccosq)—qﬂ'n(pj 1)
ccos@+p™ sing

E g [w] 2
ccosp+p™ sing
« [ ccosp—c.sing )"
Eoed = Eoefd [#] (3)
ccosp+p™ sing

Trong do:

G,,0, lan lugt 1a ting suit ban than hiiu hiéu va
ap luc hong hitu hiéu, c6 gia tri am khi chiu nén.

Hé s6 mi, m, phu thudc vao loai dat.

Ap luc tham chiéu, p, chinh 1 4p lyc bu6ng
trong thi nghiém nén 3 truc theo so d6 CD hodc thi
nghiém nén Oedometer; ti cac thi nghiém dé xac
dinh dugc EX va E ™.

2.2 Cac thdng sé ctia mé hinh Hardening Soil

Cac thong s6 co ban ctia m6 hinh HS gom c6
cac thong s6 vé d¢ cling (Ex, E™, E<, v , m, p_)
va thong s6 vé cudng do (¢, @; ¥). Dua theo chi
dan trong s6 tay Plaxis [2], cac tiéu chuén lién quan
[3-10] va cic nghién ctu gan day[1,11,12], chi dan
xac dinh céc thong s6 trong mo hinh HS dugc tom
tat nhu sau:

- D¢ cling cét tuyén E¥'1a gia tri hitu hi¢u, dugc
xac dinh ti thi nghiém nén 3 truc so d6 CD theo
hinh 2; khi khong c6 két qua theo so d6 CD c6 thé
tinh EX' theo so d6 CU, khi d6 quy d6i sang d cting
httu hiéu theo cong thtic sau [8]:

2(1+v')
E'= TEu ~0.73E, (4)

Trong d6: v ~0.25+0.00225(,) (5)

Xac dinh EX theo két qua thi nghiém xuyén tiéu
chuin SPT [8] nhu sau:

Dat dinh, theo Butler (1975):

E’ = (600 + 700)N, (kPa) (6)
bat roi, theo Burland va Burbidge (1985):
E'=(1000 + 5600)N, (kPa) )

Xac dinh EX' theo luc dinh khong thoat nuéc, S ,
tti thi nghiém UU, QU, VST nhu sau[8]:

E’ = (200 + 500)S, (kPa) (8)

- Do cling tiép tuyén Eurref xdc dinh tu thi
nghiém nén 3 truc so d6 CD theo hinh 2, thong
thuong E*'= 3 Er°.

|U1 - agl / i
A /’E"i’ ,’
1/ B )

Y

Strain( E)I

Hinh 2. Dinh nghia Ef va E™* trong két qua thi nghiém nén 3 truc
thoat nudc[2]

- Do cling tiép tuyén E " xac dinh tli thi nghiém
Oedometer theo hinh 3, thong thuong E = EX.
Luu y do6i vé6i dat dinh & trang thai chay, déo chay
(soft soils) thi (1.25+2)E "= Ex.

- Hé s6 mi, m, phu thuc vao loai dat, chuong
trinh d€ mdc dinh m = 1. C6 thé tham khao gia tri
m nhu sau [1]: cudi soi, dat cat ldy m = 0.5; cat pha
lay m = 0.55; sét, sét pha ldy m = 0.55 + 0.9; dat sét
yéulay m = 1.
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- Ap lyc tham chiéu, p*, 1a 4p lyc budng trong
thi nghiém nén 3 truc theo so d6 CD hodc thi
nghiém nén Oedometer. Chuong trinh mac dinh
p=100kPa.

_a-l A

.El'

Hinh 3. Dinh nghia E *trong két qua thi nghiém Oedometer{1]

- G6c ma sat trong hitu hiéu, @) va luc dinh hitu
hiéu, ¢, dugc xac dinh tu thi nghiém nén 3 truc
theo so do CD; trong trudng hgp ldy tii két qua
thi nghiém CU thi can quy ddi theo cong thtic sau
[11,12]

Véi dat dinh trang thai déo mém dén chay([12]

Q' =0 (1+0.01W/5.855) 9)
C'op =C'¢y/ (1+0.01W /2.009) (10)
Véi dat dinh trang thai déo mém dén cting [11]
¢'p =0.99¢',—2.97 (11)
C'p=1.07C",-1,74 (12)

Dai voi dat roi, khong cé két qua thi nghiém nén
3 truc thi c6 thé tinh ¢’ theo N, theo cong thic:
¢'=12N_ +a, VOi a = 15+25 tuy thudc vao trang
thai dat; luu y v6i dat roi =0 kPa, tuy nhién dé
tranh sy bat thuong, nén nhép it nhat mot gia tri
nho (st dung ¢’ > 0,2 kPa).

- Luc dinh khéng thodt nuéc S (khi st dung
tng xti Undraind B) dugc xac dinh tu thi nghiém
UU, QU, VST.

- Goc léch y: v = ¢’-300 va =0 khi ¢’ < 300.

» Cac thong s6 nang cao (dugc khuyén st dung
gia tri mac dinh)

£ D0 cling dd tai/ chét lai (méc dinh E*=3 E5Oref)  [kN/m’]

v, Hé 56 poisson dd'téi/chatlai (mdcdinhv =0,2)  [-]

pe Ap luctham chiéu (micdinh p®=100kN/m3)  [kN/m?]

K- KO - Gid tri cho su ¢ két thong thuGng (mdcdinh  [-]
K=1 -sinp)

R He s6 phd hoai q./q_ (mécdinh R =0,9) [

0.,  Ungsudtkéo(macdinho . =0) [kN/m?]

ey 01O khéng cit clia vt liéu theo chiéu [kN/m?]
sau (mdcdinh ¢ =0)

increment —

2.3 Ung dung trong bai toan xac dinh stic chiu tai clia
coc
Du 4n xay dung cong trinh “Toa nha hén hgp

thuong mai dich vy, van phong va cidn hd cao tang
Pandora” c6 vi tri tai S6 53, pho Triéu Khic, quan
Thanh Xuan, Ha No¢i. Cong trinh st dung giai phap
mong coc khoan nhoéi duong kinh D1200 va D800
vGi cdp do bén B35. Coc D1200 dai 48m, miii coc
cam vao 16p cudi sdi, stic chiu tai thiét ké 1a 1000T;
coc thi nghiém ky hiéu TN2, tai trong thi nghiém
14 2050T. Coc D800 dai 45m, mii coc cdm vao l6p
cudi soi, stic chiu tai thiét ké1a 450T; coc thi nghiém
ky hiéu TN3, tai trong thi nghiém la 950T.

Coc dugc m6 phong bang phén ti khéi (volume)
v6i mo hinh dan hoi tuyén tinh (LE), Ging xt khong
6 16 rdong (Non-porous). Dia tAng dién hinh va cac
thong s6 mo hinh HSM da dugc xt ly s6 liéu theo
chi dan muc 2.2 dugc téng hgp 6 bang 1.

Phan tich bang Plaxis 3D, stic chiju tai ctia coc
dugc xdc dinh tlii dudng cong chuyén vi (u) va
hé s6 > Mstagel] . Stic chiu tdi ctia coc bang hé s6
> Mstage[] trong biéu d6 nhan véi tai trong téc
dung lén coc, tii do thiét 1ap dugc duong cong
chuyén vi (u)) va tai trong tac dung Ién coc. Két qua
thi nghiém nén tinh va phan tich bang Plaxis 3D thé
hién trén hinh 4 (coc D1200) va hinh 5 (coc D800).

D1200-Quan hé tii trong nén- d6 lun P (T4n)

1000 1500 2000 2500

=== Thi nghi&m nén tinh-
-30 D1200(s=42.9mm)

& e Plaxis 3D-
D1200(s=48.05mm)

\

s (mm)

Hinh 4. Biéu d6 so sanh két qua gia tai coc D1200

D800-Quan hé téi trong nén- d6 lun P (Tén)

400 500 600 700 800 900 1000

-10
== Thi nghiém nén tinh-
g DB800(s=23.69mm)
.20 g P15 3D-DB00(5=27.65mm) \
= \

s (mm)

Hinh 5. Bi€u d6 so sanh két qua gia tai coc D800

Tir két qua phan tich trén cho ta mét so nhan xét sau:

- St dung mo hinh nén Hardening Soil (HS)
trong Plaxis 3D mo phong bai todn nén tinh hién
truong tii d6 du tinh stic chiu tai ctia coc khoan
nhoi cho két qua rat tin cdy va thién vé an toan.
V6i Plaxis 3D, ching ta hoan toan c6 thé mé ta thi
nghiém nén tinh dén khi phd hoai coc hoan toan, tu
do du bdo dugc stic chiu tai cyc han cta coc.
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Bang 1. Thdng s6 dat nén md hinh Hardening Soil (HS)

Mé hinh HSM HSM HSM HSM HSM HSM
Ung xir UndrainedA  Undrained A Undrained A UndrainedA  UndrainedA  Drained
Trong lugng riéng tunhién kN/m*  19.20 16.60 18.40 19.40 19.80 19.90
Chiso déo Pl (%) 17.7% 15.5% 6.0% 21.8% 12.9% -
Trong lugng riéngbdohoa v kN/m*  19.40 17.07 19.15 19.63 20.17 21.90
He 56 rong tu nhién e - 0.82 136 0.83 0.80 0.69 043
Tris6 SPT N, bia 6 5 6 24 24 50
Stickhdng ctkhong thoat  Test uw uw uu SPT/DS SPT/DS SPT/DS
nude Su  KkPa 163 8.1 70 524 530 0.0
Test W W w DS DS SPT
c kPa 1441 8.90 8.83 2330 21.50 0.25
Stickhang cat hitu hiéu
¢ Deg 2099 20.75 2248 16.20 17.50 44.49
¥ Deg 0 0 0.00 0.00 0.00 1449
E;gf kPa 8150 4050 3500 14800 17100 60000
o E;:; kPa 8150 4050 3500 14300 17100 60000
Bhcing B k2 28450 12150 10500 44400 51300 180000
m - 0.94 0.79 0.79 0.78 0.78 0.50
; - 0.2 0.2 0.2 0.2 0.2 0.2
Phan titiép xtic R, - 070 070 0.70 0.70 070 00
Day6p dat m 65 306 345 384 W} 60
Mutc nucngam Mo -11.00

- D6i v6i coc khoan nhéi duong kinh 16n, 16p
dat cudi s6i 6 miii coc dong vai tro quan trong nhat
dén gia tri stic chiu tai ctia coc. Tuy nhién, trong céc
bao cao khao sat dia chat thuong thiéu nhiéu thong
tin vé 16p dat nay nhu vy, e, ¢, @, E_ﬁjf... do khong
ldy dugc mau nguyén dang va dic biét gia tri N,
thuong ghi chung chung N, >50 hodc N, >100. Vi
vay, dé xtt ly dugc s6 liéu dau vao mo hinh HS cho
16p dat cudi soi doi hoi can cé kién thiic chuyén
mon sau vé dia ky thuat, tham khéo cac tai liéu
chuyén nganh va can nghién ctiu thém.

- Két qua thi nghiém nén tinh cho thdy diém
udn kha ro rang & gia tri tai trong 2000T véi coc
D1200 va 900T véi coc D800. Tuy nhién, duong
cong theo Plaxis 3D chua thé hién rd diém u6n &
nhiing gia tri tai nay; qua d6 cho thay viéc nghién
ctiu ky hon doi véi 16p cudi soi 1a can thiét.

3. Két luan

- Bai bdo da phén tich va chi dan cach xac dinh
cac thong s6 mo hinh HS trong Plaxis 3D theo s
liéu bdo cdo khao sit dia chit va cic tiéu chuin,

nghién ctiu hién hanh; di€éu nay mang y nghia thuc
tién vi ching hé trg ngudi ky su khi thiét ké cac
cong trinh cé thém co s¢ dé€ ldy thong s6 dia chat
dau vao.

- Sti dung phan mém Plaxis 3D d€ m6 phong bai
toan nén tinh hién truong tli d6 du tinh stic chiu tai
ctia coc khoan nhoi cho két qua kha sat thuc té hién
trudng va thién vé an toan. 1

Tai liéu tham khao:

1.Ngb buic Trung, xac dinh mé dun bién dang dd tai va tham s
mil (m) ctia dat yéu TPHCM trong mo hinh hardening soil,
tap chi khoa hoc va cong nghé thuy loi s6 49-2018.

2.Plaxis 3D 2023.1 Reference manual and Meterial-Model
manual.

3.TCVN 10304:2014. Méng coc - Tiéu chuén thiét ké, NXB Xay
dung, Ha Noi.

4.TCVN 9393:2012. Coc- Phuong phap thii nghiém hién truong
bang tdi trong tinh ép doc truc, NXB Xay dung, Ha Noi.

5.TCVN 9351:2012. it xay dung- Phuong phép thi nghiém
hién trudng- Thi nghiém xuyén tiéu chuén (SPT).

Xem tiép trang 36




36

TAP CHI NGU'G1 XAY DUNG
SO 398 THANG 5 - 2025

va phé duyét.

Néu chua dugc phé duyét thi nha thiu can xem
xét kiém tra stia chiia cac 161 dung theo yéu cau.

k9. Trinh cho tu vdn giam sat - cha dau tu
nghiém thu.

k10. Khi dugc tu van giam sat-chu dau tu phé
duyét thi hoan thanh tiép du an.

k11. Thuc hién thi cong bao che: 16p mai ton,
xay tuong thung ton,...

4.Kétluan

Hién nay thuc trang quan ly thi cong cac cong
trinh cong nghiép tai viét nam van con nhiéu han
ché c6 thé k& dén nhu: ting dung cong nghé so
(BIM, phan mém quan ly), thiéu dong bd trong
kiém soat chat lugng vat tu va tién do, cing nhiing
rui ro trong thi cong két cdu thép. Nguyén nhan
chinh 1a do cac doanh nghiép xay dung hau hét
van chua cht déng dé ap dung nhiing cong nghé
mdi, con long 1éo trong khau kiém sodt, giam st
cong trinh khién cho chat lugng thi cong ctia doanh
nghiép trong nudc kho canh tranh véi cac doanh
nghiép nudc ngoai.

Dua trén két qua phén tich tdng hgp cac quy
trinh va nhiing lgi ich cting nhu rao can trong ap
dung vao thuc t€ thi cong cua cac doanh nghiép
tai Viét Nam, bai bdo dé xuat cac bién phap hoan
thién cong tac quan ly thi cong cac cong trinh cong
nghiép. Cac bién phap dugc dé xuat tu viéc ap dung
cong nghé s6 cho t6i cach kiém soat chat lugng vat
tu va tién do, cung nhiing rui ro trong thi cong két
cdu thép dua theo cac Thong tu, Nghi dinh ctia nha
nudc ban hanh.Q
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