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TOM TAT: Bai bdo sé trinh bay cdch xdc dinh cdc hé 56 sitc chiu tdi N,, N,, N, ciia ddt nén
dudi méng bdng bdng phuong phdp phdn ti hitu han (PTHH) phi tuyén vdi thudt gidi Newton-
Raphson. Trong phdn tich PTHH, ddt dugc mé hinh bdng phdn ti ni gidc ding tham s6 4 nit vdi
ung xit cia vdt lieu la dan déo tuyét doi. Tiéu ehudn chdy déo Tresca, Mohr-Coulomb sé dutgc dp
dung trong truong hgp ddt khdng thodt nudc va thodt nudc. Méng bdng vdi gid thiét mém hay ciing
5& dugc thé hi¢n bing cdch diéu khién chuyén vi hay luc tai nhifng niit ngay bén dudi méng. Bai
bdo nay dugc tién hanh nhdm: khdo sdt dnh hudng dé nhdm ciia méng, ving sudt ban ddu ciia dat
dén sitc chju tdi ciia mong. Két qud ciia qud trinh tinh todn s& duge kiém chiing lai bdng 10i gidi
gidi tich dua trén ly thuyét trang thdi tdi han (TTTH).

1. Téng quan
Kha ning chiu tdi cia dit nén dudi méng bang chiu lyc ding thudg dude xdc dinh bing cdch
ding cdng thitc dugc Buisman (1940) va Terzaghi (1943), v6i gia thi&t sitc khing cit ciia dit c6 thé
thé hién bing dudng bao phd hoai Mohr-Coulomb (c,$), d& nghi [1,2,3,5]:
Qult
A
v8i Qui, que = I va dp lyc tdi han; A = dién tich méng; y = trong lugng riéng dat; ¢ = lyc dinh va ¢ =
gdc ma sdt trong dat. Cdc hé s sic chiu tdi N, Ny, N, thé hién sy déng gép ciia cic thanh phin lyc
dinh, lvc bé mit va trong lugng riéng vao sitc chong cit cia dat.

"~ T viéc ding 1y thuy&t déo d€ phén tich sy xuyén cda d€ méng cing vio trong dit, Terzaghi
(1943), vdi céc gid thi€t: géc clia ném dit dudi méng nhdm o = ¢ (Hinh 1) va khoéng xét dén sic
ch6ng c4t clia phin dit bén trén méng (dudng cd — Hinh 1a), di dé nghi biéu thitc x4c dinh cdc hé s8
stc chiu tdi trén nhu sau:
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Meyerhof (1963), v6i gia thiét a = : Nab i agc ks o
45° + ¢/2 va c6 k€ dén sitc khang %, S8
cit cla ving di't bén trén méng, da e TR il
dua ra céc biéu thifc: | di@ziamﬂl—“m”
N, = ™" tan’(45+¢/2) ®
N, = (Ng-1)cotgd Hinh 1: Co ché phd hity do Terzaghi, Meyerhof dé nghi cho
N, = (Ng-1)tan(1.4¢ ) mong nong nhdm

Ngoai ra, Hansen (1970) ciing da dé nghi N, = 1.5(N,-1)tan va Vesic (1973,1974) thi d& nghi: N, =
2(Ng+1)tand; cdc gid tri N, Ng cda Hansen va Vesic tudng t nhu clia Meyerhof [2,5]. M6t s6 téc gid
khédc ciing dva ra nhitng gid tri N, Ny, N, khdc nhau, nhung ngoai trir N,, chénh 1&ch cic gi4 tri N, Ng
khdng 16n khi so vdi cdc 10i gidi trén.
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Vi sitc khang cit dudc thé hién bing duding bao phd hoai Mohr-Coulomb, trong tinh todn s&, nhu
phudng phip PTHH, sai phan hitu han,... d&t hoin toin c6 thé dugc md hinh bing vat liéu dan déo
tuyét doi Tresca khi xét ddt khong thodt nudc hay Mohr-Coulomb khi xét dat thoat nudc. Khi ding
PTHH, ta khong nhitng x4c dinh dudc gid tri Iuc t6i han .na cdn c6 thé thi€t 14p m&i lién hé giita lc -
dd lin, khdo sdt dugc 4nh hudng ciia dd nhdm méng va trang thdi ng sui't ban ddu d&n sic chiu tdi
ciia dat nén. Ngoai ra, ing dung PTHH cdn md ra mdt hudng nghién citu kha thi d&i véi cic trudng
hgp c6 t8 hgp tdi trong va dia chi't phic tap ma khong thé nghién cifu dugc bing 1y thuyét TTTH.

2. Co s6 1y thuyét
2.1. S¢ luge vé Iy thuyét déo 4p dung cho dit nén

Ham chdy déo: f ({o},{k}) = 0 vdi {k} 1a théng s cling c3.
Ham th€ ning déo: p ({o},{m}) =0 v6i {m} 12 théng s& trang th4i.

Gia s6 bi€n dang tdng, {Ae} : {Ae} ={Ae} + {Ae?} )
Lién hé giita gia s6 ng suat va bi€n dang: {Ac}=[D*] {Ae} (3)

Ma trin @ng x\ vat liéu, [D?], ¢6 dang:

[D]{ap({c},{k})}{ﬁ({o},{k})} (D]
[D*]=[D]

. oo dc 4)
{af({ﬁ},{k})}T (D] {ap({c},{k})}+ A
oc oo

Tiéu chudn chdy déo: [3]
]
% Tiéu chudn Tresca : 2(J, )ACOSG=ZS =g 5)
vdi S, 1a sic chﬁng c4t khong thodt nudc clia ddt nén, 4p dung cho giai doan thi cong titc thdi ngay sau
khi thi cdng trén nén dat dinh.
= ! | SPIEREE
% Tiéu chudn Mohr-Coulomb: gllsm¢’+(J 2)/2 (cosewﬁsmesmqa')= c'cos¢’ (6)

v6i 8, ], J, 12 cdc bt bi€n ciia ng sudt 1&ch, ¢’, ¢’ 12 Iuc dinh, géc ma sét trong ciia dit, 4p dung cho
nén d4't & giai doan da lin &n dinh.

2.2, Phudng phap PTHH
Trong bai bdo ndy, dit s& dugc md td bing phin tif ding tham s& 4 nit v6i 2 bic ty do tai mbi
niit. Trudng chuyén vi trong phin ti:

(aq) ={’:3}=[N1{23} ~IN{Ad}, 7

v8i N; 12 him ndi suy va ciing 12 hAm dang cia phin td.

Lién hé giita bi€n dang va chuyén vi: {Aa}=[B]{Ad}n, véi [B] 12 ma trin chifa dao him cia
ham dang va {Ad}, chifa chuyén vi nit cla mot phin tf. Quan hé gita @ng suit va bi€n
dang: {Ab}=[D]{As} , VBi {AG}={AG,‘ Ao, At,, Acz} . Cyc ti€u héa phi€m ham ning lugng, ta c6:

nel nel

2 [Ke] ((ady,), Z{AR } : | (8)
trong 6, [K;]= [ [B]"[D][B] dV 1a ma tran do ciing phin ti ©)
{AR;}=[ [N]'{AF} dV + [ [N]'{AT} dS 1a véc td lyc nit (10)

v S

véi nel= tdng s8 phén tif ciia két cdu, {AF)"=(AF,, AF,} 1 véc 10 luc khdi, (AT)"={AT,, AT,} 1 véc
to luc bé mit, S 12 phdn bién cia mién c6 lvc bé mit tic dung, V 12 thé tich cia mién khio sit.
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2.3. PTHH phi tuyén
Phudng trinh hé théng:
[Ko] {ad},; ={aRc} an
véi [Kq]' 12 ma tran dd cing t8ng thé, (Ad}.c va {ARg)' 12 gia s& chuy&n vi niit, luc nit.
Do vit liéu c6 tng xit din déo nén ma trin d6 cing tdng thé cla phuong trinh trén s& thay ddi
theo gié tri chuy&n vi. Do d6 hé phudng trinh nay s& c6 dang phi tuyén. D€ gidi quy&t vin d€ nay, ta
dung gidi thuit sau:

Gidi thudt Newton-Raphson

Qué trinh gia tai s& dudc chia thanh nhiéu giai doan. K&t qua cudi cing s& la tong cia cic két
qué gia s0. Ung suat va bi€n dang s& dugc x4c dinh tai cdc diém Gauss. Céng doan quan trong nhét
trong gidi thudt 12 dua @ng sud't tif ngoai mat chdy déo vao mat chdy déo khi ing suélt t6ng tai diém
Gauss d6 vugt qua ngudng déo [3.4].

Lui gidi chinh xdc
4 S T F=0
_________ "y [y
T =
4R, bEo
1
i
_____ Ad' fad’
[
| I
Chuyénvi q,
a.Gidi thudt Newton-Raphson (modified) b. Tién trinh dua itng sudt vé mdt chdy déo

Hinh 2: Gidi thudt Newton-Raphson.

2.4. PTHH trong phén tich @ng xif ciia dat dudi méng bing

Piéu khién lye Piéu khién chuyén vi

M6ng trdn Méng nhdm

A A
R KHONG THE

= u =

AF. y L. A
v
¥ ()

a. Truong hgp méng mém

Piéu khién lyc Piéu khién chuyén vi
Méng tron Méng nhdm Méng trdn Méng nhdm
AH, AR, Ay . Ay
AF:= y Ay = p AFx y i Ayl =0
Ay| déu (\.‘ Ay| déu fVL
_—.v ) ¥ M

b. Truong hgp mdéng cung
Hinh 3: Piéu kién bién ciia nhitng nit ngay bén dudi méng
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Do khé khin khi xi¥ Iy v&n dé ti€p xic giita méng va dat trong PTHH [3], d€ th€ hién dudc tuong tic
clia mot méng bang mém hay cifng, tron hay nhdm khi dat trén nén dat, ngudi ta thudng ding cich dp
datcdc gid tri chuyé’n vi hay luc clia nhitng nit ngay bén dudi méng — Hinh 3.

3. Vidu

Ludi PTHH ding trong phén tich méng biing
Trong bai bio nay, méng bing dudc gid sk la 1
citng tuyét ddi c6 bé rong bing 2m. Véi gid
thi€t nay, qué trinh phan tich dng xit dit s&
dudc ti€n hanh bing cich diéu khién chuyén vi
tai nhitng nit ngay bén dudi méng. Do diy la €
bai todn bi€n dang phing, d6i x\ng truc nén ta
chi cdn xét % méng. Ving dit khdo sat 1a
10x20m; ngodi pham vi ndy, dnh hudng cla ; &

méng bing dén dit nén khong dang ké nén c6 Hinh 4: Ludi PTHH ding 4 phan tich

2 2
thé bé qua [2,3]. itng xit ciia ddt nén dudi mong bang

20m

v

Viing dit dudi mép méng, c6 bi€n dang 16n khi chju tdi, s& dugc m6 hinh héa biing nhiéu phin t;
cang ra xa thi s& lugng phin ti md ta ddt cang gidm di [3]. Téng s& phdn ti cdia hé 12 918 phén ti.
‘Tng sb béc ty do 1a 2150 bac. Cac vi du sau diy sé dudc ti€n hanh khdo st bing STRIP, mdt chuong
trinh nhé dudc viét bing ngdn nglt Matlab dua trén cd s6 1y thuyét da dudc trinh bay véi phén chia
ludi dude thuc hién bing CalFEM/Pre, mot phan mém phuc vu cho day va nghién citu vé PTHH ciia
Pai hoc Lund, Thuy Dién.

3.1. Khio sit dit nén dudi méng bing trong giai doan tifc thdi khdng thodt nude

Phan tich dudc ti€n hanh véi dit c6: E,= 100 Mpa, S,= 100 kPa, v=0.49,y=20 KN/m®, y,=10
kN/m?, gia s6 chuyén vi 12 0.001m, myc nu6c ngidm nim & mat dat. Khi gia ting chuyén vi tai nhitng
nit ngay dudi méng, luc twong dudng véi gia s6 chuyén vi nay dugc xdc dinh nhu sau:

(Q=[ BI'({s}-{s;})dV — (12)

vai {Q} 14 vectd phdn luc, {c} 1a vectd Wng suit tong tai budc gia tdi dang xét va {o;} 12 vecto dng
suit tdng ban diu trong dt trudc khi gia tdi. Hé s6 sic chiu tdi clia di't nén trong trudng hgp khong
thodt nudc la:

o Qmax
Q=N AS, =% NFo—=

AS

Qua khio s4t hai trudng hgp méng tron va méng nhim, theo biéu dé lyc - chuyén vi, Hinh 5, ta
nhén thiy hé s6 sifc chju tdi N, ciia phdn tich PTHH trong trudng hgp méng nhdm 16n hdn trong phan
tich méng tron. Chénh 1&ch gilta k&t qué s& va 13i gidi ciia Prantld, 13i gidi gidi tich - N. = 5.14 [2,5],
khodng 5-10%.

3.2. Khio s4t anh hudng ciia trang thdi @ng suit ban ddu trong dit nén khﬁng thodt nude dudi
tdc dung méng biing dén ng x\ cia dat

P4t trong phén 3.2 c6 dic trung cd 1y tudng ty
nhy phin 3.1. Hé s6 4p lyc ngang, K,, cla dit
tai trang thdi cin bing tinh sé dugc thay d&i dé
nghién cifu dnh hudng cla trang thdi ndy dén
Wtng X cing nhu khd ning chiu tdi cha ddtnén. |r::n " 0
P6i véi dit qud o6 két, K,=+OCR. Tién [ =~ |

hanh khdo sdt 3 trudng hgp K,=0.5, 1, 2. Hinh 4: Co che phd huy va vung bten dang déo

dudi mdng bdng (6x8 m) vdi K,=0.5,1,2

(13)
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Hé s6 sitc chiu tai
Ni
[+
\‘
Heé sé sitc chiu tdi
Nc

2
/ = Mg trdn-Ko=05
1 = = = -Méng tran-Ko=1

= = = +Mdng trdn
Mdng nhim 0 . —

0 0.02 0.04 0.08 0 0 0.02 0.04 0.06 0.0:
bj lin b6 hin

Hinh 5: Pudng cong lyc - d@ lin ciia méng Hinh 6: Lyc-dj lin ciia mdng bdng trong truong
bdng trong truong hgp khéng thodt nudc hop khdng thodt nudc - K,= 0.5,1,2
Tit k&€t qué phén tich co ché€ ph4 hiiy va viing bi€n dang déo bén dudi méng, Hinh 4, cho th&y khi K,
ting, ving chdy déo phit trién xa hon v& hai phia va it siu hon, nhung bi€u dé luc chuy&n vi, Hinh 6,
cho thay gi4 tri Iyc ti han thay ddi rat it.

Méng trdn-Ko=2"

3.3. Khdo sdt dit nén dudi méng biing trong trudng hgp dat khoéng trong lyc, thodt nudc va cé
lyc bé mat

Phén tich dugc ti€n hanh véi dit c¢6 dic trung X
cd 1j: E’=100Mpa, v =0.3,y= 0 kN/m®, ¢'= S, o

OkPa, ¢’= 25°. Ti€n hanh khdo sdt 3 trudng : il F

hgp: méng tron v6i lwc bé mit q'=10 kPa, ;
méng tron va nhdm vdi q’=100 kPa.

T dudng cong luc - d6 lin, Hinh 7, ta
nhin thdy d6 nhdm ciia méng 4dnh hudng it
dén gid tri Ng. Luc bé mit, q’, 4nh hudng 16n

.d&n d6 lin khi dat d€n TTTH nhung khong o R T F R X
dnh hudng dén gid tri N,. ; B lin
Hinh 7: Luc-d§ lin ciia mdng bdng trong .
truong hgp khéng thodt nudc-K,=0.5,1,2

Chénh 1&ch ciia 13i gidi s8 so vdi 19 gidi cla gidi tich Terzaghl trong trudng hop ¢’ = 25°thi N;=12.7,
vao khodng 10%.

3.4. Khio sdt dit nén dudi méng bing trong trudng hgp dat thodt nude va khdng cé lc bé mat
P4t nén c6 dic tinh co 1y: E’= 100 Mpa, v= 0.3, y=18 kN/m’, ¢’= 0 kPa, ¢’ = 25° Gid thi€t muc
nudc ngdm n¥m & mat di't. Gia s6 chuyén vj 12 0.0001m. Khi g=0 kPa, ¢ = 0 kPa, thi Ny= Q/Ay’. Tién
hanh khdo sdt 2 trudng hgp méng tron va nhdm.

K&t qua phan tich PTHH dudc thé hién trén Hinh 8, 9. _

Mdng tran, q' = 10kPa
= = = «Mdng nhdm, q' = 100kPa
Médng trdn, ' = 100kPa

Heé s6 sitc chiu tdi
(Nq)

o N & O o0
- ||A-..

= 4 .’-,r_ 211! 2 /
¥ Sezizze ,_//f!fr}’ & 6
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! {
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e e ///If//.'J.rI i

) R A .=
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Hé s& sttc chiu thi

N,

n »

“‘

\
‘I

g

1]

¥

0 0.003 0.006 0.00¢

a. Mong tron b. Méng nhdm : B4 lin
Hinh 8: Co ché phd hiiy ciia méng tron va Hinh 9: Pudng cong luc — dj lin ciia mong
moéng nhdm — 2x3m bdng trong trudng hgp cd thodt nudc
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Qua biéu dd lyc — d6 hin, Hinh 9, ta nhén thdy phan tich méng nhdm cho gi4 tri N, 16n hon
khodng 40% so v&i phan tich méng tron. Cd ch& phd huy cia mc’mg tron va nhdm trén Hinh 8 cho thiy
chiing ciing khdc nhau khé rd rét. Gid tri N, ciia phin tich s8 trong trudng hgp méng nhdm sai 1&ch
khodng 10% so v6i 18i gidi gidi tich cia Terzaghi. Vay d6 nbdm ciia méng dnh hudng 16n d&€n gid tri
N,.

4. Kétluan :

Phuong phdp PTHH phi tuy&n va phdn ti hitu han trong chudng trinh STRIP dd § mic dd chinh
xdc chua cao nhung vin xdc dinh dudc cdc két qué gidi tich trong céc trudng hop riéng. Di€ém manh
clia 13 gidi ndy 1a cho thdy dudc (ng xi¥ clia dit nén trong qué trinh gia tdi va c6 thé xét d&€n cdc dnh
hudng dic biét nhw dnh hudng dd nhim cia méng, dnh hudng cia hé s0 4p luc ngang cuia dit tai
trang thdi nghi.

DETERMINATION OF SOIL BEARING CAPACITY FACTORS UNDER STRIP
FOOTING BY NON-LINEAR FINITE ELEMENT METHOD

Chau Ngoc An ¥, Truong Quang Hung @
O University of Technology — VNU-HCM, ® University of Technical Education HCMC

ABSTRACT: In this article, calculation of soil bearing capacity factors N, N,, N, under strip
footing will be presented by using Non-linear Finite Element Method with the Newton-Raphson
approximation. The soil will be discretized by four noded isoparametric finite elements and will be
idealized as an elasto-plastic material in these analyses. The Tresca and Mohr-Coulomb yield
criterions are applied in undrained and drained problems successively. Flexible or rigid strip footing
will be described by controlling displacements or forces of the nodes on the soil surface below the
position of the footing. The effects of footing roughness and different initial stress conditions in the
ground on the soil bearing capacity will be also investigated. The numerical results are compared to
the ultimate theory solutions. '
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