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TINH TOAN MONG BE THEO M(‘) HINH NEN
WINKLER CAI TIEN

Chéu Ngoc An, Nguyén V6 Trong
Khoa Ky thudt Xiy dung, Trudng Pai hoc Bach khoa - PHQG-HCM
(Bai nhdn ngay 10 thdng 5 ndm 2004, hoan chinh sita chita ngay 28 thdng 7 ndm 2004)

TOM TAT: Mdng bé hign nay dugc sit dung khd réng rai. Mgt trong nhitng phuong phdp
tinh todn mdng beé phd bién la coi moi quan h¢ giita ing sudt va bién dang ciia ddt nén la tuyén
tinh va mé hinh dai di¢n cho quan ni¢m nay la mé hinh nén Winkler. Tuy nhién, vigc coi dat nén
chl ¢6 méi quan hé dan héi la diéu khdng diing ddn. Pdt nén ngoai itng xit dan hdi con cé iing
xit déo. Bai bdo nay t@p trung vao phdn tich mgt mé hinh nén ma nd dugc phdt trién tic mé hinh
nén Winkler nhung cé xét dén tinh déo ciia dat nén (dugc goi la mé hinh nén Winkler cdi tién)

va iing dung né dé tinh todn cho mong bé.

1. MO HINH NEN WINKLER CAI TIEN

1.1 Quan hé giifa itng sud't q va bién dang thing ditng 5 trong thi nghiém ban nén

Xét mot thi nghiém ban nén tai hién trudng. Thi nghiém cho ta dudng quan hé giira dp luc q tic
dung 1&n nén va chuyén vj thing ding & clia nén di't nhu trong hinh 1.

Theo thi nghiém nay, dudng cong thé hién mdi
quan hé giita 4p luc tic dung 1én dat nén q va bién
dang thing ditng & clia di't nén (dudng g-8) cho thiy
quan hé giifa ng suit va chuyén vi thing ding chia
lam hai pha. Pha thit nhit 1a doan OA thudc dudng
cong nay dudc goi 12 pha nén chit. M6i quan hé giia
{&ng sudt va bi€n dang thing ditng g-8 dudc coi 12 tuyén
tinh. Su nén chat cia dit c6 thé con ti€p dién cho tdi
khi dat dugc mdt gid tri tdi trong ndo d6 thi xudt hién
su trugt gita cdc hat, din dan hinh thanh mat trugt va
nhifng viing trugt riéng biét. Cudi pha nén chit (diém
A trén hinh 1), 4p luc tdc dung 1&n ddt tudng Ung vdi tdi
trong tdi han ban ddu trén dit.

Pha thit hai 1a doan con lai (AB) dudc goi 1a pha
trugt, trong ddt bit diu hinh thinh nhitng ving trugt,

p P
=3
bOI
d
A
q A b
o 5

Hinh 1. Thi nghiém ban nén

lic ndy thi m&i quan hé g-8 khong con 12 tuyén tinh nita. Cudi ciing cla pha trugt 13 lic dit nén mit
6n dinh va mat trugt lién tuc duge hinh thanh va lic ndy dp luc tdc dung 1&n d4t nén twong dng véi

{ng sudt t6i han gidi han.
1.2 M6 hinh nén Winkler

M6 hinh nén Winkler cho gid thiét: tai moi diém
ti€p xic gilta méng va dit nén, mdi quan hé giita Wng
sudt q va bi€n dang thing ding & clia di't nén 1a tuyén
tinh.

q=k,.5 1)
trong dé, k, 1 hé s nén.

Nhu vay, khi tinh todn méng ma st dung md hinh
niy thi ddt nén phdi c6 mot thong s6 cin phdi biét 14 k,.
Thi nghiém ban nén thudng dugc ding dé x4c dinh hé
s6 nén k..
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Hinh 2. Céc gid tri cia k,phuy
. thudc vao cip tdi trong
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Nhu da néi 8 trén, khi ma da't nén dang 8 trong pha nén chit (doan OA trén dudng q-5), hé so
nén ciia dit ciing chinh |2 hé s8 géc clia doan thing nay (k). Trén doan AB, hé s6 nén ldc nay lai tiy
thudc vao toa d§ di€m dang xét trén dudng cong -5 ma cé hé s6 nén twong ng (ke, ke).

Nhu vy, ing v6i cing mot loai ddt nén ma c6 nhi€u gid tri hé s6 nén k, khdc nhau. D6 ciing 1a
mdt nhuge diém ddi véi mo hinh nén nay.

1.3 Mo hinh nén Winkler cai tié€n m® hinh Winkler cdi tign

2, A A 0 A . z /
Theo trinh bay & trén, mé hinh nén Winkler cé /

nhugc diém 1a khong cé cdc gid tri k, nhi't dinh ma tuy Qu
thudc vao tirng diéu kién cu thé dé cé cdc gi tri k, khdc
nhau. V8i mong muén duge dua v& mot md hinh nén ma
chi ¢é.cdc théng s6 duy nhi't ing véi mot loai dit nén cu
thé ndo dé, tir dudng cong g-8 cia thi nghiém ban nén
(hinh 1), m6 hinh nén Winkler cdi ti€n sé c¢é dudng quan
hé g-6 dudc v& lai nhu hinh 3.

TN ban nén

Xmox

&

Hinh 3. M6 hinh nén Winkler cdi tién
DBudng cong thé hién mdi quan hé trong thi nghiém

ban nén dugc thay th€ bdi mot duge giy khic. Theo dudng quan hé mdi niy, néu chuyén vi thing
ding & cla nén dit du6i mdt dp luc q nao d6 ma nhd hon gid tri X,.x, hé s6 nén k, cia dit s& khong
d6i (tam goi 12 hé s& nén ban d2u k) v m6i quan hé gilta dng suit q va bi€n dang & 14 tuyé&n tinh
(q=kyxB). VUgt qud Xyux 4p luc dit s& khong ddi & gid tri q, (goi 12 ¥ng suit giéi han qu)-

Nhu vy, lic ndy mé hinh nén Winkler cdi ti€n s& chi c6 hai thdng s§ duy nhi't. P6 1a hé s6 nén
ban dau ky va 4p luc ddt gidi han q,.

Véi m6 hinh mdi ndy, viéc tinh todn cho cdc méng néi chung va méng be ndi riéng s€ dudc thuc
hién tudng d6i thudn g, (s& dugc trinh bay & phan sau), dic biét 1a trong van dé tv dong héa tinh todn.

Tuy nhién, mot khé khin lic nay 13 hién nay vin chua c6 cdc bdng tdng két cdc thdng s6 cla
dat (keo, qu) mot cdch c6 hé thdng d€ ngudi thigt k& c6 thé skt dung.

Tuy nhién, ta c¢6 thé dua vio dudng quan hé q-8 trong thi nghi&m ban nén tai hién trudng dé xdc
dinh cdc thong s6 ndy mdt cich gin ding. TAt nhién, diy cling chi 12 d& xudt ban diu. D€ kiém ching
tinh ding ddn cda cdc théng s& nay cdn phai ¢ cdc thi nghiém cu thé va day ciing 12 huéag nghién
cifu ti€p theo clia mo6 hinh nén nay.

Theo dudng quan hé g-8 nhit da trinh bay & trén, pha nén chit cda dit (doan OA) ¢ mdi quan
hé giita Wng suit va bién dang 1 tuyén tinh va it nhiéu phin dnh gdn ding v6i doan thing ddu tién
ctia md hinh nén Winkler cai ti€n. Nhu vdy, hé sd nén ban ddu k, c6 thé 14y chinh 12 hé s8 géc cia
doan thing OA.

Nhu dd néi & trén, két thic pha nén chit (diém A), ing suit tdc dung 1én dit nén s& tong dng
v6i tdi trong t6i han ban ddu. K&t thic pha trugt (diém B), ing suit tdc dung 1&n dd't nén sé tuong ing
véi tdi trong t6i han gidi han. Hién nay, cdc nghién citu vé cdc @ng sud' t6i han ban ddu va ing suét
t¢i han gidi han di cho chiing ta nhiéu cdng thifc tinh va di dudc sit dung khd nhiéu.

Nhu viy, gid tri ing sud't gi6i han q, trong mé hinh nén Winkler cdi ti€n s& dudc 14y dua vio
khodng tif ng suat tdi han ban ddu dé&n Ung sudt t6i han gi6i han. Viéc dua ra mot gid tri cu thé cin
phéi c6 nhitng thi nghiém ki€m chiing cu thé. Tuy nhién, mot cich an toan, c6 thé 1dy q, 12 gid tri dng
suit tdi han ban ddu dé tinh todn cho nén méng.

2. TINH TOAN MONG Bi SU DUNG MO HINH NEN WINKLER CAI TIEN

Khi tinh todn méng bé sit dung md hinh nén Winkler, ddt nén dugc thay thé bdi mot hé cic 16
X0 tai cdc niit cia méng (dd cing cia cdc 10 xo ndy la K)).

Ki=k.xA 2)
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trong do, A=dién tich tdp trung.

C4c Id xo nay doc lap khdng dnh hudng 1dn nhau.
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Cic 10 xo tai cdc niit theo md hinh nén Winkler s&€ ¢c6 m&i quan hé gilta luc tdc dung P va

chuyé&n vi thing ding 8 1a tuy&n tinh (hinh 5).

—

0

Hinh 5. Ld xo niit theo mé hinh nén Winkler

Con khi st dung md hinh nén Winkler ci ti€n, cdc 10 xo nit lic nay s& c6 dudng quan hé P-§
theo dang dan-déo thuin tiy. Lic ndy, md hinh nén sé& coi nhu mot 1d xo dude gdn thém mdt ngam

(ruagt.
trong dé, Kio=ksoxA,
P.=q.xA,

Xumax=Pu/ KiO"_"’f‘]u'!ksl'.l-

Lic nay, bai toin méng bé trén nén Winkler cii ti&€n s& dudc gidi vdi phudng phdp phin t hitu

han.
K&t cdu méng sé& sif dung cdc phén ti sau:

e  phin tlf tim chiu udn dang tam gidc hay chif nhit cho tim clia méng be;

Hinh 4. Dién tich tap trung détinh
cdc dd citng 10 xo

e e

P

Pu i

(3

Kio

—

Kmax 5

e  phin tf dim chiu udn cho sudn clia méng bé cé sudn.

Chiing ta dé dang thi€t 1dp ma trin do ciing
t6ng thé [E] tir cdc dd citng clia cdc phin ti tAm,
dim va cd dd cifng 10 xo miit. Tuy nhién, ma trin do
cirng tdng thé nay sé khong cd dinh ma sé& thay ddi do
tinh chit cda dd cing 16 xo mit cla m6 hinh nén
Winkler cdi ti€n (Hinh 6).

D&i vdi bai todn dang nay, ngudi ta thudng st
dung phuong phip dic trung cdt tuyén thay d8i dé
gidi.

Theo phuong phdp niy, ma trin do ciing tdng thé ban
diu [K]Isé dudc thit 1ap tir do ciing clia cdc phin

Pu

P

T

Hinh 6. Ld xo mit theo mé hinh nén Winkler cii tién
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o

Hinh 7. Phuong phdp dic trung cdt tuyén thay ddi
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th tim, dim va d9 cing ban ddu cla 1d xo nit Ky=Kp. Gidi hé phuong trinh hé th&ng
I:E:L {(_]}l = {ﬁ} , ta ¢6 dudgc cdc gid tri chuyén vi ditng §;, tir vector chuyé&n vi téng thé {E}] Tir d6,
phédn luc ciia cdc 10 xo niit s& dudc tinh R;;=K;,x5;;. So sdnh R;, vdi P, (hoic ciing c6 thé so sdnh §;, Vi
Xmax), N€u R;>P, (hodc §;>X,,,), ta thay Kj; bing K, (Kp=P./8,,). Lic nay, ma trin dd cing t8ng thé
méi [El dugc thi€t 1dp va chiing ta lai gidi hé phuong trinh hé théng méi... Viéc gidi sé dimg khi sy
khéc bigt giita R;; va P, (j1a s8 d€m cda cdc 14n 13p) dd nhd (ddy dudc goi 1a didu kién hdi ty).

Trudng hgp tdt cd cdc phdn luc nit déu 16n hon P, (Ry>P, hodc 8;>X ), vong ldp lic nay s&
lap vo tin, ta dirng bai todn (tam goi 1a diéu kién phd hoai).

Lic nay, ching ta c¢6 dudc vector
chuyén vi tdng thé cudi ciing ciia bai Stact
todn {q} va s& dé dang tinh dugc céc

J

ndi luc trong cdc cdu kién méng be Nhip cdc thdng tin ciia ddt nén, méng be, ngoai
thdng qua cdc cobng cu cla phuong lyc tdc dung 1én mong
phdp phdn tf hitu han. l
3. LAP TRINH TINH TOAN CHO e =
Ll " \ Xy dyng ma trin d6 ciing tdng thé ban ddu [K
BAI TOAN MONG BE TREN NEN [l
WINKLER CAI TIEN v
St dung md hinh nén Winkler cdi j=1
ti€n thudng ti€n hanh gidi lip thong v

qua ‘phiving f?c DI ok Gy S, ¢ it Xay dyng ma trdn do cifng cho ldn lap thir j [K |
doi, do dé khdi lugng tinh todn rit 16n.

néuj=1, [K| =|K
D& thuin tién hdn cho tinh todn, : l b-[xh
chiing ta st dung ngdn ngi 1ap trinh dé '

ty dong hda bai todn. Gidi phudng trinh hé théng l_lj{a}, = {E}

Bi€n j trong phin lip trinh Ia 1 j=it]

bi&€n d€m sb thit ty 14n lap.

K&t qud xudt ra c6 thé 1a cdc
chuyén vi tai cdc nit, ndi lwc trong
moéng va phdn lyc cda dd't nén.

Chuong trinh médy tinh dudc ldp
trinh s dung ngbn ngit Visual Basic
hién nay hoat ddng t&t (c6 thé lién hé
tdc gid dé c6 chuong trinh tinh todn

Xéy dung dd citng clia 10 xo cho ldn lap k& 1iép

Kij+

No

(hditu) or
(phéd hoai)?

néy)- l Yes
4. TINH TOAN VA SO SANH MO Xudt két qua
HINH NEN WINKLER VA
WINKLER CAI TIEN ¢

S& dung mot vi du cu thé dé tinh End

todn cho hai mé hinh nén nay.

Hinh 8. So d6 kh6i cia phin 1ap trinh
Xét mdt méng bé dang bin bé

tdng cGt thép. Chi€u dai bdn 12m (3 nhip 4m), chiéu rdng bin 6m (2 nhip 3m). Bin day 0,4m. Lyc tip
trung tai cdc nidt la 30T.

Cédc thdong s6 clia dit nén 1a:
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¢ nén Winkler: k;=500T/m?
o né&n Winkler cii ti€n: ky=500T/m’, q,=7T/m’.

Piy 1a mét vi du d€ xét dén trudng hgp tinh todn cho méng bé ma khi sit dung md hinh Winkler
ngudi thi€t k&€ chon hé s nén k, dng vdi dd doc cla doan OA (pha nén chit) trong thi nghiém ban nén
va khi sit dung md hinh nén Winkler cdi ti€n thi ngoai hé s& nén ban diu ky 18y theo hé s& gdc cia
OA cdn ¢6 @ng sudt téi han q,.

St dung phuong phdp phin ti¥ hitu han dé gidi. TAm dugc st dung phin tif tim khong tuong
thich dang tam gidc (phin tif tam gidc vudng c6 3 nit, 9 bic ty do).

Céc niit duge chon tai vi tri ¢6 cdc lyc tdp trung. Ld X0 tai cdc niit ¢6 cdc théng s& nhyt sau:

¢ md hinh nén Winkler: do cing cic 10 xo0 K;=K=Ks=K,;;=1500T/m,
K=K =Ks=Kz=K ;=K ;=3000T/m, Ks=K,=6000T/m;
¢ md hinh nén Winkler cdi ti€n: dd cing ban diu cia cdc 10 xo

KI.G=K4,0=K9,0=Kli.D:l 500T/m, K5 0=K3,0=Ks50=Kz 0=K00=K 0=3000T/m,
K,0=K70=6000T/m; luc gidi han Pu1=Pu=Pus=P,12=21T,
Pu2=Pu3=Puszpuﬂzpu10=PuIl‘-'—42Ts Pu6=Pu7=84T-
9 10 11 12
{'8) (10) (12)
(1) (9 (11
8 6 O 8
(2) (4) (6)
(1) (3) (3)
1 2 3 4

Hinh 9. Chia [udi bai todn

D& so sdnh, sit dung gi4 tri ndi lvc (moment) tai cdc niit cliia phin tlt s6 4 d€ so sdnh.

Z .
F'y : v y
Mix M;!'(//
5 k\//‘q
Mix _ Mix
_g\ . il 3.( i M 2
5 (X J

Hinh 10. Moment tai c4c nit phdn ti

Bang 1. Moment ciia phan t 4

N6 lue(Tm) Mi, M;, Mi} - My My My,
Nén Winkler 5,86 4,88 22,11 61,69 25,97 65,01
Nén Winkler 6,73 5,20 25,54 70,82 30,08 75,06
cdi tién

Nhin vao két qua trén, viéc sit dung mé hinh nén Winkler chi vdi mot hé s& nén k; thi két qua
s& nh hon két qud khi sit dung md hinh nén Winkler cdi ti&n (ngoai ky=k, con c6 gid tri itng sut gidi
han g,). Nhu vay tinh todn v6i md hinh nén dan hdi Winkler khi khong c6 can trén thi chua xét hét sy
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nguy hiém trong ing x{ thyc t& ctia d4't nén. S dung mé hinh nén Winkler ci ti€n bim st hon vdi
tng xi thic clia di't nén cho két qua xac dang hon.

5. KET LUAN

Viéc sit dung mé hinh nén Winkler v6i mot s6 nhuge di€m s& gdy kho khin cho ngudi thi€t k&
nén méng néi chung vd méng bé néi riéng. M6 hinh nén Winkler cdi ti€n di khic phuc duge nhugc
diém ndy tao tién dung hon cho ngudi thiét k€.

Viéc dwa vé md hinh Winkler cdi ti€n véi dudng quan hé ¢ng suit-bi€n dang c6 dang clia dudng
quan hé dan-déo thuin tiy s& tao thudn I¢i khi 4p dung cho viéc lap trinh tinh todn (s dung phudng
phdp dic trung cat tuyén thay ddi) va da lam gidm nhiéu kh&i lugng tinh todn.

Tuy nhién, diu sao mod hinh nay ciing chi 1a nhifng dé xuat ban ddu va hién nay ciing chva c6
cdc bang t8ng két cdc thong s6 ciia dit (hé s& nén ban diu ko, Ung sudt tdi han q,). Cdc thdng sb chi
¢6 thé xdc dinh thong qua cdc thi nghiém ban nén tai hién rudng.

ANALYZING MAT FOUNDATION
USING MODIFIED WINKLER MODEL

Chau Ngoc An, Nguyen Vo Trong
University of Technoiogy — VNU-HCM

ABSTRACT: Nowadays, mat foundation is widely used in construction field. The classic method
for calculating internal forces in mat foundation is based on the assumption that the stress-sirdin
relationship of soil ground is linear elastic. Using the above method, the soil model is Winkier model.
The advantage of this model is simple and the result is rather accurate compared with practice.
However, behaviour of soil is not only elastic but also plastic. Therefore, this paper examines soil model,
its behaviour concerns with plastic property and it is advanced compared with the original Winkler
model (called Modified Winkler model). After that, this model will be applied to calculate internal forces
in mat foundation.
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