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Vién KHCN Xay dwng

Toém tat: Bai béo trinh bay két qué nghién ctu
hiéu (eng twrong tac cac coc trong nhoém coc chiu tai
trong ngang. Trong phwong phap nay, twong tac
gilka cac coc trong nhém dwoc xac dinh théng qua
(rng suét lan truyén trong dat truyén ttr coc nay dén
coc kia theo loi giai Mindlin. Mé hinh cac coc don str
dung mé hinh Winkler véi 16 xo tuyén tinh. Nghién
ctru xét dén cac dang tuong tac coc — dat; coc — dat
— coc va coc - dai méng. Bai toan gidi quyét 2
trirong hop la dau coc tw do va dau coc ngam cing
véi dai. Két quéd cta nghién ctru cho phép dw doén
hé sb hiéu (rng nhém va strc chju tai cia nhém coc
chiu tai trong ngang.

Tw khéa: Coc chiu téi trong ngang, hé sé nhém,
tuong téc coc — dét - coc.

Abstract: This paper presents how to analysis
group of pile under lateral load using Mindlin
solution in linear behavior of soil. In this method, the
interaction between the piles in the group is
determined by stresses transfer through the soil
from one pile to another. The model of pile use
Winkler model with linear spring. The research take
into soil-pile, pile-soil-pile and pile-ralf interaction.
The results predict quite good the coefficient effect
of pile groups and bearing capacity of pile groups
under lateral load.

Keywords: pile under lateral load, coefficient
groups effect, pile — soil — pile interaction.

1. Dat van dé

Théng thudng, cac coc thwdng lam viéc theo
nhém. Sy lam viéc cla cac coc trong nhém khac
v&i khi lam viéc nhw khi la coc don. Két qua nghién
ctru theo [1] dbi v&i nhdm coc chiu tai trong dirng
dw doan strc khang clia nhém coc giam di dang ké
so v&i khi khdng xét hiéu ing nhém.
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Khi xét trwdng hop nhém coc chiu tai trong
ngang, tly theo phwong chiéu tai trong va vi tri coc
ma hiéu trng nhdm sé& anh hudng khoéng giébng nhau
dén céac coc.

Trong bai béo, tac gid st dung két qua |1oi giai
ctia Mindlin cho bai toan truyén &ng suét trong dat
két hop véi mo hinh nén Winkler véi hé 16 xo tuyén
tinh dé xay dwng mé hinh twong tac cta nhém coc
v&i hai trwdng hop & dau coc tw do va dau coc
ngam crng vao dai. Twong tdc coc — nén trong
trwong hop nay dwoc gidi bang phwong phap
PTHH.

Dai coc duoc gia thiét 1a clrng tuyét ddi nham
don gian héa cho viéc tinh toan va ciing khdng mét
tinh tdng quat khi tinh hiéu &’ng nhém.

2. Xay dwng mo hinh tinh

2.1 Bai todn truyén irng suat cua Mindlin

Hinh 1. M6 hinh bai
toan cua Mindlin

Gia st c6 mét luc tap trung P dat trong dat tai
diém A, nhw hinh 1, cé toa d6 (0,0,c) theo phwong
ngam ngang theo truc x, thi gia tri ’ng suét, chuyén
vi tai diém B (x,y,z) da dwoc xac dinh theo 161 giai
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cta Mindlin (1936)[4] danh cho ban khéng gian dan Chuyén vi ngang theo phuong x:
héi nhw sau:

P {k kX X2z 6olz (k—l)(z+c)(1 ¥ ¥ Jl(k—l)z[l ¥ ﬂ
(1)

““ama) R R R R R RR |\ B RR) 2R | RR

(ng suét phap theo phwong x:
Px {(1 —k)(z=¢) 3x'(z=¢) (k+1)(z+c)-2(kz+c)

0, = : 3 5 3
27 (k+1) 2R R; 2R "
_3[(kz+c) x>+ 2cz(z +c)] N 30cx’z.(z +¢)
R; R
trong do: la nhé va gia thiét bd qua. Duéi tac dung cua tai
trong ngang, do dac diém nén dat chi chiu nén, nén
m= 2(0-0) la hang sO Lame cla dat; chi c¢6 cac diém ndm & hoanh dé dwong cla gbc toa
dod (x>0) méi xuét hién cac thanh phan ng suét va
k=3-4v; x
bién dang.

R =X+ +(z—=¢)*; R, =[x’ +)*+(2+¢)*; 2.2 M6 hinh coc Iam viéc déng thoi véi nén

Ri=R —z+c; Ry=R,+z+c Xét mot coc ndm trong dat chiu tai trong nam

ngang dat & dinh coc. Coc dwgc chia lam n doan

Trong bai toan coc chiu tai trong ngang, ta chi  coc, twong tac gitra cac doan coc va dat theo

yéu quan tdm dén 2 thanh phan la &ng suat va  phuong ndm ngang duoc thay thé bing n 16 xo kiéu
chuyén vi theo phwong ngang, cac thanh phan khac ~ Winkler nhw hinh vé 2.

F)
—= — (WM k;
Poan 1
------- WA K2
Poan 2
"W\H K3
A
VA
¥
------- AW Ko
DPoan (n-2)
------- "NNA K 1
Boan (n-1)
—A\W\H Kq,
Hinh 2. Mé hinh tuong
tac coc-nén
Twong tac nay cé thé la tuyén tinh khi cac do Phuong trinh can bang tinh cla bai toan hé

ctng 16 xo k 14 héng s6 hoac phi tuyén khi do cieng ~ "ieU bac tw do dugc viet nhu sau:

16 X0 k thay dbi theo trang thai (rng suét bién dang [K|{U} ={P} )

cda dat. trong do:
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[K] - ma tran dd cirng tong thé cua hé, {P} - véc
to tai trong ngoai, {U} - véc to’ chuyén vi nut.

Ma tran do ctirng tong thé [K] cla hé xac dinh
bang biéu thirc:

[x]- (K], @
m
trong do: m - s phan t& trong hé;

[K]m - ma tran d6 cing riéng cGa phan tl trong
hé toa do tbng thé. D4u tdng thé hién cach ghép néi
ma tran ctia phwong phap PTHH.

Véc to chuyén vi nat chi gém 2 thanh phan:
chuyén vi ngang va chuyén vi xoay cta nut.
Véc to tai trong ngoai {P} gia thiét ludn dat tai nut.
2.3 Xay dung bai toan twong tac hai coc trong nhém

Xét 2 coc i va j bat ky trong nhém, khodng cach
2 tim coc la 7, nhw trén hinh 3. Gia thiét rang lwc
ngang tac dung Ién dinh cocila P. Dwdi tac dung
clia tai trong P, coc i bi udn va chuyén vi, tai cac gdi
|6 xo xuét hién cac thanh phan phan lyc.

o P
p X Ry
Ky —Wi ki

Z Rai
W ke Wk
Rai
WA kg < WA kg =
/ Hudng tuong tac / 7
- T
(I (I
Y Y -
R n-2)
~WH Kpp — =W Kno
R(n-1)| 1
Wk, — MWKy
R . -~
T — LA ke 5
L rij L
% %
Coci Cocj

Hinh 3. M6 hinh tuong tac

Goi phan Iyc & gbi th k clia coc i la R, .
Luc R,, nay sé lan truyén trong dét va gay ra
cac (rng suat tac dung lén coc j. Vi dat nén
khéng chiu kéo nén chi nhitng lvc R,; mang
diu am (gay nén nén dat gitra coc i va j) maoi
anh huéng dén cocj.

Goi o}, la ng suét phap theo phuwong x
tai vi tri gdi 16 xo th&r k ctia coc j do phan lwc R,
gay ra nhu trén hinh 4, O i hoan toan dwoc xac

dinh dwa vao I&i giai Mindlin theo céng thirc (2).

Thue té tinh toan cho thdy, khi cang ra xa
diém dat luc, cac gia tri rng suét trong dat do
lwc gay ra cang gidm dan. Trong bai toan thuc
hanh, khéng nhét thiét phai xét anh hudng phan
lwe 16 xo Ry trén coc i dén toan bd cac 10 xo
khac trén coc j ma chi can xac dinh &nh huédng
tai cac vi tri lan can.

P& xem xét sy phan bd wng suét phap
O jixk trong dét, ta xét vi du sau: tach mot doan coc
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Hinh 4. Tuong tac doc than coc

canh D, tac dung Ién tdm cla doan coc tai trong
ngang don vi P=1 nhw hinh 5. Khao sat sy phan bd
wng suat phap o, theo 10i gidi Mindlin theo cong
thtre (2), tai cac cao dé khac nhau nhw trén hinh 6a
va 6b.

Gia thiét khi o, <0,01l.0, (véio,la ng suét
ngay tai mat doan coc), ta cé thé coi (rng suat phap
do P gay ra x4p xi bang 0 va cé thé bd qua.

Xz
] , D T
—t

Hinh 5. So' dé vi du

Ta nhan thay tai cac cao dd z=+2,5D so v&i
tam doan coc dang xét, (rng suat phap o, dat
gia tri rat nhd va vuwot khéi pham vi cao dd
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z=%2,5D thi ta c6 thé coi la ng suét phap da
triét tiéu.

Theo phuong cla lyc tac dung, anh
hwdng clha ng suat phap lan truyén dén
khoadng cach 4D va theo phwong vubéng goc
v@i lwc tac dung, khodng cach anh huwéng la
2,5D.

Trong qué trinh tinh toan, &ng suét phap O jixk

c6 thé quy ddi thanh lyc tap trung R, dat tai goi x

r.D
jixk'T' i

®)

trong doé: D - dwéng kinh coc va L - chiéu dai
doan coc.

clacocjnhwsau: R, =0

N~
in
g
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Hinh 6. Cac duong dang tmg suat o, tai cac do sau khac nhau

25D i
I——F1J—00100
E ‘i/ 1 ™~ N
i \ !
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= e s s et
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B =010
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a)D=0,2m  b)D=0,3m

Vé&i nhém cé N coc, luc tap trung tai gbi x cla
coc j do N coc gay ra dugc tinh nhw sau:

N n
R, = Z ZRjixk (6)

i=l;i=j k=1

trong do: Rjixk - lwc tap trung tai gbi x coc j do

phan lyc tai gbi k coc i gay ra; N - sé coc trong
nhém; n - sd 16 xo doc than coc.

3. Thidu sé
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Dwa trén cac phan tich trén, tac gia da lap
chwong trinh tinh StaticHPG bang ngdn ngi |ap
trinh Mathlab dé& phan tich nhém coc. Khéo sat cac
trwdng hop mong cé 4, 9 coc. Gia thiét cac coc
gibng nhau va chi chiu tai trong ngang. Phan tich
hai trwéng hop la dau coc ty do va dau coc ngam
clrng vao dai mong tuyét dbi cirng.

3.1 S6 liéu dau vao

Coc BTCT 0,3 x 0,3m; dai 10m. Bé tong coc
B20 co E, =2,7.10' (kPa).
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Nén doéng nhat c6 md dun bién dang E =
12Mpa; hé sb Poisson v =0,3.

Coc duwoc chia lam cac doan dai 1m.
Viéc quy ddi gitta md dun bién dang E va do
ctrng 16 xo coc k duorc 1y theo [2].

Lo xo dat dwoc xem |a dat dén trang thai chay
déo khi chuyén vi 16 xo dat gia tri D/60, theo Reese

coc 1 coc 2

5
o= 457
coc 3 coc 4

5
e
Hinh 7. So' dé bé tri nhém 4 coc

(1974)[3]. Khi d6 ta dirng phan tich va coi dat xung
quanh coc da chay déo.
3.2 Két qua tinh todn
*Trwong hop 1: Pau coc ty do
Ta tién hanh khao sat coc don nam trong nhém

4 coc (2x2) va nhém 9 coc (3x3) coc, xem hinh 7 va
hinh 8.

Hang1 Hang2 Hang3

Hinh 8. So' dé bé tri nhém 9 coc

Tai trong gi&i han cac coc trong nhém 4 coc va 9 coc duwgc trinh bay & bang 1 va 2.

Bang 1. Tai trong gi¢i han nhoém 4 coc

Khoang cach Tai trong gi&i han Pgh, (kN) Hé s6 suy giam strc khang

tim coc (S/D) coc don coc 1,3 coc 2,4 coc 1,3 coc 2,4
3 33.5 33.3 21.9 0.99 0.65
6 33.5 33.4 29.6 1.00 0.88
9 33.5 33.5 31.6 1.00 0.94

Bang 2. Tai trong gi¢i han nhom 9 coc
Khoang cach tim Tai trong gi®i han (kN)
coc (S/D) coc don coc4 coc 1,7 coc 2,8 cocH coc 3,9 Coc 6

3 33.5 33.2 33.3 21.7 20.7 19.3 18.0
5 33.5 33.3 33.4 28.0 27.4 26.4 27.6
6 33.5 33.4 33.5 29.5 29.0 28.2 29.4
9 33.5 33.5 33.5 31.4 31.3 30.9 30.6

Bang 3. Hé s6 suy gidm stic khéng cac hang trong nhém 9 coc

Khoang cach tim Hé s6 suy giam strc khang (%)
coc (S/D) Hang 1 Hang 2 Hang 3
3 0.99 0.64 0.56
5 1.00 0.83 0.80
6 1.00 0.88 0.85
9 1.00 0.94 0.92

Trong d6, hé sb suy gidm strc khang dwoc tinh
bang ty sb strc khang coc trong nhém va strc khang
coc don (khdng xét hiéu rng nhém).

* So sanh vé&i cac két qua da cong bo:
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Két qua tinh duwoc so sanh véi két qua thi
nghiém cla Brown (1988)[7], Mcvay (1995)[6] va
Rollines (2003)[5] nhw trong bang 4. Ty d6 dwa ra
cac hé sé suy gidam strc khang cho tirng hang coc.
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Bang 4. So sanh v&i cac két qua nghién ctru khac

o Téc gis Kidu mé Coc , Diu Hé so suy giam sirc khang
hinh Nhém coc | 193NG | coc | Hang1 | Hang2 | Hang 3
cach
1 Brown (1988) | M° r;'h"aht coc 3x3 3D Twdo | 08 0.4 0.3
2 | Roliines2003) | M@ r;'h"aht coc 3x3 3D Twdo | 0.82 0.61 0.45
3 McVay(1995) May ly tdm 3x3 5D Ty do 1 0.85 0.7
4 | Mehinhtinhcia | Mo hinhly 33 3D Twdo | 0.99 0.64 0.56
tac gia thuyét 3x3 5D Ty do 1 0.83 0.8
N z o
Nhan xét: V&i hang coc dau tién, do gia thiét e ;
. o o
tinh toan la dat khéng chiu kéo do d6 cac hang coc z —T> Q. TT
[ — [
khac anh hwéng twong doi it dén hang coc dau. : Rp—> |
Ngoai ra, do khdng xét dén bién dang déo trong dat, Rp—> i
do dé khéng xét dwgc anh hwéng clia vung chap | 2 |
in-1)
rng suéat gilra cac hang coc dén Pg,. Cac hang coc . e
m9

khac cho két qua kha twong thich véi két qua thi

nghiém.

*Trwong hop 2: Nhdm coc ngam cirng vao dai

clrng tuyét dbi

Bai toan mong coc dai cirng chju tai trong ngang
dwoc tinh toan nhw sau:

- Bwéc 1: Giadi bai toan 1 - coc trong nhém coc
chiu tai trong ngang lién két cirng & dinh coc nhw
hinh 9, xac dinh d6 cing chdng chuyén vi ngang
cla dinh coc.

Sau khi giai bai toan 1, gia thiét chuyén vi dinh x;
cla coc thtr i trong nhém thi d@ clrng ngang cua coc
twong wng Ky tinh nhuw sau:

K,=— (7)

Néu khong xét dén hiéu rng nhém thi cac coc
giéng
K,=K, , =...=K  voiNlasb coc trong mong.

déu coi la coc don nhau va

V6i bai toan 16 xo phi tuyén thi K, duoc biéu

dién bang mét ham sé cla x;.

K, =f(x) (8)
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coc 1 coc2

Hinh 9. So’ dé tinh coc buéc 1

X

P T
@
| - ||
W A
Kx1 KXZ
s |

Hinh 10. So' dé tinh dai méng budc 2

- Buoc 2: Thay thé coc bang mét 16 xo ndm
ngang, c6 do clrng bang véi dd cirng chdng chuyén
vi ngang dinh coc trong buéc 1. So' d6 tinh nhw trén
hinh 10.

Dwéi tai trong ngang P dat tai dinh méong, moéng
chuyén vi ngang mét doan x. Do dai méng cirng
tuyét déi nén tat ca cac dinh coc trong moéng déu coé
cung chuyén vi ngang x, tuy nhién do dé crng 16 xo
cac coc trong mong la khac nhau nén phan lyc 16 xo
khéng giébng nhau. Ta c6 méi lien hé gitva P va x
nhw sau:

N

P=) K, x )

i=1
Tw d6 ta v& dwoc biéu d6 quan hé gitra P va x
nhw trén hinh 11 véi hé s6 hiéu trng nhém nhw bang 5.
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Bang 5. Hé sé hiéu (rng nhém coc chiu tai trong ngang

. Khoang cach tim coc S/D
Méng coc
6 9
(2x2) 0.84 0.94 0.97
(3x3) 0.71 0.89 0.94
MONG 4 COC MONG 9 COC
250 500 :
200 —_ 400
= z
E / < 300
E} 150 Y, —&—Khong xét hiéu ing nhom '%_D
g / 5'0 ———Khong xét hiéu tng nhom
2 100 S/D=3 200
8 / = y. S/D=3
2 - y
s S/D=6 100 S/D=6
sD=9 S/D=9
0 Chuyénvi ngang (m) ° 0 0.007 0.014 0.021
0 0.007 0.014 0.021 Chuyén vi ngang (m) ’
Hinh 11. Quan hé tai trong — chuyén vi ngang dinh méng
4. Két luan [2]. Vién KHCN GTVT (2006), “Phan tich va lya chon cac

- Anh hwéng ctia nhém coc chiu tai trong ngang
c6 thé bd qua khi khodng cach tim coc 24D theo
phuwong lyc tac dung va =2,5D theo phuwong vubdng
go6c voi lwe tac dung;

- V6i nén nhiéu 16p, ta cé thé chia dat va coc
thanh céac I&p c6 chiéu day <5D va co thé gia thiét
twong tac gilra cac coc chi xay ra trong pham vi cac
I&p chia ra nay;

- Hiéu (rng nhém coc gidm rat nhanh khi khoang
cach coc tang Ién, hiéu (rng nay thé hién rd rét &
khoang cach coc 3D va giam nhanh & khoang cach
6D va 9D;

- Két qua bai bao cho phép dwy doan trén ly thuyét
hé sb hiéu (rng nhdm khi thiét k& nhédm coc chiu tai
trong ngang trong ca trudng hop dau coc tw do va
ngam cirng vao dai. Tuy nhién, két qua tinh chi dw
bao dwoc khi nén dét gitra cac coc lam viéc trong
giai doan dan hdi tuyén tinh, can c6 thém nhirng
khao sat khi nén chuyén sang giai doan chay déo.
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