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NGHIEN CUO’U SU' LAM VIEC CUA NHOM COC CHIU TAI TRONG
BUNG VOI CAC COC CO CHIEU DAI KHAC NHAU

TS. PHAM TUAN ANH, KS. NGUYEN BUC TINH

Dai hoc Coéng nghé Giao théng Van tai

Tém tat: Qua trinh thi céng coc dai tra c6 thé
xay ra tinh hubéng dat bj nén chat ddn dén mét sé
coc khéng dat chiéu dai theo thiét ké, hodc khi thiét
ké méng c6 sé luong coc I6n, nguoi thiét ké chi
déng thay déi chiéu dai céc coc trong dai coc dé téi
wu sw lam viéc cla tirng coc. Trong céac trwong hop
do, sw lam viéc cla céac coc trong dai ré rang bj anh
huéng dang ké va néu van tinh toan theo ly thuyét
théng thuong thi cé thé phan anh khdng chinh xéc
sw lam viéc cta hé coc va moéng. Trong bai bao nay,
tac gia gi¢i thiéu mét phuong phap don gian, cho
phép xét dén hiéu tng nhém coc trong trurdong hop
cac coc ¢o chidu dai khac nhau, gitp ky sw ¢ thé
dé dang é&p dung vao thuc tién.

T khéa: Coc don, nhém coc, chiéu dai coc thay
doi.

Abstract: The process of construction of large
piles can make the soil is compacted, resulting in
some piles are not reaching the design length, in the
other case, the designer make the different lengths
in each piles in purpose. In those cases, the
behavior of the piles in the group is changed and
can not be analysysed by normal ways. This paper
presents a new simple method, which can
consideration of the pile group effect in the case of
piles of different lengths.

Keywords: Single pile, pile group, piles of
different lengths.

1. Dat van dé

Theo cac nghién clru da dwoc cong bd, sy lam
viéc clia coc trong nhom thong thwdng sé khac so
v&i khi xem coc lam viéc déc lap. Cac nghién clru
clia Vesic (1977)[5], Prakash (1990)[6],... hay céac
két qua thi nghiém véi nhém coc cia O'Neil
(1982)[9], Al-Mhaidib, A.I (2001)[7],... da dwa ra cac
cong thirc kinh nghiém hodc cac hang sb dé xac
dinh hé s nhém coc trong trwérng hop céc coc 1a
giébng nhau vé kich thuwéc va khodng céch tim coc.

Tuy nhién, trong thuc té xay dwng hién nay ta
c6 thé gap phai trwong hop chiéu dai coc trong dai
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la khéac nhau. Vi du trong qua trinh déng ép coc, dat
nén bi lén chat dan dén mot sb6 coc khong thé ha
xubng da chiéu sau thiét k& hay mii coc gap tang
dét clrng khong thé tiép tuc ha coc sau hon. Ngoai
ra, trong mét sb trwdng hop dai coc co nhiéu coc,
cac k§ sw chi déng tang chiéu dai coc & nhirng vi
tri chiu lwc nhidu nhw dudi chan cot, vach va giam
bt chidu dai & nhirng vi tri it chiu lwc nhw ngoai
bién dai coc. Cac tiéu chuan thiét k& hién hanh
(TCVN 10304-2012, TCN 272-05) cling nhw cac sd
tay thiét k& déu méi chi dan chi tiét vé tinh toan,
thiét ké moéng coc v&i cac coc trong moéng co clng
chiéu dai, chwa co chi dan vé tinh toan thiét ké cho
trwéng hop méng coc ¢6 cac coc véi chiéu dai khac
nhau.

Viéc tinh toan, thiét k& mong coc cé cac coc
vGi kich thuwéc khac nhau vé dwong kinh va chiéu
dai coc c6 thé st dung giai s6 bang PTHH theo mé
hinh 3D, tuy nhién mé hinh kh& phtrc tap va nhay
cam v&i cac thong sb dau vao, nén két qua con han
ché.

Xuét phat tr van dé nay, bai bo trinh bay mot
phwong phap don gian, cho phép phan tich sy lam
viéc clia moéng coc véi chiéu dai coc khac nhau, st
dung mé hinh dwong cong T-Z.

2. Co s ly thuyét
2.1 M6 hinh dwong cong T-Z

Ly thuyét va cac dang dwong cong T-Z dwoc
nhiéu nha khoa hoc céng bd nhu Coyle va Reese
(1966), Duncan va Chang (1970), Randolph va
Wroth (1978). Trong pham vi nghién cu, bai bao
st¢r dung dang phwong trinh dwdng cong T-Z do
Reese(1966) [3] dé xuat dé minh hoa.

M hinh dwdng cong nay gébm 2 doan, dan héi
tuyén tinh va chay déo (hinh 1). Gia tri tai trong gidi
han cla giai doan dan hoi 13 Tmax, ng v&i nod la
chuyén vi gi¢i han dan héi Z,. Khi tai trong tac dung
I&n hon Ty, gitka dat va coc xay ra hién twong
trwot cuc b, khi dé tai trong khong tang nhuwng bién

61



DIA KY THUAT - TRAC DIA

dang tang dan. D6 cirng 16 xo sé gidm dan dén gisi
han bén cla dat.

Ze=2 5mm 7 Z.=0.1d 7

a. Strckhang bén  b.Strc khang mii
Hinh 1. M6 hinh dwong cong T-Z [3]

Dé tham khéo, dé cing k; clia dat xung quanh
coc va miii coc trong giai doan dan héi duwgc quy dbi
tr moé dun bién dang dat E va dwong kinh coc theo
két qua [2].

Theo Reese[3], chuyén vi gi¢i han dan héi cla
déat rovi lay gan dung Z,= 2,5mm.

Theo mé hinh dan déo Mohr-Coulomb, gia tri
fg xac dinh theo dinh luat Mohr-Coulomb nhw sau:

f(2)=0,(@).1g5 (1)
trong dé: 0';, (z) - &ng suét hivu hiéu theo phuwong
ngang & bé mét coc tai d6 sau z; S - géc ma sat
githa dét va coc, d=0—5" voi @ - goc ma sat
trong clia dat.

Tai trong gi&i han cla giai doan dan hoi:

T . (2)=f.(z2)ndL, 2)
trong do: d - dwdng kinh coc, L; - chiéu dai doan coc

dworc chia ra.

Strc khang mii cwc dai |4y theo tiéu chudn
API:
q=0"N, (3)
trong do: o' - ng suét nén hitu hiéu tai mai
coc; N, - hé sd stre chiu tai mii coc 1ay nhu sau:

)
__mtan(d) 2
N, =e tan” (45 +5) 4)

2.2 Bai toan phan tich sw lam viéc cua coc don

Dé giai bai toan twong tac coc — dét, tac gia st
dung phwong phép tinh Iin coc don cé xét dén bién
dang ban than vat liéu lam coc dwa trén nguyén ly
truyén tai trong da trinh bay trong [1].

Xét mét coc don c6 chidu dai L, dién tich tiét
dién ngang A, chiju tai trong nén doc truc P dat &
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dinh coc. Mé dun dan hdi clta vat liéu lam coc 1a E.
Coc dwoc chia lam n doan va mdi doan gén cac 1o
xo dirng kiéu Winkler thay cho twong tac gitra dat
va coc (hinh 2).
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Hinh 2. So db tinh Iun coc don

Viéc tinh toan dwoc bat ddu & phan mii coc va
tinh ngwoc 1én dinh coc. An sb chwa biét 1a céac
phan lwc mii coc, ky hiéu 18 Rn, Gia thiét R, bat dau
bang 0 (khéng huy déng strc chdng mii) va tang
dan lén.

Véi bai toan 16 xo phi tuyén theo cuéng cong T-
Z, phan lvc R,, dwoc chia lam nhiéu cip nhd va tién
hanh 13p, d6 cirng 16 xo s& thay dbi rng v&i trang
thai (rng suét bién dang cta dwong cong T-Z lua
chon. Khi chuyén vi nhd hon Z, 10 xo lam viéc
trong giai doan tuyén tinh va khi chuyén vi vwot qua
Z., gitra dat va coc xay ra hién twong trwot cuc bo,
16 xo chuyén sang giai doan lam viéc phi tuyén. Két
qua phan tich cho ta dwgc d6 lun dinh coc dwdi tac
dung cla tai trong, phan Iyc cac 16 xo doc than coc,
lwc trong phan b trong coc.

2.3 Bai toan phén tich sw lam viéc cida nhém coc
a. Bai toan truyén tmng suét trong dat

Boussinesq (1885) da cong bd 1&i gidi cho lwc
tap trung nam trén mat dat, nén dong nhéat khéng cé
khéi lwong, dat dwoc coi la ban khéng gian dan héi
tuyén tinh va mat dat |a phang. Kelvin (1848) da
dua ra |oi gidi dé xac dinh chuyén vi, (’ng suét voi
lwc tap trung dat trong khéng gian vé han dan héi.
Mindlin (1936) [8] dwa ra loi gidi danh cho bai toan
ban khong gian dan hdi (hinh 3). Singh, Kumari
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(1999) [10] @& nghién clru va phat trién 161 giai
Mindlin tim c& &ng suét va chuyén vi cho trwdng
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Hinh 3. M6 hinh bai toan cta
Mindlin (1936) [7]
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hop 2 ban khéng gian dan héi cé thong sb bat ky
(hinh 4).

z
/\ Piém can tinh
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Hinh 4. M6 hinh bai toan Singh va Kumari (1999) [10]

Trén co s& cac loi gidi cho coc don va bai toan truyén (rng suét trong dét, ta tiép tuc rng dung dé phan
tich bai toan nhém coc v&i cac coc khac nhau vé chidu dai.

b. Xay dwng bai toan tuong tac coc trong nhém

lpi

TTE ET] ]
2E ]|
EID 2 =
- lRﬁgkg T
i ?

Hinh 5. Twong tac tai than coc

Xét 2 coc i va j bat ky trong nhém, cé chiéu dai
khéng giéng nhau, khoang céch 2 tim coc la r Gia
thiét réng lwc doc tac dung 1én dinh cocila P (hinh
5). Twong tac gitra cac coc gdbm 2 phan 1a twong
tac doc theo than coc va twong tac tai mii coc.

Gia thiét rang ma sat am cla coc |4y bang ma
sat dwong, chi cé chiéu nguoc lai, nhw vay dudi tac
dung cla tai trong, twong tac gitra hai coc c6 thé
dwoc xac dinh théng qua |&i giai bai toan truyén
(rng suét trong dat.
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Hinh 6. Tuong tac tai mdi coc

Gz cocj liji

Duw¢i tac dung cua lwe doc P; I1én coc th i, tai
cac gbi 16 xo clia coc i phat sinh cac phan luc R.
Gia st tai gbi thir k, phan lyc c6 gia tri Ry. Lwc Ry
nay sé lan truyén trong dat va gay ra ng suét tiép
Ti Xung quanh coc j (hinh 6).

Thuye té, (rng suét tiép nay phan bd khong déu
doc than coc, nhuwng trong bai toan thwe hanh ta cé
thé gia thiét (r\ng suat nay gan dung la phan bb déu
trong pham vi cac doan coc dwoc chia ra va cac
(rng suét tiép nay dwoc quy dbi thanh céac lyc tap
trung dat tai cac gdi 16 xo cla coc j.
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Goi K]Xk Ia lwc tap trung tai gbi x ctia coc j do
phan lyc Rki gay ra, ta co:

R.. =z'jixk.7r.D.Li (5)

J

Tixk & (ng suét tiép tai gbi x trén coc j, do
phan lyc Ry & coc i gay ra.

Do sw twong tac qua lai gitra coc - dat, dat
xung quanh coc j s& xuat hién mot thanh phan phan
lyc nguwoc chiéu véi cac luc Rjix va tac dung nguwoc
tré lai coc i, can tré coc i lun dwéi tac dung cua tai
trong P, Céc thanh phan khang luc nay duwoc ky
hiéu Rm« xac dinh nhuv sau:

R;jxk =T 'ijxk z.D.L, (6)

trong do: T'ijxk la (rng suét tiép tai gbi x trén coc i,
do phén lyc R« & coc j gay ra.

Phan luc Ry tai gbi k coc i gay thanh phan ng
suat phap theo phuong ngang va truyén dén than
coc j, diéu nay sé& lam tang (ng suét phap hivu hiéu
GLI(Z) cla dat 1én coc j dan dén ma sat bén cuc dai
tai than coc f, thay déi.

Cong thire (2) dworc viét lai nhw sau:
f.(z)=[o, (Z)+Gjixk]'tg5! (7)
trong do:

Oy - ing suat phap trung binh theo phwong x

tai doan k trén than coc j do phan lyc Ry gay ra,
duwoc xac dinh theo 1&i gidi Mindlin.

Viéc truyén (rng suat phap tr mii coc i sang
mdi coc j dwgc xac dinh theo so dd hinh b. Theo dé,
Iwc cwdng blre tai mii coc j do phan lwe tir mdi coc i
gay ra, dwoc Ky hiéu la Ry va xac dinh theo cong
thire:

iji =0y- 4 (8)
trong do: o la ing suat phap trung binh tai mii coc
j do phan lyc dau coc i gay ra, duwoc xac dinh theo
|0 gidi Mindlin.

Trong trwéng hop cac coc co chiéu dai khac
nhau, dé sau dat mai coc i va j chénh léch c6 thé
khién hiéu (rng twong tac gilra cac coc suy gidm
dang ké.

Trong trwdng hop nhém coc cé sb lwong coc
nhiéu hon, viéc tinh twong tac gitra cac coc st
dung phuwong phap cdng tac dung, cé ké dén chiéu
dai coc khéng giéng nhau.

3. Thi du tinh toan

Trén co s& ly thuyét, tac gid lap chwong trinh
tinh PDL (Piles of Different Length) badng MATLAB
dé phan tich va khao sat.

3.1 Théng sé dau vao

Théng sb dau vao: méng coc dlic sén, coc bé tong cét
thép (BTCT) 03x0,3m: bé tong coc B20

ok, =27. 107 (kPa) , con théng sb dt nén (bang 1).

Bang 1. Théng sé dia chét nén dét

T Day (m) y(kN/m3) E(Kpa) u ¢ (0)
1 5 20,5 10000 0,3 24
2 oo 22 12000 0,3 30

Coc duoc chia lam cac doan dai 1m.

Ma sat bén cwe dai |4y theo mé hinh Mohr-Coulomb theo cong thire (1)

Strc khang miii cyc dai lay theo API theo céng thirc (3)

So sanh két qua phan tich coc don véi Plaxis 3D foundation (Rine=0,8), coc dai 10m (hinh 7 va hinh 8).
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Hinh 8. Biéu dé quan hé tai trong - do Itn coc don

Nhan xét: Biéu do quan hé tai trong - do Iin kha tiém can, két qua phan tich coc don dwoc st dung dé

phan tich nhém coc.

* So sanh hé sb hiéu trng nhdm coc véi cac két qua da cong bé:
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Hinh 9. So sanh véi céc két qua da céng b

Dung chwong trinh tinh PDL dé phan tich nhém
coc ¢co cung chiéu dai va khoang cach tim coc. Két
qua tinh hé sb nhém mong 4 coc va 9 coc déi xirng
dwoc so sanh v&i cong thire thyc nghiém cla
Converse-Labarre (1980), TCN 272-05 va két qua
thi nghiém cta gido sw Al-Mhaidib, A.l (2001) [7],
két qua nhw trén hinh 9.

Cong thirc Converse-Labarre dé tinh hé sé hiéu

*ng nhom:

n=1—2.—ArCtg(D/S).(2—i—lj ©)
T m n

trong d6: m va n - s6 coc trong mét hang va sé hang
coc; S - khodng céach tim coc; D - canh coc.
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Nhén xét: Trwong hop méng 4 coc va mong 9
coc cho két qua tinh kha sat v&i cong thirc thuc
nghiém va két qua thi nghiém cho thdy phuwong
phap tinh c6 co sé& tin cay. Trén co s& do tiép tuc
str dung chuwong trinh PDL dé khao sat cho mét sb
trwdng hop méng co chiéu dai coc thay dbi.

3.2 Khao sat trwrong hop méng 3 coc
Xét 3 trvong hop khac nhau clia moéng 3 coc:
a) Céc coc c¢6 cung chiéu dai L=10m
b) Coc gilra dai L=12m, cac coc bién dai L=10m
¢) C4c coc c6 cuing chidu dai L=12m

Xét 2 trwerng hop: Nhédm coc dau tw do va ngam
clng vao dai, véi gia thiét dai coc cieng tuyét dbi.
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Hinh 10. Mat dieng méng coc
NHOM 3 COC PAU TU DO Tai trong (KN)
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~#-Coc giita 12m

—#—Coc bién 10m

Hinh 12. Quan hé tai trong - d¢ lun cac coc
nhém coc dau tw do

Nhan xét:

T cac két qua trinh bay trén cac hinh 10 dén
hinh 13 ta thdy: D6 clrng clia coc & gitra kha 16n so
v&i 2 coc con lai & bién, diéu nay la do coc & gilra
dwoc tadng cwdng chiéu dai va hiéu (’ng nhém cla
mong 3 coc la khéng dang ké.

Két qua phan tich cho thay hiéu qua cuta trwéng
hop méng hén hop céc loai chiéu dai coc ndm &
khodng gitra 2 trwéng hop con lai. Diéu dé cho thay
tinh kha thi khi str dung loai méng nay.

3.3 Khao sat trwrong hop méng 9 coc
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Hinh 11. Mé&t bang méng coc
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Hinh 13. Quan hé téi trong - dé lun
cac phuong an méng

Xét 3 trwdng hgp khac nhau clia méng 9 coc:
a) Céc coc c6 cung chiéu dai L=10m
b) Coc c6 cuing chiéu dai L=12m
c) Coc gilra dai L=12m, cac coc con lai dai L=10m

Xét hai trieong hgp khac nhau clia dai coc:

- Nhém coc dau ty do;

- Nhém coc dau coc ngam clrng vao dai.

Gia thiét dai méng clrng tuyét déi. Két qua tinh
toan trinh bay trén hinh 14.
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Nhéan xét:

- Coc gitra cho thy do ctrng I&n hon nhiéu so
vGi cac coc con lai do chiéu dai coc dwoc ting
cwong, tuy nhién do sé lwgng coc nhiéu, hiéu ng
nhém da anh hwéng lam coc nay yéu hon so Vo
coc twong tw & trwdng hop moéng 3 coc;

- Két qua phan tich cho thdy hiéu qua cua
trwérng hop mong hdn hop cac loai chiéu dai coc
van nam & khoang gitra 2 trwérng hop con lai. Tuy
nhién viéc chi tdng cudng chiéu dai 1 coc khéng
gilp strc chiu tai téng thé tang nhiéu nhuw trwéng
hgp moéng 3 coc.

4. Két luan

Két qua cla bai bao cho phép phan tich dwoc
s lam viéc clia méng coc trong trd'ng hop cac coc
c6 chiéu dai khac nhau.

Viéc s dung cac coc hén hop chiéu dai trong
mong co6 sé lwong coc nhiéu cho thiy ng xir cla
mong coc tré nén phire tap hon.

Dé thiét ké cac loai chiéu dai coc téi wu hon cho

méng, can khdo sat nhiéu trueng hop thiét ké coc
va so sanh dé cho ra phwong an tét nhat.
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