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TOM TAT

Bai toan Kha ning chiu tai ciia coc va nhém coc trong dét roi 1a mot chi dé ly tha véi nhiéu hudng nhu vé Hé
s6 hiéu qua nhom, vé chiéu sau téi han ma tai d6 ma sat hong khong thay d6i theo d6 sau... Bai béo nay nghién cau
chu yéu vé kha nang chiu tai cia nhém coc trong dat roi, dong thoi khao st hé sé hiéu qua nhém khi cu ly bé tri coc
tang 1én 16n hon 3D, ciing nhu khi s6 coc ting 1én. Coc don va nhém coc ha vao nén dat roi ddng nhat dwoc mo
phong ding phan mém Plaxis 3D. Két qua chi ra Kha nang chiu tai ciia nhom coc la khac nhau khi xem xét bai toan
cu ly ¢ dinh, khéng chi giam khi sb coc ting 1én; ngoai ra, Hé s hiéu qua nhém la khéc nhau gitra a) s coc trong
nhém thay d6i va b) cu ly tim tim coc thay doi (khi bé tri coc theo nhitng khoang cach khac nhau va sé coc ¢ dinh).
Tir d6 nghién ctiru @& nghi cdu hinh hop Iy cho coc ha vao dit roi.

Tir khéa: Kha ning chiu tai; Hé sé hiéu qua nhém; Cau hinh; Nhém coc.
A study on group efficiency of piles in sand
ABSTRACT

Bearing capacity of pile group in cohesionless soil is an interesting topic with studies about coefficient of
efficiency, about critical depth where skin friction seems constant with respect to depth of embedment/installation
etc. This article focuses on bearing capacity of pile group with variety of configuration with numbers of piles in
group, and with pile center-to-center distance. Single pile and pile group in non-cohesive nearly homogenous soil
foundation was modelled using Plaxis 3D. Result indicates that pile group capacity varies as the distance or number
of piles changes, not only decreases as the number of piles increases; besides, efficiency depends on a) considering
various number of piles with the same center-to-center distance, or b) considering as same number but at different
pile distances. Discussion then suggests a reasonable configuration for pile group in non-cohesive soil foundation.

Keywords: Bearing capacity; Coefficient of Efficiency; Configuration; Pile group.

1. Gioi thiéu
Coc it khi dtng riéng ré va thuong cau

kiéu bd tri (hoa mai hoic vudng hang ngang
doc). Va sau cung, su lam viéc caa nhom coc

tao thanh hang hoic nhom. V& phuong dién
két cau, sy lam viéc cua coc tly thudc do
cing cua dai, chiéu sau dit day dai (dai cao
hodc dai thap) va khoang céch giita cac coc
trong nhom. Vé phuong dién nén mong, su
lam viéc cua coc tuy thudc nhiéu yéu té: cach
danh gia kha nang chiu tai (KNCT) cho nhém
coc trudc hét 1a rat quan trong. Ké dén, su
phan bé strc chiu tai gitra cac coc trong nhém
va anh huong cua sb coc, cu ly tim tim coc va

ma cu thé 1a con tly thudc vao loai dat. Tuy
theo loai dat nén ma xay ra qua trinh chuyén
hoa, truyén tai gita c4c coc véi nhau; theo
loai dat dudi miii va quanh coc ma qua trinh
truyén tai xay ra tir coc trong ra ngoai hoic
nguoc lai truyén tir ngoai vao trong.

Mot van dé duoc dit ra 13, hé sb hiéu qua
nhom cho dat rdi ¢6 gidng nhu hé sé hiéu qua
nhom cho dét dinh khéng? Ta c6 thé chi 4p
dung mot cong thirc nhu trong cac giao trinh
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dugc khdng? C6 thé hiéu duoc gi tir hé s6 nay
dé dong goép cho thiét ké va thi cong nhom
coc trong thuc té khéng?

Trong bai bao nay, kha nang chiu tai
(KNCT) cua nhém cac sé lweong coc khac
nhau, hodc cw ly bo tri khac nhau lan luot
dugc phan tich xac dinh, véi hy vong rat ra
mot két qua riéng cho KNCT cua nhém coc
ha vao dat roi mot 1op.

2. Co sé nghién cau

Hién nay, hé sé hiéu qua nhom duoc tinh
theo cdng thac, phu thudc chi yéu vao hinh
hoc (cu ly, s6 lugng) nhém coc. Piéu nay
thuc su khiém khuyét khi khong xét dén ung
Xt cua dat nén, ciing nhu tinh chat lam viéc
cia coc. Ngoai ra, ngay ca trong mot 16p
ching ta ciing chwa xét dén trang thai (46 am
cho dat dinh hoiac d6 chat cua dat roi); dac
biét, dat roi - véi thuoe tinh dan né caa né,
nghia 1a khi coc ha vao dat roi thi chat lai, dat
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chat 1a 1am roi dat ra - van con la mot nghi
van, néu chi xét theo cdng thirc nhu Converse
- Labarré; céng thuc Feld (1943).

Theo dinh nghia: Hé sé hiéu qua nhom
E= KNCT cua toan nhém/ (Téng KNCT cac
coc don 1¢)

Cong thac Converse Labarre (Bolin,
1947) cho dit dinh:

£ :1_£ m(n—1)+n(m-1)

90 mn

trong do:

véi D= canh coc; S= Cu ly tim tim coc.

m 1a sé hang coc

n 1a s6 coc mdi hang

cong thuac Feld (1943) xem xét so dd
phang mit bang coc dé udc tinh KNCT cua
nhom. Theo d6, mdi coc trong nhom bj cac
coc lién ké (theo moi phuong) lam giam di
1/16 stic chiju tai cta coc d6, bat luan xa hon
hay gan hon (xem hinh 1).
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Hinh 1. Hé s6 nhdm coc gan dung theo Feld (1943)

Nhiéu tac gia khac ciing dua ra nhiing
cong thae, cach xac dinh khac nhau nhu cua
Meyerhoff (1960), Vesic (1967), Hanna va
cong sy (1972) hay Garg (1979), Pauls va
Davis (1980)...

Cho dn ngay nay, voi cdng cu tinh toan
phan mém Phan tir Hitu Han manh, cac hé s6
nhém dugc tinh dya trén mé hinh md phong
la chii yéu. Sau ddy 1a mé hinh Plaxis 3D tinh
toan KNCT coc don va nhom coc.

3. M0 hinh tinh toan

Coc tiét dién hinh vudng 40x40cm, dai
12m. Coc dugc dong trong nén dat cat hoan
toan, duoc phac hoa theo mé hinh Béi xing
truc nhu hinh 2 duoi day:

1000 kN

- 00m

120m| o
..cat

. 1200m

Hinh 2. M6 hinh nghién ctru coc
Coc dugc dit ¢ trung tdm cua mot hé
dao nho voi d6 sau 1.2m. Tang dat c6 1 lop
cat sau 20m. Muc nu6c ngdm & rit sau. Dé
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tranh bat ky anh huéng caa bién (ving anh
huong lan toa lyc) mé hinh, mé hinh dugc
mo rong 8m dudi chan coc va 8m sang tat ca

cac bén.
bac trung tinh chat caa vat liéu duoc cho
dudi Bang sau:

Bang 1
bac trung vat liéu
Thong s6 Ky hi¢u - Loai vatlicu Don vi
Cat Coc
Mau vt liéu Model M-C Linear-elastic -
Loai vt liéu tac dong Type Drained Non-porous -
Khéi lwong don vi dét y 19.24 24 kN/m®
M5 dun dan hdi E 19000 29.2x10° kN/m?
Hé sb Poisson v 0.3 0.3 -
Luc dinh c 2.89 - kN/m?
Goc ma sat trong @ 29.53 - °
Goc truong nd 'z °
Hé s6 giam cuong do Rinter -

Céc budéc thiét 1ap mé hinh md phong caa
bai toan:

Buwéc 1: Thiét ldp tong thé

Bat dau chwong trinh Input va chon New
project tir hop thoai Create/Open project.

Trong trinh don Project cua cua $6
General settings, nhap mot tiéu dé thich hop
cho du an va giit mac dinh céc thiét 1ap khac.

Trong trinh don Dimensions, gilt cac don
vi chuan (Length = m, Force = kN, Time=
ngay) va nhap cac kich thuéc Xmin, Xmax,
Zmin, Zmax.

Bueéc 2: Thiét ldp mat bang 1am viéc

Mg cira s6 Work planes. Chén 4 mat bang
lam viéc mai. Gan gié tri y=0, y= -0.5m, y= -
1.5m, y=-13.5m, y=-20m.

Buéc 3: Thiét ldp dwong bao hinh dang,
két cau.

Chon ¢6ng cu Pile va xuat hién hop thoai
thiét ké coc.

Tur hop combo, chon massive square pile
va nhap gia tri canh a=0.4m

Buéc 4: Khai bao tai trong

Pé mo phong cac thir tai, tai trong tap
trung s& dugc truyén vao dau coc. Khi coc

duoc xay dung ngay dudi mat dat.

Chon cbng cu Point load va thém tai tai
tam coc.

Buwéc 5: Khai béao 16 khoan va céc tinh
chat cua vat liu.

Pé xac dinh c4c 16p dat, mot 16 khoan dugc
bd sung va céc tinh chat vat liéu duoc gan.

Buéc 6: Chia lwéi phan tir

Tao ludi 2D:

Khi phan tir coc dugec mod hinh trong so
dd hinh hoc, qué trinh chia luéi coc bo s& tu
dong duoc thyc hién bang chuong trinh quanh
duong vién coc. Ta tao mét ludi thich hop.

Nhap vao nit Generate 2D mesh. Mot vai
gidy sau, luéi dugc trinh bay trong cua so
Output. Kiém tra lu6i va nhap Update.

Tao ludi 3D:

Nhap nut Generate 3D mesh. Diéu nay s&
hién thi chuong trinh ra mot 1an nira, bay gio
hién thi xem ba chiéu cua ludi. Kiém tra ludi
va nhap Update.

Buéc 7: Thiét ldp giai dogn tinh todn

Ba giai doan duoc xem xét: diéu kién ban
dau, qua trinh xay dung coc va tai cua coc.

Giai doan 1: Diéu kién ban dau.
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Giai doan 2: Tao coc.

Click nat Next phase dé thém mot giai
doan mai.

Cira s6 phase list duoc hién thi. Trén trinh
don  Paremeters, click chon  Reset
displacements to zero. Piéu nay dé thiét lap
lai cac bién dang dugc tao ra trong tinh toan
ctia C4c trng suat ban dau.

Sau d6 trong giai doan 1 thiét cac vat liéu
cho dai coc, coc.

Giai doan 3: Tai trong hoat dong.

Next phase dé thém giai doan méi. Trén
trinh don Parameters, khong chon muc
displacements to zero. Trong muc lterative
procedure bo chon tuy chon mac dinh va thay

ddi Tolerated error 1a 0.0005.

Chon mit bing y= -1.5m. Thay dbi
hudéng va do 16n cua luc. Nhap gia tri luc -
1000 kN theo y.

Buéc 8: Chon diém

Dinh nghia cac giai doan di duoc hoan tét.

Buoc 9: Tinh toan

So dd hinh hoc va giai doan tinh toan da
duoc dinh nghia va tinh toan duoc bt dau.

Budc 10: Xem va xuét két qua biéu do
quan hé luc - chuyén vi

Vé6i dia chat va cac budc giai bai toan
nhu trén, 1an luot ta giai 40 bai toan. Duéi day
la sb hiéu céc bai toan theo sé coc va cu ly
tim-tim:

Bang 2
S6 hiéu cac bai toan
Khoang cach bb tri (D= kich thudc canh coc)

Sécoc | 3D 4D 5D 6D 7D
2 coc 1 9 17 25 33
3 coc 2 10 18 26 34
4 coc 3 11 19 27 35
5 coc 4 12 20 28 36
6 coc 5 13 21 29 37
7 coc 6 14 22 30 38
8 coc 7 15 23 31 39
9 coc 8 16 24 32 40

Coc duoc bd tri nhu trong Bang 3:

Bang 3
Céu hinh coc trong dai
S6 coc Khoang cach bd tri : ‘DAI CcoC ,
) (tim-tim) Chiéu dai | (m) | Chiéu réongb (m) | Hinh dang bo tri

3D 2 0.8
4D 2.4 0.8

2 5D 2.8 0.8 .
6D 3.2 0.8
7D 3.6 0.8

3 3D 3.2 0.8 s
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S6 coc Khoang cach bb tri ‘ ‘DAI COC '
j (tim-tim) Chiéu dai | (m) | Chiéu rongb (m) | Hinh dang bd tri
4D 4 0.8
5D 4.8 0.8
6D 5.6 0.8
7D 6.4 0.8
3D 2 2
4D 2.4 2.4 .
4 5D 28 2.8 : .
6D 3.2 3.2
7D 3.6 3.6
3D 2.5 25
4D 3.1 3.1 .
5 5D 3.6 3.6 °
6D 4.2 4.2 °
7D 4.8 4.8
3D 3.2 2
4D 4 2.4 ° ®
6 5D 4.8 2.8 o0
6D 5.6 3.2 o o
7D 6.4 3.6
3D 3.2 2.9
4D 4 3.6 .o
7 5D 4.8 4.3 co00
6D 5.6 5 e
7D 6.4 5.7
3D 4.2 25
4D 5.3 3.1 L.
8 5D 6.4 3.6 <.
6D 7.6 4.2 *
7D 8.7 4.8
3D 3.2 3.2
4D 4 4
9 5D 48 48 -
2 00
6D 5.6 5.6
7D 6.4 6.4
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Do thi hién thi chuyén vi cua coc (truc
tung) theo tai tac dung vao coc (truc hoanh).
Gia tri Multiplier trong cac biéu dd duoc nhan
VGi tai trong 1000 kN dé xac dinh tai trong
gidi han. Trong nghién ctu nay, tai trong gioi
han duoc xem 1a diém bét dau cé su thay doi
nhanh cua chuyén vi). Cac duong cong Luc-
Chuyén vi duoc V& trén ciing mot biéu do dé
danh gia truong hop thay ddi HS Nhém coc rd
rét nhat.

4. Két qua - Ban luan

4.1. Khi gi@ nguyén khodng céch coc,
thay déi s6 coc

CAc biéu d6 tinh toan (chi thé hién 2 dén

2 coc, khodng cdch thay doi

Chuyén
vi

Tai (Multiplier x1000 kN/coc)

4 coc, khodng cdch thay doi

'W““'l‘“ij'-
ek

Chuyén
vi

Tai (Multiplier x1000 kN/coc)

6 coc) thay doi khoang cach thé hién nhu ky
hiéu trong bang dudi day:

Ky hi¢u Kho(lang cach Bai toan s6

: giira 2 coc

—

Paint B 3D 1

s 4D 9
‘ aD 17

Foint B

Point B 6D 25

Point B 7D 33

(B 1a diém ¢ mili coc)
3 coc, khodng cdch thay doi

e
i Sl
o

Chuyén e y | ™
a BERIE

Tai (Multiplier x1000 kN/coc)

5 coc, khodng cdch thay doi

Chuyén
Vi

Tai (Multiplier x1000 kN/coc)
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6 coc, khodng cdch thay doi

Tai (Multiplier x1000 kN/coc)

Hinh 3. Cac duong cong tai — chuyén vi khi khoang cach thay doi

~ Nhan xét: Vi sb luong coc khdng thay Ky hi¢u Sécoc | Baiton sb
doi, khi khoang céch gitra hai coc tang dan tur —
3D dén 7D thi hé s6 nhém thay doi nhu sau: reme 2 1
Khoang cach 2 coc tir 3D dén 6D: hé sb Pamie 3 2
nhom tang nhanh ro rét. , , o 4 3
Khoang céach tur 6D den 7D: hé so nhém —
tang khong nhiéu Point B 5 4
4.2. Gii nguyén khodng cich thay doi 6 5
socec q , - |7 6
Cac biéu do tinh toan (chi thé hién 2 dén —
6 coc) thay ddi sé luwong coc thé hién nhu ky Point s 8 7
hiéu trong bang dudi day: P 9 8
Tai (Multipler x1000 kN/coc) (B 1a diém ¢ mili coc)
Khoang céch coc 3D: Khoang céch coc 4D:
Tl B =
Chuyén -~
vi et

\ Chuyén
vi

—— e

Tai (Multiplier x 1000 kN/coc) Tai (Multiplier x 1000 kN/coc)
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Khodng cach coc 5D:

Khodang cach coc 6D:

Chuyén )
Vi Chuyén
vi
Tai (Multiplier x 1000 kN/coc) Tai (Multiplier x 1000 kN/coc)
Khoang cach coc 7D:
T T——
Chuyén | e

vi

Tai (Multiplier x 1000 kN/coc)

Hinh 4. Cac duong cong Tai — Chuyén vi khi s6 coc thay doi,
Vi cac bai toan co khoang cach tim tim coc tir 3D dén 6D

Nhan xét: Véi khoang céch gitta 2 coc
khong thay doi, khi s6 coc thay ddi tir 2 coc
dén 9 coc thi hé s6 nhom thay ddi nhu sau:

Khi tir 2 coc dén 7 coc: hé s6 nhém giam
ro rét.

Khi 8 coc: hé nhom tang so véi 7 coc.

Khi 9 coc: hé s6 nhom lai giam r rét.

Két hop hai nhan xét rat tir md hinh md
phong trén, ta cd thé thay rang:

Tang khoang cach gitra cac coc trong
nhém dan dén s tang rd rét kha nang chiu tai
caa nhém.

Tang s lugng coc trong nhém khong 1am
tang nhiéu kha ning chiu tai

Cu ly hop ly - tai d6 kha nang chiu tai
tang nhanh hon cac cu ly khac - la trong
khoang tir 3D dén 6D. Két qua nay twong hop

Vvé6i cac nghién cau thue nghiém vé coc ha vao
cat cua Vesic (1975), Meyerhoff (1960),
Kishida (1964), Garg (1979) etc.

Mot sb nhan dinh khac:

o Kha nang chiu tai dugc xac dinh tir quan
diém nhin nhan “diém gay” co thé Iy theo tiéu
chuan hogc noi cip tai gay ra do lun coc 1a tir
0.025 D (khoan nhdi) dén 0.1D (dong ép)

o Khao sat trang thai US-BD tai cac
diém quanh than coc, cho thay Cat khéng c
su x40 tron quanh than coc, dan dén thanh
phan KNCT do bam trugt khong thay doi theo
do sau

o Cong thic hé s6 nhom théng dung
Converse Labarre (Bolin, 1947) cling danh cho
coc ma sat duong nhu chi dang véi coc ha vao
dat dinh, bé tri cu ly tim tim 1a 3D, khi luén
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cho Hé s hiéu qua nhom <1 (Garg, 1979)
o Terzaghi va Peck (1967) cong bé:
= coc ha vao cat chat vira, cu ly 3D la
dan dén hé sé hiéu qua nhém la cuc
dai 1a 1,25 va
= nhém 5 coc c6 hé sé nhém coc lén
hon nhom 4 coc (c6 vé nhu nghich
ly khi sé coc ting 1én thi hé sb
nhém khdng giam ma tang Ién!).
Trong nghién ciru ndy, hé s nhém co thé
tang hon khi cu ly coc trong khoang 3D-6D.
Phu hop véi cac van liéu sau nay (Craig, 1995).
o Mot sb van dé con can tiép tuc tim
hiéu tir nghién ctu nay, d6 1a anh huong cua
ty s6 Chiéu dai/Puong kinh (dé chi ra chiéu
su quan trong hon hay duong kinh quan
trong hon) va chiéu sau téi han Le, ma tai do,
ma sat hong khong thay doi tuyén tinh theo do
sau (Meyerhoff, 1976).

100 Fi ——

i
|

Efficiency in percentage

Pile spacinga
(b)

Hinh 5. Céc nghién cuiu trude day cua
Terzaghi va Peck (1967)

5. Két luan

Coc theo hang hay dang thanh nhém c6
hé s6 nhom coc khéc nhau, do cu ly (tuong
tac coc-dat-coc khac). Hé sb hiéu qua nhom
cho coc ma sat la khac nhau theo c&c nghién
ctru ly thuyét, thi nghiém va thuc nghiém. Tuy
nhién, it nhat, hé s6 nay dia dwoc nghién ctu
mo phong dung md hinh Mohr Coulomb cua
chuong trinh Plaxis 3D dd cho cac két qua
trong hop Véi cac tac gia di trude. Két qua
nghién ctru da chi ra rang Hé so nhom sé ting
ro rét khi cu ly tang lén trong khodang 3D-6D
VA Viéc tang sé coc dén |lén hon 7 coc thdt sy
khong lam tang kha nang chiu tai cua nhom.
Piéu d6 khién chung ta hiéu thém rang: Cung
chiéu dai coc, khi ha vao dét roi, kndng nén
thiét ké cau hinh nhdm coc véi cu ly nho hon
3D bat luan c6 tang chiu dat tét mii hay
khong vi coc 1am viéc ma sét 1a chu yéu.

Nghién ctru nay tuy da cho mot vai két
qua budc dau, theo d6 xac nhan hé sd hiéu
qua nhém coc trong dat roi ¢6 thé Ién hon 1
va cu ly bé tri hop 1y 1a 3D dén 6D (khoang
cach tim-tim), nhung dé tién dén kién thuc
thuc hanh, dé chuyén giao cong ngheé, thiét
nghi con can nhiéu nghién ciu bo sung nhu
hiéu chuan mé hinh, nghién ctu tham sb, di
chiéu voi nghién ctu thi nghiém va thuc
nghiém (ca trén mé hinh thu nhé 1an md hinh
ty 1& thuc, full scale site test) mai c6 thé 12 tai
liu tham khao tét cho nha thiét ké va thi cong
duoce

Tai ligu tham khao
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