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COC PAT XI MANG - GIAI PHAP NEN MONG THAN THIEN MOI TRUONG
CHO CONG TRINH XAY DUNG

THE SOIL CEMENT PILE — AN ENVIRONMENT- FRIENDLY FOUNDATION
ALTERNATIVE FOR CONSTRUCTION WORKS
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!Truong Dai hoc Bach khoa, Dai hoc Da Néng; huudaod1203@gmail.com
’Truong Cao dang Coéng nghé, Dai hoc Pa Nang; pctho@dut.udn.vn

Toém tat - Coc dat xi méng (viét tat 12 coc SCP) véi nhidu wu diém
trong xt ly nén mong nhw: gidm Ian, cai tao nén dét yéu, tang kha
nang chiju tai cho nén cong trinh, st dung vét liéu dét tai chd v.v.
Déi v&i cac khu vire cé nén dét cat clia thanh phd Da Néng va vung
lan can co diéu kién dia chéat twong tw, cuwdng d6 vat liéu coc dat
xi méng cao hon 10 dén 20 14n so v&i trong dat sét véi cling ham
lwgng xi mang thém vao. Strc chiu tai tlr thi nghiém nén tinh cla
coc don dat tir 800kN dén 1500kN. Coc c6 thé (ng dung trong chiu
Iwe cho mong c¢dng trinh xay dwng dan dung thay cho cac loai coc
truyen théng nhw coc ép, coc ong, coc khoan nhdi trong nhirng
diéu kién phu hop vé dia chat va tai trong cong trinh. Vi (ring dung
nay coc dat xi mang sé khong st dung vat liéu cat, da xay, thép
cho viéc ché tao coc, do vay sé giam lwong dét thai, gidm st dung
nang lwong trong san xuét vat liéu xay dung, do vay gép phan lam
gidm 6 nhiém mai trwéng. Bai béo trinh bay mot sb két qua nghién
ctvu thue nghiém vé cwdng do vat liéu coc dat xi mang va hiéu qua
&ng dung cho mét sé cong trinh thye té trén dia ban thanh phd Da
N&ng va Quang Nam.

Tir khéa - coc dat xi mang; dat cat; dia chat; cwong do; stre chiu
tai; giam nang lwgng; moi tredng.

1. Dit véan dé

Coc dit xi mang la san pham cua cong nghé khoan
tron xi mang dang kho hodc vira vao trong dét, sau thoi
gian ninh két tao ra coc [3], [5], [8]. Pdi véi nén dat tt
nhu cat, 4 cat, san phdm cta phuong phap tron sau w6t
cho duoc coc dat xi mang c6 cudng dd cao, co thé st
dung lam coc chiu lyc cho cong trinh xay dung [2]. Véi
nhiéu vu diém nhu st dung vat lidu tai chd, khong sir
dung vat li¢u cat, da xay, thép nén str dung coc dat xi
ming giam thiéu str dung nang lugng, giam 6 nhiém méi
truong. Phan 16n cac nghién ciru trén thé gidi va trong
nudc tap trung cho Gmg dung coc dat xi ming dé cai tao
xtr 1y nén dat yéu cho nén duong, khéi dap cao, nén
duong sat, duong bang san bay.v.v. [5], [8]. Ung dung
coc dat xi mang trong chiu luc cho méng cong trinh xay
dyng con rat han ché. Dbi v6i nén dat cat vung ba Ning
va céc tinh mién trung co diéu kién dia chat tuong tuy,
coc dat xi mang cho cuong dd chiu nén UCS cao dén
trén 10Mpa [5], coc dugc st dung lam coc chiu luc cho
moéng cong trinh ddc biét 1a cong trinh nha cao tang dén
clp II (dudi 17 tAng) [2]. Nhu vay giai phap coc dét xi
mang s€ dugc xem la mot giai phap coc hop 1y, gia thanh
thap hon cac loai coc khac dong thdi gbp phan giam 6
nhiém méi trudng. Cac két qua tap hop trong bai bao
nay s€ lam co s& khoa hoc cho muc dich ung dung coc
dat xi mang lam viéc nhu coc.

Abstract - The soil cement pile (CSP) has many advantages in soil
treatment such as reduction of foundation settlement, improvement
of soft soil, increase in load capacity for ground works, use of local
soil, etc. For sandy soil areas in Danang city and the neighbouring
ones with similar geological conditions, the unconfined
compressive strength (UCS) of the soil cement pile is from 10 to 20
times higher than that of clay with the same amount cement added.
The load bearing capacity from static compression tests of single
piles ranges from 800kN to 1500kN. This type of piles can be used
to bear the foundations of construction works as a substitute for the
traditional type of piles like concrete piles, pre-stressed pipe piles,
bored piles under suitable conditions of geology and workload. The
employment of soil cement piles does not entail sand, crushed
rock, steel, bentonite, thereby reducing the amount of waste soil
and energy used in the manufacture of materials, thus helping to
lessen environmental pollution. This paper presents the results of
an experimental study on the strength of soil cement pile materials
and the efficiency of their application in some practical works in
Danang and Quangnam.

Key words - soil cement pile; sandy soil; geological; UCS; load
bearing capacity; reducing energy; environmental.

2. Giai phap tinh toan - thiét ké - thi cong

Déi voi coc dat xi mang chiu lyc, cac thiét ké thong
thuong, coc dét xi mang dugc thiét ké lién sat nhau. Suc
chiu tai cta coc duge xac dinh nhu coc don va kiém tra
thong qua thi nghiém thur tai tinh. Déi v6i nhom coc thi tinh
suc chiu tai theo khdi theo quan diém mong coc lam viée
theo “Bock™ ciia Bergado (Hinh 1) [1]. Tuy nhién v6i coc
d4t xi mang trong nén cat, coc c6 chat luong tdt, cuong do
cao, cho strc chiu tai cao, cac coc duoc dich ra dé huy dong
suc khang bén, ning cao hon sirc chiu tai ctia coc trong
nhém coc. Khoang cach giira tim cua cac coc dé& nghi
d/D=(1,5+2,0) d dam bao yéu cu k§ thuat va kinh té. Strc
chiu tai cia nhom coc dé nghi tinh theo phuwong phap lam
viéc nhom cuiia Terzaghi va Peck (Hinh 2) [4].

Gidi phdp cdu tao: Pbi v6i coc dit xi ming chiu luc
cho cong trinh dan dung, doi hoi coc phai ¢ kha ning tiép
thu tai trong ngang va momen, do vy giai phap céu tao
phan dau coc dugc ngam vao dai 20cm. Hinh 3 thé hién
céu tao clia mot mong coc dat xi ming, coc ¢6 duong kinh
D800, chiéu dai 10m, d/D=1,5 chiu tai trong thing dimg
thiét ké trén 1000 tan.

Gidi phdp thi cong: Dbi v6i nén dat cat va a cat, do am
tu nhién thuong nho hon 40%, phuong phap tron udt duoc
xem la hop 1y hon so véi phuong phap tron kho. Miii khoan
dugc ciu tao canh tinh dé chdng hinh thanh tru vita xoay
khi thi cong.
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Hinh 1. So do tinh theo khéi “Block” ciia Bergado, 1994 [1]
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Hinh 2. So dé tinh nhém “Group” theo Terzaghi&Peck
dugc dé nghi [4]

Cong thurc tinh strc chiu tdi ciia nhom coc theo Bergado [1]:
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Cong thirc tinh sic chiu tai cia nhém coc theo
Terzaghi&Peck [4]:
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Hinh 4. Phéi canh toa nha FPT Complex

3. Nghién ctru irng dung tai cong trinh FPT Complex
3.1. Thong sé ky thudt

Cong trinh Khu phirc hop van phong FPT xay dung tai
phuong Hoa Hai, quan Ngii Hanh Son — thanh phd Da
Néng. Cong trinh duoc thiét ké hinh vanh khuyén bao boc
trbng dong, ¥ tuong thiét ké toa nha xanh, théng minh,
giam sir dung ning lugng. Cong trinh ¢6 két cdu 07 tang,
xay dung véi cong nang lam tda nha van phong trung tdm
ctia cong vién phan mém FPT véi st chira 10.000 ngudi.
Cong trinh c6 két cau nhip 16n, dung san va dim bé tong
cdt thép du umg lyc, mot sb nhip dim 16n trén 20m, tai
trong truyén xudng chan cot mot s6 vi tri trén 10.000kN.

3.2. Pic diém dia chit

~ Pac diém dia chat va céc tinh chat co 1y cia dat dugc
tong hop trong Bang 1.
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3.3. Gidi phdp thiét ké

St dung coc SCP dudng kinh D=800mm, chiéu dai
10m, khoang cach giita hai tim oc gan nhau l1a 1,5D=1,2m.
Ham lugng xi ming thiét ké 350kg/m? dat, ty 1& N/X=0,8,
vat liéu coc co cuong do vira thict ke 3,600kN/m2, hé so
diéu kién lam viéc dai han: FS4,=3,0, ngan han FS,y=1,5.
3.4. Thong sé ky thudt thi cong

. Cac budc trién khai thi cong coc dat xi ming va thong

s0 k¥ thuat nhu sau:

-Bude 01: ’Din’h Yi tim coc, kiém tra cao do mat dat so
voi cao d6 thiét ké bang may toan dat dién tur.

-Bugce 02: Di Chu}fél} may t61 vi tri khoan coc, dinh vi
may, can bang may dé san sang khoan.

-Budc 03: Tién hanh chay may khong tai trude rdi tir tir
ha miii khoan xudng dén cao trinh mat dat hién trang.

-Budc 04: Can khoan tiép tuc di xudng dong thoi bom
vita xi mang. Téc d6 miii khoan di xubng trung binh
0,5m/phut, tuy theo diéu kién dia chat ma téc d6 miii khoan
c6 thé thay dbi tir 0,2m/phut dén 0,5m/phut tng vé6i luu
luong vira phun twong ung; sb vong quay canh tron
(30--35)vong/phut.

-Budc 05: Khi mili khoan dén do sau thiét ké, ngit dong
vira va nhdi doan day coc bang chiéu cao mii khoan, tiép
tuc cho quay nguoc va rat can khoan 1én tir tir toc do trung
binh (0,5+0,7)m/phut. Tai dau coc dit cat co do chat 16n,
téc do xuyén 1én va xudng tai 2m dau coc duoc dé nghi la
0,1m/phut.

-Budc 06: Két thuc quy trinh coc va di chuyén may
khoan dén vi tri coc khac va tién hanh nhu trén.

Hinh anh minh hoa cho cac budc thi cong tir bude 3 dén
budc 6 nhu Hinh 5.

Bing 1. Tong hop s6 liéu cac I6p dia chat

Lép dat M5 ta 3;‘(‘::) Na | W(%) (kN},mJ) e G | E(kPa) (kga) ((;%)
Lép dat 1 | Céat min, trang thai roi x6p 4.4 8 | 29,1 18,3 | 0,87 | 0,88 | 4725 - 25
L6p dat 2 | Cat min, trang thai cht vira 6 17 | 23,9 19,1 | 0,73 | 0,86 | 10600 - 28
L6p dat 3 | Cat min, trang thai chat dén rat chat 6 58 | 18,6 19,8 10,59 | 0,84 | 27560 - 42
Lop dat4 | A sét déo mém 2,1 5] 364 18,2 | 1,02 10,98 | 5000 | 12,9 | 10,2
L6p dit 5 | Cat bui trang théi chit vira dén chat 1,7 |41 22,6 | 19,2 | 0,69 | 0,87 | 20400 - 37
L6p dat 6 | A sét trang thai déo cimg dén cimg 4.8 19 | 283 189 10,85 0,92 | 8240 | 17,8 | 18,7
Lop d4t 7 | Cat min trang thai chat dén rat chat 5 46 | 21,7 19,7 | 0,63 | 0,91 | 22200 - 38

Buoc 3

Buoc 4

Budc 6

Buoc 5

Hinh 5. Trinh tu cdc buéc trién khai khoan tao coc dat xi mang

3.5. Két qud thi nghi¢m cho coc
3.5.1. Thi nghiém vat liéu

Trién khai thi cong 12 coc thir D800, chiéu dai 12m tinh
dén cao trinh mat dat, khoan 15i xuyén tam cho 05 coc
duodng kinh 72mm va gia cong mau H=2D, thi nghiém nén
15i. Cudng d6 qu ciia mau dat tir (3,63+14,09) MPa [6], két
qua nén mau theo d6 sau cua cac 05 coc thir thé hién trén
Hinh 6. Két qua cho thiy rang cang xudng siu theo dia ting
dat cat c6 do chat 1on, chi s6 SPT N30=(50-+70) thi cudng
d6 qu tang dan v6i cing ham lugng xi ming 1a 350kg/m?.

3.5.2. Thi nghiém nén tinh

Coc c6 tai trong thiét ké Pu=650kN/coc don, tién hanh
thi nghiém nén tinh theo tiéu chuin 9393:2012 [6] cho coc
don va nhom coc dén tai trong thi nghiém Py=200%
Pu=1300kN/coc don va nén tinh cho moét nhom 02 coc.
Hinh anh va két qué thi nghiém trong Hinh 7, 8, 9.

Nhdn xét: Két qua nén tinh cho thiy coc dat dugc sirc chiu
tai cao dén 1300kN [6], tuy nhién chuyén vi do duoc tai diu
coc con rat nho, tong chuyén vi d4u coc chi dat dén 8mm, coc
chua phat huy hét kha nang chiu luc. Stic chiu tai theo dét nén
s& dat cao hon néu diéu kién thi nghiém cho phép.
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Hinh 8. Két qua nén tinh coc don

4. Panh gia hiéu qua kinh té k§ thuat

Két qua ung dung tai 6’du an cong trinh dan dung tai
ba Nang va Quang Nam, két hop so sanh gia thanh véi cac

giai phap coc khac dugc tap hgp trong Bang 2.

Danh gia chi tiéu kinh té: Theo Hinh 10 cho thay ty 1¢

Hinh 9. Két qua nén tinh nhom 02 coc

gia thanh cua coc dat xi mang thap nhit va co ty 1& tir

dng du img luc.

(42,1+56,2)% so voi coc khoan nhéj, va ty 1& tir (58+75)%
so véi gia thanh cua coc bé tong cot thép duc san va coc

Vé yéu t6 k¥ thuat: Giai phap coc dit xi ming dap tmg
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cac yéu cau ky thuét nhu dbi véi cac giai phap coc khac.  cong nhanh va dédc biét hi¢u qua trong nhitng du &n cod s6
Tuy nhién, diém manh cta gidi phap coc nay la tién 46 thi  lugng coc nhicu.

Bdng 2. So sanh chi tiéu kinh 1é ciia coc dat xi mang so voi cac logi coc khac

Cong trinh Théng sb Cocnhdi| Cocdng DUL| Coc ép BTCT| Coc SCP
Loai coc D/B(mm) 800 500 350*350 800
o L(m) 300 37 21 12
KIA ‘%Vrvégﬁ‘”ﬁéi Pan(kN) 8.000 3.500 1.400 1.050
(TH1 )g Khoan dan (m) 0 8 8 0
Gid thanh(d@ong/kN) 14.250 11.257 10.714 8.000
o L(m) 30 28 28 14
B‘?%hi ;%1;33 khoa Pan(kN) 6.000 2.600 1300 600
j (TH2) Khoan dan (m) 0 4 4 0
Gid thanh(@ong/kN) 17.500 15.653 15.153 14.000
L(m) 38 35 20 12
Chung cu thu nhap thap Pen(kN) 8.000 3.200 1.400 1.200
An Trung 2 (TH3) Khoan dan (m) 0 12 12 0
Gid thanh(d@ong/kN) 17.500 16.625 11.142 7.000
] L(m) D) 34 26 15
Khéch (S%‘ﬁ)anouva Pen(kN) 8.000 3.400 1.400 1.300
Gid thanh(dong/kN) 16.800 12.000 10.771 8.077
~ L(m) 38 34 18 14
Vinh (TTr‘;l“Sg) Plaza Pan(kN) 8.000 3.500 1.400 1.400
Gid thanh(d@ong/kN) 15.200 10.686 7.714 7.000
) L(m) 28 23 14 12
Kh‘égguclei"p FPT Pan(kN) 8.000 3.200 1.400 1300
(%’H 5 Khoan dan (m) 0 10 10 0
Gid thanh(@ong/kN) 12.250 8.844 8.143 6.462
100 & L 4 < & < \ g
80 % ~J
< 60 K//\w;{ —— J
> —
2 40 \é”_—ﬁ_
20 —e— Coc khoan nhdi D800
0 @— Coc 6ng DUL D500
1 2 3 4 —0=— Coc ép 350*350
Trwong hop —t— Coc SCP D800

Hinh 10. Biéu d6 so sanh theo % gid thanh cua cdc loai coc cua 6 duw dn

5. Panh gia lwong giam vt liéu va tic dong méi trwomg  trinh, dong thoi ting tién do6 thi cong so vai cac giai phap
Théng ké khai toan str dung vt liéu phuc vu cho thicong ~ ©9€ khac.

coc tai 5 dy 4n vé sir dung va luong giam vét liéu xay dung Vé tac dong moi truong: Khi thi cong coc dét xi ming
s0 vo1 phuong an goc la coc €p bé tong cot thep, chi phi va  khong sir dung cac loai vat liéu thép, cat, da xay nhu trong
thoi gian thi cdng so bo dugc tong hop trong Bang 3. Bang 4 nén giam thiéu st dung nang luong trong san xuét

Bang tong hop dé cho thdy luong giam rat 16n vé thép, caf: loai vat 11¢u‘na.}{,.g01')’ phan glf‘m 0_ flhler}l. m01‘ truong.
vat lidu cat, d4 xay va giam chi phi xdy dung méng cong ~ PAay duoc xem la giai phap coc than thi¢n moi truong.

Bing 3. Tong hop lwong gidm vt liéu, chi phi va théi gian thi céng cho 5 cong trinh

Céng trinh Bél}h Vif}n FPT C'hur'lg cu Vinh Trung Khach san
Pién Ban Compex Pai bia Bao Plaza Sanouva

S ting 5 7 9 17 17

S6 coc 1300 1050 1200 1350 700

Giam thép (T) 138 150 132 270 120

Giam cét (m?) 720 800 680 1500 700

Giam da xay (m®) 1100 1120 1030 2220 1000
Giam chi phi (%) 35 36 34 38 36

6. Két ludn mong cong trinh xay dung va dugc xem nhu coc chiu lyc

- Giai phéap coc dat xi mang duoc 4p dung chiu lyc cho  trong nén dat cat la hudng di mai trong ap dung cong nghé
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coc ndy, dong thoi phuong phap tinh cho coc 1am viée theo
nhém “Group” theo Terzaghi & Peck 1a phu hop

- Viéc img dung coc dat xi mang vao mot so cong trinh
thuc tién da cho dwoc chat lugng coc cao vé cudong do
qu=(3,5+14)MPa va stc chiu tai ctia coc trén 1300kN.

- Giai phép coc dit xi mang cho hiéu qué cao vé kinh té va
ky thuat so voi cac giai phap coc thong thuong khac nhu coc
ép bé tong, coc dng, coc khoan nhdi trong cling didu kién.

- Coc dit xi ming khong st dung vat li¢u cat, da xay,
thép, khong sinh ra lwong dit thai, do vay lam giam sir dung
nang luong trong xay dung, gop phan giam 6 nhiém moi
treong, nén co thé duoc xem 1a giai phap nén mong than
thién moi truong.

- Trong céc trudng hop cong trinh nha cao ting dén cip
2 trén nén dat cat, viéc su dung coc dét xi mang dem lai
hiéu qua kinh té, ky thuat, can phat trién ung dung trong
cac khu vuc c6 diéu kién phu hop vé dia chit cong trinh va
tai trong.

(1

(2]

(3]
(4]
(3]

(el

(7]
(8]

TAI LIEU THAM KHAO

Bergado D.T., Chai J.C., Alfaro M.C., Balasubramanian A.S (1994),
Nhirng bién phap ki thudt moi cdi tao dat yéu trong xdy dung, NXB
Gido duc, Ha Noi.

Db Hiru Pao (2015), Nghién cieu sy lam viéc cua coc don va nhom
coc dat xi mang cho cong trinh nha cao tang, Luan 4n Tién si ky
thuét, Pai hoc Pa Ning.

JISA (2009), Tiéu chudn coc vita Nhdt Ban, Hiép hoi duong 6 to
Nhét Ban.

Joseph E.Bowles,RE.,S.E (1997), Foundation analysis and design,
TheMcGraw-HillCompanies,Inc.

Kitazume, Terashi (2013), The Deep Mixing Method, ISBN 978-1-
138-00005-6 CRC PressBalkema P.O. Box 11320, 2301 EH,
Leiden,The Netherlands..

Trung tAm nghién ciru tng dung va tu van k¥ thuat nén méng cong
trinh, Két qud thi nghiém coc ddt xi mang cac cong trinh trén dia
ban Pa Nang — Qudang Nam, Da Ning 2007-2015.

TCVN 9393_2012 (2012), Coc - Phwong phdp thir nghiém hién
truong bang tai trong tinh ép doc truc, NXB Xay dung, Ha Noi.
TCVN9403 (2012), Gia c6 dit yéu - phirong phdp tru ddt xi méng,
NXB Xay dung, Ha Noi.

(BBT nhdn bai: 30/07/2015, phdan bién xong: 09/09/2015)



