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Anh huéng cia cong nghé ky thuat bom vira dén mot s6 tng xur
co hoc cua coc duong kinh nhé micropile: Nghién ctru tong quan

Bui Van Pirc”, Nguyén Vin Manh
Truong Dai hoc M¢ - Dja chat

TOM TAT

Cong ngh¢ coc duong kinh nhé micropile da va dang duoc su dung kha rong réi trong nhiéu linh vuc
khac nhau, dac bi¢t trong hoat dong sura chira, gia cuong nén méng cac cong trinh xay dung. Két qua nghién
ciru va thuc tién &p dung cho thay, hiéu qua gia cuong va (tng Xir co hoc cua coc duong kinh nhé micropile
phu thuoc vao kha nhiéu cac yeu t6, trong d6 cong nghé bom vita tao coc dong vai tro 16n chinh. Bai bao
tong hop va phan tich mot sé két qua nghién ctu sir dung cac cong ngh¢ va ky thuat bom vira khac nhau dé
lam s&ng té hon sy anh huong cla cong tac bom vira dén mot sb Gmg xir co hoc cua coc, nhu quan hé tai
trong-do 1an khi coc chiu nén va chiu kéo, do cirng va module bién dang cua coc.

Tir khéa: coc dong kinh nhé, gia cirong nén mong, phwong phdp bom vira coc, dg lin-tdi trong

1. Pat vén dé

Cong nghé thi cong coc duong kinh nhé, véi duong kinh coc nho hon 300mm, duoc nghién ctu lan dau
tién tai Italy vao dau nhirmg ndm 1950 dé stra chira, gia cuong nén mong va phuc hdi cac cong trinh bi hu
hong do chién tranh thé gigi lan tha 2 (Bruce va nnk., 1997). Cho dén nay, cong nghé thi cong coc dudng
kinh nho da va dang dugc ap dung trong nhiéu linh vuc Véi cac vai tro khac nhau, nhu: gia cudng mong
cong trinh c1, Iam két cau mong cho cong trinh méi, 6n dinh méi déc va hd dao sau, gia cuong cai thién
sirc chiu tai ciia nén. Thanh phan co ban cuia coc duong kinh nho thong thuong gom vira coc, thép coc, va
6ng vach. Mot s6 két qua nghién ciu thuc nghiém cho thay sirc chiu tai cua coc va higu qua cai thign sic
chiu tai cua nén gia cuong bang coc duong kinh nho phy thuge truc tiép vao mirc d6 mé rong dudng kinh
coc, kha ning xAm nhap cua vira coc vao dit nén xung quanh than coc, va chét luong tao coc (Bayesteh va
Sabermahani, 2018; Chalmovsky va Mic¢a, 2013; Esmaeili va nnk., 2013; Heo va nnk., 2021). Tuy nhién,
cac nghién cau téng hop, phan tich téng thé vé anh huéng cua c()ng nghé k§ thuat bom Vira coc dén mot s
g xur co hoc cua coc dudng kinh nho con kha han ché. Bai bao nghién ciu tong hop va phan tich mot sb
nghién ctru trude ddy nham lam sang to hon cac cong nghé ki thuat thi cong vira coc ciing nhu sy anh
hudng cua cdng ngh¢ ky thuat bom vira coc dén mot s6 thong s6 co hoc co ban khi coc chiu nén va chiu
kéo (nho).

2. Stec chiu tai coc va co ché cai thién tinh chit co 1y ciia hé nén-coc micropile
2.1. Sirc chju tdi caa coc

Strc chiu tai cua dudng kinh nho phu thugc vao hai yéu t chinh, bao gdm: cudng do vat liéu ché tao coc
va diéu kién dia chat. Cu thé stc chiu tai cia coc duong kinh nho duoc xac dinh nhu sau:
¢ Theo cudng do vat liéu ché tao coc: gdm hai thanh phan co ban: mot tir cuong d6 cua vira coc, va hai 1a
tir cbt thép coc, ngoai ra trong mot sé trudng hop thi cdng trong nén dia chit phirc tap con c¢6 éng vach thép
(casing). Tong hop phuong phap xéac dinh strc chiu tai cua coc theo cuong do vat liéu thé hién tai bang 1.
Bdng 1. Phwong phdp xdc dinh sixc chiu tdi ciia coc theo cuong dé vat lidu ché tao coc

TT Phuong phap Strc chiu tai cua coc Ghi
Coc chiu nén Coc chiu kéo chu
1 AASHTO, 2014 | P, = 0,54P,40 + 0,637Pie, (18) | Py = 0,8Prngp (1b) | LRFD
2 FHWA, 2005 Py = 0,4P,5q + 0,47Pipg, (2a) Pse = 0,55P ¢y (2b) | ASD
3 BS, 8110 Py = 0,4P,5q + 0,75P;ps, (3a) Pse = 0,58P¢p (3b) | ASD
4 IBC, 2006 P =0,33P,50 + 04Pissy  (48) | Py = 0,6Prnsp (4b) | ASD

" Tac gid lién hé
Email: buivanduc@humg.edu.vn
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trong do:
LRFD - phuong phap thiét ké theo hé s tai trong va hé sé stc khang; ASD - phuong phap thiét ké theo
{rng suat cho phép; Ps. - stc chiu tai chiu nén cua coc; P - stc chiu tai chiu kéo (nhd) cua coc;
vu‘a - f;‘ vita (5)
Pthep fy thepAthep + fy casmgAcasmg (6)
£, Apga - cuong do chiu nén mot truc no hdng va dién tich mat catn gang danh nghia cua vira coc;
fy—thepAtnep - 9161 han chay va dién tich mat cit ngang danh dinh cua cét thép coc;
fy—casingAcasing - 9161 han chay va dién tich mat cit ngang danh dinh cua ng vach thép.
¢ Theo diéu kién dia chit: trong giai doan thiét ké so bg, stc chiu tai cia coc dudng kinh nho theo diéu
kién dia chat thudng dugc danh gia thong qua phuong phap B (ddi voi dat cét), va phuong phéap o (ddi véi
dét sét); cu thé nhu sau:
Bang 2. Phwong phdp xdc dinh sirc chiu tdi cia coc theo diéu kién dia chat

Loai dat Phuong phap thi cong vira coc
Bom viia trong luc (loai A) Bom vita &p lyc nho 6ng vach thép (loai B)
Cat Py = Bo,044,VGi = 0,7tang (78) | Py. = Po,0As, VO f= K K, tan ¢ (7b)
Ki=14-17

K, = 1,2 — 1,5 cét chat
K, = 1,5 — 2,0 cat chit vira

Sét Py = aS,A, Véia=0,6—08  (8)
Trong do:
Gy - (NG SUt thing dung c6 hiéu; A, - dién tich than coc; ¢ - gc ma sat trong cua dat; S, — st
khéng cat khong thoat nuée cua dat; Py, — stc chiu tai cia coc theo diéu kién dia chat.
Ngoai ra, sic chiu tai cua coc cd thé duoc xac dinh théng qua sic bam dinh gitra giao dién vira/dat doc
than coc nhu sau:

Pac =224 2Dy Ly ©)

Trong d6: Dy, L, — duong kinh va chiéu dai bam dinh giita coc va dat nén; o, cuong do bam dinh
giita giao dién vira/dat; FS — hé sb an toan

Nhu vay, tir két qua tong hop va phan tich cac phuong phap xéac dinh sirc chiu tai cho thiy, cuong do
vira coc () va cudong d6 bam dinh gitra giao dién vira/dat (ap,onq) dong vai trd quan trong dén sic chiu tai
cua coc; n6i mot cach khac cong tac thi cong (cong nghé ky thuat thi cong) vira coc dnh huong truc tiép
dén stic chiu tai cua coc néi riéng va hé nén-coc néi chung; do d6, anh huong cua yéu td nay can dugc
nghién ciru tong hop dé 1am sang to hon.

2.2. Co ché cii thién tinh chdt co Iy ciia hé nén-coc micropile

Ngoai kha ning tao coc ¢6 sic chiu tai twong ddi cao dé chiu tai trong tryuc tiép cia cong trinh, mot sé
nghién ciru thuc nghiém cho thay cong nghé thi cong coc duong kinh nho micropile con c6 kha ning cai
thién dang ké tinh chat cua hé nén-coc thong qua mot sé co ché va hiéu ung, dién hinh nhu: hiéu tng nén
chat khéi dat trong pham vi cac phan tor coc, co ché xdm nhap gin két hat/khdi dat cua vira coc
(Bhattacharjee va nnk., 2011; Esmaeili va nnk., 2013).

¢ Hi¢u ung nén chat: Hiéu tng nén chat dugc lam ro trong cac nghién cuu st dung coc micropile gia
cuong méng ndng cia (Hwang va nnk., 2017; Lee va nnk , 2018; Tsukada va nnk., 2006). Theo d6, khi nén
du6i méng ndng tiép nhan tai trong tir méng truyen xudng thl khi dat dudi méng mot phan s& co xu hudéng
bi nén lGn theo phuong thing ding, con mot phan dich chuyén theo phuwong ngang; tuy nhién, do sy c6 mat
ctia cac phan tir coc nén sy dich chuyén cua dat theo phwong ngang bi ngin can va lam cho khéi dat trong
pham vi coc bi nén chit lai, két qua cua qua trinh nay lam tang stc chiu tai caa nén. Hinh 1 thé hién anh
huong cuaa hiéu tng nén chat dén bién dang cua nén dudi hé méng cho hai loai dat khac nhau: dét cét va
dét sét déo mém. Cuy thé, voi dt cat khi chua sir dung coc thi chuyén vi c6 dang pha huy cét tong thé, con
trong trudng hop sir dung coc micropile thi viing phé hoai duoc mé rong, dic biét theo phuong ngang; két
qua ma rong ving phéa hoai phan anh sy anh huong cua hiéu wng nén chit trong dét cat (Hwang va nnk.,
2017). Phan tich cia Hwang va nnk, 2017 déi véi bién dang cua dt sét déo mém cho thay khi chiu tai thi
nén dudi méng xuat hién dang phé hoai cat thing, tuy nhién khi str dung coc thi viing bién dang duoc mo
rong dang ké theo phuong dung.

¢ Higu iing xam nhdp gan két: Trong cong nghé thi cdng coc micropile, qua trinh bom vita tao coc
thuong dugc thuc hién dudi &p luc bom nhat dinh véi gia tri cua &p luc phu thudc vao timg didu kién cu
thé. Két qua nghién ctru thyc nghiém caa (Esmaeili va nnk., 2013) cho thiy ngay ca véi phuong phap bom
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vira trong lyc thi vira van c6 kha niang xam nhap, lap day 15 réng va gin két cac hat/khéi dit xung quanh vi
tri coc micropile lai v&i nhau nhu thé hién tai hinh 2.

Do d6, dé tang hiéu qua cai thién stic chiu tai cua coc ndi riéng hé nén-coc dudng kinh nho néi chung
thi can lam sang té hon nita céc cong nghé ky thuat bom vira tao coc ciing nhur anh huéng cu thé cia nd
dén mot sb tinh chit co 1y co ban cua coc.

M 2.17x102m
1.61x10m
Pat cat chat vira 1.05%10"2m
Khoéng ¢6 coc micropile
Dit sét déo mém
3.71x10%m
Khéng st dung coc micropile / si dung coc micropile V,

Hinh 1. Bién dang cia nén duwéi mong bé-coc micropile (Hwang va nnk., 2017)

Hinh 2. Si hinh thanh cac mach
vira trong khéi ddt xung quanh
than coc micropile (Esmaeili va
nnk., 2013)

=

3. Anh huéng ciia cong nghé ky thuat bom vira coc
3.1Téng quan vé cong ngh¢ ky thudt bom vira coc

Cho dén nay da c6 kha nhiéu cac cong nghé k¥ thuat thi cong vira coc dugc nghién ciru ap dung; trong
d6, viéc lya chon cong nghé ky thuat phu thusc vao mot s6 yéu té co ban sau: thanh phan cap phéi cua vira,
diéu kién dia chét, va yéu cau cy thé cia mdi bai toan. Trong pham vi cua bai bao, cac cong nghé ky thuat
thi cong vira dugc tdng hop phan tich véi trudng hop vira coc gdm hai thanh phan co ban 1a nudc (N) va xi
ming (X), véi ty 16 N/X nam trong khoang tir (0,35+0,5). Bén canh do, mot s6 nghién ctru ddi véi stc chiu
tai ciia coc micropile cho thay ngay ca khi st dung vira coc c6 cudong do chiu nén cao (I6n hon 45 MPa)
cling khong anh huong Ién dén sirc chiu tai thiét ké cua coc. Do do, trong mot sb tiéu chuan thiét ké va thi
cdng coc gia tri cudng d6 chiu nén cua vira coc thuong duoc kién nghi nam trong khoang (21+45)MPa
(FHWA, 2005; Juran va nnk., 1999). Hinh 3 trinh bay cac loai coc theo cbng nghé ky thuat bom vira khi
thi cdng coc dwong kinh nho, cu thé gdm céc loai A, B, C, va D (FHWA, 2005; Kyung va nnk., 2017).
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- Logi A: bom vita trong luc Ong bo

chin vira
- Logi B: bom vita ap luc mot e =l
dot, véi ap luc bom vita tir ZN
1,0 + 2,0MPa . 7%
- i C: 0 i aiai Phin vira Phin vira =
Loal C bmn vua hal glal ( ) )trong I::L‘(:‘I’(LI) )trong |:"&“(:‘I’1;1l‘ > Lép dia chat 1

doan, giai doan 1 bom vira

trong luc giong loai A, giai o

doan 2 bom vita 4p IuC sau  wonglee B3 onbinon B oo B 00 o (packer Jig

khi bom vita dot 1 khoang 15 Y 2 phin vin ot I e e
ap lye (dot 2) an vira ap lye

+ 20 phut; &p lyc bom vira tir L |

1,0 + 4,0 MPa. () () \q) )/

- Logi D: bom vira hai giai L Lép dia chit 2

doan, tuy nhién, viéc bom

vira ap luc dot 2 dugc thuc

hién sau khi vira dot 1 da —»| D |«

déng cung, &p luc bom vira

Logi A Loai B Loai C Loai D

dot 2 tr 2,0 + 8,0 MPa. Hinh 3. Phuong phéap bom vira coc (FHWA, 2005; Juran va nnk., 1999).

Két qua tdng hop céc cong nghé ky thuat bom vira trong qua trinh thi cdng coc dudng kinh nho cho thay,
viéc sir dung cong nghé ky thuat bom vira loai C, D cho phép vita coc dé dang xam nhap vao khéi dat xung
quanh than coc, va tao dugc duong kinh coc 16n hon. Bé c6 g6c nhin cu thé hon su anh huéng cua cong
nghé ky thuat dén hiéu qua cai thién stic chiu tai ciia coc va hé nén-coc, trong phan tiép theo bai bao thuc
hién nghién ctu téng hop phan tich mot sé anh huéng cua cong nghé ki thuat bom vira coc dén: do cing,
suc chiu tai caa coc khi chiu nén va chiu kéo.

3.2 M6 ta cong nghé ky thugt thi cbng vira coc

Cong nghé k§ thuat thi cdng vira coc duoc lya chon dé phan tich anh huéng ¢ dic diém nhu sau:

- Phuong phap 1 Bom vira mot dot, qua trinh bom vira dugc thuc hién ddng thoi trong qué trinh khoan
tao coc dén chiéu sau thiét ké; sau khi khoan va bom vita hét chiéu sau thiét ké tiép tuc
duy tri bom vira trong khoang thoi gian 15 phat (hinh 4).

- Phuong phap 2 Bom vira nhiéu giai doan; cu thé toan bo chiéu dai coc s& duoc chia thanh 3 doan ¢
chiéu dai bang nhau. Giai doan 1 tién hanh khoan két hop bom vita cho 1/3 doan coc
dau tién trong khoang thoi gian 5 phat. Giai doan 2 tiép tuc khoan va bom vita coc trong
pham vi 1/3 coc tiép theo. Giai doan 3 thyuc hién khoan va bom vita cho toan bo phan
chiéu dai con lai cua coc trong khoang thoi gian 10 phut.

- Phuong phap 3 Quy trinh cdng nghé ctia phuong phéap 3 vé co ban twong ty nhu phuong phap 2; tuy
nhién, két thic mdi doan chiéu dai 1/3 cua coc thi cong tac khoan s& dung lai va chi
thuc hién kéo dai thoi gian cong tic bom vira coc trong khoang thoi gian 5 phit; do d6,
téng thoi gian hoan thanh caa phuong phap 3 1a 25 phdt, I6n hon phuong phép 2.

Phwong phap | Phwong phap |l Phwong phap IlI

Thovi gian bom vira (phut)

Hinh 4. Chi tiét qua trinh bom vira coc cia cac phwong phdp (Bayesteh va Sabermahani, 2018)
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3.3A4nh hwéng ciia cdng nghé ki thudt bom viva coc dén dp cing ciia coc

D6 cung cua coc la mot trong nhitng Chiéu dai coc: 9.0m W Sét mra cimg W S6i san
A LA e . 4 A N 1600 Puong kinh mili khoan: 76mm

yeu t6 chinh anh huong dén sy lam viéc Thép coc:
cta coc dudng kinh nho. Hinh 5 thé hién
su anh huong cua phuong phap bom
vira va loai dat nén dén do cang cua coc.
Cu thé, do ctng cua coc co chiéu dai
9,0m, dwong kinh 16 khoan 76mm, coc
sir dung thép rong c6 duong kinh ngoai
32mm, duong kinh trong 17mm trong

1400 | - Puong kinh trong: 17mm
- Puwrong kinh ngoai: 32mm
1200 - Giéi han chay: 260 kN
- Gigi han bén: 360 kN
1000
v b v " v e
o D% . s . 800
khi stir dung phuong phap 2 va phuong I I
phdp 3 16n hon trung binh khoang 0
PP1

=)
=]
=]

nén dia. chat soi san c6 d6 ctiing 16n hon
trong nen sét nira Cu‘ng bo cung cuacoc

=
I=)
=]

DG citmg ciia coc micropile (kN/cm)

[
=]
=]

1,3+1,5 1an so vai viée sir dung phuong P

phap 1; vi du do cirng cua coc trong nén
s6i san ciia phwong phap 1, 2, 3 lan luot
la: 1000, 1400, va 1500 kN/cm.

Két qua nay phan anh rd anh huéng cua cdng nghé bom vira: khi ting thoi gian bom vira va sé lugng
céc dot bom vira doc 16 khoan tao coc thi dudng kinh cua coc tang, mic d6 bam dinh gitra vira va khéi dat
doc than coc dugc cai thién (Bayesteh va Sabermahani, 2018; Chalmovsky va Mica, 2013).

3.4 Anh hwéng ciia cong nghé ki thugdt bom viza coc dén sikc chju tdi cia coc

Phwong phap bom vira
Hinh 5. Anh huong cia cong nghé ki thudt bom vira coc dén
dé cung cua coc (Bayesteh, 2018; Chalmovsky, 2013)

Hinh 6a thé hién két qua nghién ctru thuc nghiém caa nhom tac gia (Bayesteh va Sabermahani, 2018) vé
su anh huong cua phuong phap bom vira coc dén méi quan hé tai trong — do 1Gn; cu thé, xét tai gia tri tai
trong 250 kN thi d6 IGn cua coc st dung phuong phap 1, 2, va 3 1an luot 12 13,5; 9,5; va 5,8mm. Két qua
nay phan anh viéc kéo dai thoi gian bom vita ciing nhu thyc hién bom vira thanh nhiéu dot (phuong phap
2, 3) c6 kha nang tang duong kinh cua coc, tang lugng vira xam nhap vao ting dia chit doc than coc.

Nghién ctru ciia Heo va nnk., 2021 vé ung xt  Bdng 3. Thong sé tir thi nghiém kiém tra sirc khang
khéng nhé cua coc duong kinh nho khi st dung  nhé cua coc dwong kinh nhé Heo va nnk., 2021.
phuong phap bom vita trong luc va bom vira ap luc Théng sb Phuong phap bom vira
cho thay module bién dang dan hoi cua coc ¢ trang H
théi chiu tai (Eieaing) VA 03 tai (Eunosaing) KN sit dung Trong lyc AP e
phuong phap bém vira ap lue déu 16n hon so véi | Etoaing (GPa) 67.9 87.7
phuong phép bom vira trong luc; gia tri cu thé cua Eunloading (GPa) 76.9 105.3
Eloading V@ Eunloading thé hién tai bang 3.

Hinh 6b thé hién két qua thi nghiém kiém tra strc khang nhé cua coc khi sur dung phuong phap bom vira
trong luc va bom vira &p luc cua Heo va nnk., 2021. Két qua thi nghiém cho thay strc khéang nhé cua coc
khi thi c6ng bang cong nghé bom vita &p luc cao hon so véi phuong phap bom vita trong luc truyén thong,
cu thé tai lyc kéo nhé 1600 kN thi chuyén vi caa coc ghi nhan dugc theo phuong phap bom vira trong luc

va ap lyc lan luot 12 9,0 va 12,2 mm.
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cua coc Heo va nnk., 2021
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4, Két luan

Coéng nghé thi cdng coc duang kinh nho micropile ¢6 nhidu wu diém vuot troi so véi mot s cong nghé
thi cong coc truyén thong, trong do6 c6 thé ké dén nhu khong yéu cao vé mat bang thi cong, cé thé thi cong
trong hau hét cac diéu kién dia chit; ngoai kha ning tao coc c6 suc chiu tai trong ddi cao, cdng nghé thi
cdng coc dudng kinh nho con cho phép cai thién dang ké stc chiu tai cua nén trong khu vuc thi cong coc
nho vao kha niang xam nhap cua vira coc. Céc két qua nghién ctru gan diy véi cac bai toén coc chiu nén va
coc chiu kéo (nhd) déu cho thiy viéc sir dung cong nghé k¥ thuat thi cong vira coc ¢6 anh hudng dang ké
t6i tinh chat co hoc cua coc micropiles, cu thé:

- Do cung cua coc cao hon khi ap dung cong nghé bom vira coc nhiéu dot (phwong phap 2, phuong phép
3);

- Tang thoi gian bom vita coc Vi &p luc bom cao hoan toan cd kha nang cai thién dudng kinh cua coc
cling nhu lién két gitra vira coc va khdi dat doc than coc;

- Khi &p dung phuong phép 2, phuong phap 3 thi hiéu qua cai thién sac chiju tai va @6 cang cia coc dang
ké hon néu dia ting gom céc 16p soi san;

- Trong gidi han ciia bai bao chua xem xét anh huong cu thé ciia cong nghé ki thuat bom vira dén tng
xtr co hoc cua hé-nén coc dudng kinh nho.

Loi cam on
Nhém tac gia tran trong cam on cac y kién déng gop ciia cac thanh vién trong Nhom nghién ciru manh

Dia ky thuat, vat li¢u, va phat trién bén viing thudc truong Pai hoc M6 Dia chét trong qua trinh thu thap va
tong hop so liéu.
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ABSTRACT

Effects of grouting methods on mechanical behavior of micropiles:
A classical review

Bui Van Duc”, Nguyen Van Manh
Hanoi University of Mining and Geology

Micropile technology has been widely used in many different fields, especially in repairing and
reinforcing foundations of construction works. Outcomes of recent research and practical application
indicate that the performance and mechanical behavior of micropile depend on many factors, including
grouting method. This paper summarizes and analyzes a number of research results using different grouting
technologies to better elucidate the influence of grouting work on some mechanical behavior and
performances of micropile such as load-deformation subjected to compression and tension load, stiffness
and deformation modulus of micropiles.

Keywords: micropile, ground improvement, grouting methods, load-deformation
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