Tap chi Khoa hoc Céng nghé Xay dung sé 3+4/2013

NGHIEN ClPU SU’ DUNG GIAI PHAP JET GROUTING
GIAM CHUYEN V| NGANG HO PAO

TS. Nguyén Minh Tam, ThS. Hoang Béa Linh
Trwdng Dai hoc Bach khoa TP. H& Chi Minh

Toém tat: Chuyén vi ngang vurot gidi han cho phép va lin mét dat thuong do thi cong hd dao sau 1a nhing
nguyén nhan chinh gay thiét hai cho nhiing cong trinh ké can. Vi vay, bat budc phéi gidm thiéu téi da chuyén vi
ngang cda tuong vay. Dwa trén nhing nghién ciru téng quan trén thé gidi, bai viét mé ta (g dung gidi phép
phun vi#a cao &p (jet grouting) gidm chuyén vi ngang quanh hé dao trong diéu kién dia chét Viét Nam. Dét trong
khu vure day hé dao duoc thay thé mot phén béng nhiing coc jet grouting (JGPs) nhdm téng strc khang bi dong.
Phuwong phép phén tich s6 duoc lra chon str dung dénh gia tinh hiéu qué cua jet grouting.

Abstract: Horizontal displacements exceeding the permitted limits and ground subsidence usually caused
by deep excavations construction are the main cause of damage to the adjacent buildings. Therefore, it is
imperative to minimize the horizontal displacement of the diaphragm wall. Based on the studies abroad, this
paper describes the application of jet grouting in order to reduce the horizontal displacement around
excavations in Vietnam geological conditions. The soil in the bottom of the excavation area are replaced in part
by the jet grouting piles (JGPs) to increase passive resistance. Numerical methods of analysis are used for
evaluating the effectiveness of jet grouting.

1. Téng quan

Ngay nay cung véi sy phat trién vé kinh té, nhu cau s dung phan khéng gian duéi mat dat dé xay dung
cong trinh ngay cang phd bién va blrc thiét, nhat 14 trong cac thanh phd I&n nhw thanh phd H6 Chi Minh. Cac
cong trinh xay dwng nay c6 phan két cdu ngadm sau trong dat, diéu nay da tré thanh xu thé chinh trong qua trinh
hién dai hoa cac thanh phé I&n. HS dao sau & trong thanh phé thwdng duoc tién hanh véi mat do day dac trong
khu vire dd thi. Vi vay, 1am giam sw dich chuyén twéng vay lién quan dén hd dao khi st dung nhirng bién phap
phu tro' 14 nhitng sw lwa chon kha thi. Hai giai phap thworng dwoc st dung 1a bién phap tang cwdng gidng hé
chdng va/ ho&c tang strc khang bi ddng bang cach xt ly mat dat dwéi day hd dao.

S dung giai phap chdng d& hb dao d& ddm bao sw an toan cho cong trinh 1an can trong 1&p dat yéu thi cé
thé phai dung chiéu day twéong vay én diéu dé gay nén sw tén kém vé chi phi xay dwng, hodc néu dung bién
phap bang thanh chéng ma van khéng dam bao chuyén vi cdng trinh dwoc thda méan trong diéu kién cho phép.
Vi vay, bién phap st dung két hop phun vira ap lwc cao jet grouting dwéi day hdé dao co thé giai quyét duoc
nhirng khé khan trong qua trinh thi cdng do chuyén vi gay ra.

Muc dich cGia phwong phap phun vira 4p lwc cao la dé tang strc khang bi ddong duwéi day hé dao, gitp giam
chuyén vi ngang twéng trong qua trinh dao.

Coc xi mang dat sir dung céng nghé jet grouting cai tao dat st dung trong cac hé dao ap dung & nhiéu
nwéc trén thé gidi. Tuy nhién, phwong phap phan tich va y twéng thiét ké van con danh gia cao kinh nghiém va
thiéu mot phwong phap thiét ké rd rang vao thoi diém nay. Vi vay, phan tich nhirng van dé nay thueong doi hoi
mot khdi lwong tinh toan Ién. St dung phan tlr hiru han (PTHH) phan tich va tim ra phwong phap mé phéng
hop ly cho céc truéng hop ty 1€ xt ly mat dat khac nhau.

2. Thiét lap mé hinh phan tich
2.1. Mb ta céng trinh

C6ng trinh dung dé& phan tich trong nghién ctu la Trung TAm Thwong Mai Tai Chinh Dau Khi Pha My Hung
Petroland. Cong trinh gdm c6 33 tang, trong d6 3 tAng ham va 30 tang cao, nam trong khu vwc dia chat cé muc
nwdc ngdm cao (-0.5m). Khai quét vé tdng ham nghién cru: Kich thwéc trung binh hd dao: 50m x 60m, chiéu
sau dao I&n nhat (3 tdng hdm) -14.0m, bién phap thi cdng Semi Top — Down, mat bang b tri hé giang chéng
nhw trong (Hinh 1), trinh tw thi céng dao dat va chéng d& hé dao duoc téng hop trong (Bang 1).
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Bién phap chéng d& hb dao: twdng vay day 0.8m, két hop véi thanh chéng ngang, san tang ham. Tudng
vay dwoc cam vao do sau -24.0m so véi mat dat tw nhién.

Tinh chét co ly chd yéu cua dia chat cong trinh trong khu vwa xay dwng céng trinh dwoc tdng hop trong
(Bang 2).

Hinh 1. Mé&t bdng chéng d& hé dao

Bang 1. Cac giai doan tinh toan

Phase Cong téac
01 Thi cdng twdng vay (Diaphragm wall)
02 DPao dat dén cao dd -2.5m
03 Thi cong tang chéng thép H400x400x13x21 & cao do -2.0m
04 DPao dat dén cao dd -4.50m
05 Thi c6ng san tdng ham B1 day 0.3m & cao do -3.60m
06 Dao dat dén cao dd -8.00m
07 Thi cong san tdng ham B2 day 0.3m & cao do -7.20m
08 DPao dat dén cao do -11.00m
09 Thi céng tang chéng thép 2H400x400x13x21 & cao d6 -9.50m
10 Dao dét dén cao d6 -14.0m

Bang 2. Tinh chét co ly chd yéu cua dét nén xay dung céng trinh

Céat tryc tiép | Ngoai hién trudng
. | Day Trang thai w Yw Yd k
STT Lé’p dat c 0] Sy Ngpr

(m) (%) | glem® | glem® | (cm/s) | kN/m? | Do |daN/cm?

1 | Lép1 | 15 San lap - - - - - - - -
2 | L6p2 | 125 Bunsét |1125| 1.45 | 071 |6.4E-5| 7.9 1°56 | 0.29 -
3 | Lop3 | 65 | Sétdéomém | 23.4 | 201 | 163 |1.8E-5| 16.8 | 16°35 - 21
4 | Lop4 | 27 | Catchatvira |13.39| 2.62 | 1.94 - 75 | 29°48 - 38
5 | Lép5 | 5.5 Sétcirng [19.11| 2.06 | 1.73 - 64.7 | 23%27 - 44
6

Lép6 | 27 Cat chat 154 | 2.63 1.81 - 11.8 | 31°36 - 48
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2.2. Théng sé dat nén

Theo chuwong trinh Plaxis, théng sé E™ (md hinh M-C) ciing nhw Ese™ (m6 hinh HS) sé& dworc lay trong thi

nghiém nén 3 truc thoat nwéc CD. Tuy nhién trong thwc té co rat nhiéu cong trinh lai khéng cé tién hanh thi
nghiém nay vi nhiéu ly do khac nhau. Vi vay, déi véi dat nén loai cat, chi s6 Nspr anh hudng rat I6n dén kha
nang bién dang cla nén dat nén mé dun bién dang E clia dat cé thé duoc Iy twong quan theo chi s6 Ngpr. Di
v&i loai dat sét cé thé 4y tir thi nghiém nén 3 truc UU, CU hodc tr thi nghiém cét canh hién trudng nhw sau:

o DAt cat bdi tich (cat, cat pha bui, trang thai roi dén chat) thi Efe' = 2000N,, dbi voi tuong Barrette thi
coéng semi top-down theo két qua nghién ciru ctia Liew S.S. & Gan S.J. (2007).

o DAt sét mém dén niva cirng: E, = 500S, , dat sét cirng: E, = 2000S,, (Pornpot Tanseng (1997)).
2.3. Théng sé Jet Grouting

Tuy thudc vao lweng dung xi mang va loai dat va thoi gian ninh két ma dét nén sau khi dwoc xt ly bang
cobng nghé jet grouting s& co6 sw phat trién vé cworng dé khac nhau.

Theo Tran Nguy&n Hoang Hung (2013) nghién clru coc jet grouting trong diéu kién dia chat TP.HCM, thi
dé cho trong qué trinh khoan phut khdng xay ra hién twong tat nghén voi phun thi ty 1& nwéc va xi mang hop ly
la 0.7 (w/c = 0.7). Dia chat khu virc TP.HCM, san pham soilcrete c6 dac diém nhw (Bang 3).

Hiép HGi Jet-grouting Bua Nhat Ban dwa ra théng sé lwc dinh tiéu chudn ding trong thiét ké coc Jet-
groutinglac=q, /2 va Py

Hé sb Poisson: méac du cé sw phan tan twong dbi I&n trong cac di liéu thi nghiém, hé sé Poisson clia dat
dwoc cai tao tir 0.25+0.45. (CDIT. 2000).

Bang 3. Théng s6 JGPs & dja chat TP.HCM

Dia chat | Bwong kinh coc (m) | qu(MPa)

Cat 0.8-1.0 43-14.7
Sét 04-1.2 1.7-16.0
Bun sét 11-1.7 02-22

Trén thé gidi cdng nghé jet grouting phat trién manh mé&, da co nhiéu tac gid nghién clru va dwa ra mdi
guan hé git*)a mé dun E, va cwdng dd nén qu. Dwa trén nhirng nghién ctru treéc d6. Chang-Yu Ou, Tzong-
Shiann Wu, and Hsii-Sheng Hsieh (1996) d& téng hop cac gia tri Eso/q, cho nhirng loai dat dwoc xt ly khac
nhau trong (Bang 4). D& don gian cho tinh toan, co thé gia dinh gia tri Esy/q,, .

2.4. Thong sé dat dwoc xir ly

Ap lwc dat tac dung Ién bé mat dat hdn hop bao gdbm céac khu vuc dat dwoc cai tao va khu vire dat khong
dwoc cai tao & dwdi day hé dao, cong thire (1) dung dé quy ddi tinh chét vat liéu téng thé cta hén hop mat dat
theo Chang-Yu Ou, Tzong-Shiann Wu, and Hsii-Sheng Hsieh (1996) nhw sau:

Py =PI +P(1-1) Q)
Trong do6:
P,: thong sb cua dat dwoc cai thién.
P.: thong sb dat khéng dwoc céi thién

m: tham sb twong dwong dwoc xac dinh théng qua méi quan hé véi qu va Ir nhw trong Hinh 2
2

l;: ty 1& cai tao clia dat xac dinh theo cong thive: |, = P Véi Ap =
1v¥ 2

; D: la dwong kinh cla coc

JGPs; d;,d,: 1a khoang cach gitra hai tim coc theo hai phwong.
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Bang 4. Mdt sé méi quan hé gitra gié tri E, va q,

Téac gia Loai dat Eu/qu
Wo00(1993) Bun sét bai Loan 200
Chen (1985) Bun sét Bai Loan 105 —

Lin(1992) Bun sét bBai Loan 160 -
Fang at all.(1992) Bun sét bai 200 -
JSG Association 100 —

2.5. Kiém chieng céc théng sé mé hinh

Hai mé hinh dwoc lwa chon dé danh gia sy dung dan cla cac théng sb dau vao 1a mé hinh Morh-
Coulomb (MC-Model) va mé hinh Hardening Soil (HS-Model), két qua chuyén vij twéng vay st dung hai mé
hinh so v&i két qua do dac thuc té khi dao dén day hé dao (-14m) thé hién trong (Hinh 3).

—Quan tré - FIS-Model -m-MC-Model
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Hinh 3. Biéu dé so sanh chuyén vi ngang cta twong vay khi dao téi-14,0 m

So sanh qua cac budc dao thi két qua quan tréc thuc té chuyen vi twong vay cta cong trinh voi chuyén
vi twéng vay bang phwong phap mé phong PTHH cho két qua gan glong nhau, trong d6 két qua md phdng
bang mé hinh Hardening soil cho két qua gan sat voi thuc té hon |a st dung md hinh Morh-Coulomb. Do d6,
mé hinh Hardening soil sé dwoc sir dung dé phan tich trong bai toan phan tich rng dung Jet grouting trong hb
dao gidm chuyén vi ngang cuia twéng vay.

Nhin vao dd thi chuyén vi cla tuwdng vay, thay rang két qué chuyén vi I&n nhéat cla twong vay & vi tri day
hé dao, diéu nay kha phu hop voi nhiing 1y thuyét tinh toan. Do d6, dé giai quyét van dé chuyén vi clia tuong
vay ta tap trung giai quyet chuyén vi ctia twdng & vj tri nay, phuong phap dwoc dua ra la cai tao va x ly dét
nén & ving day hd dao bang cach bom vao nhirng coc xi mang dat st dung cdng nghé jet grouting (JGPs).

3. Banh gia kiém chirng cac phwong phap mé phéng trng dung Jet Grouting

Bai toan dwoc dwa ra lam gidm chuyén vi ngang cla twéng vay 1a xt ly dat nén trong khu vuc hé dao,
nham tang strc khang bi déng trong hé dao bang cach bom vao khu vc hd dao nhitng coc xi méng dat st
dung céng nghé bom phut cao ap jet grouting hay con goi la nhitng coc JGPs. Coc JGPs mé phdng dwoc gia
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dinh cé dwong kinh D = 1m, cwong d6 nén 1 truc né héng tw do (unconfined compression test) la g, = 1 (MPa)
= 1000 (kN/m?). Va khi d6, strc khang cét clia coc JGPs la: ¢ = qu/2 = 500(kN/m?), gia tri mddun bién dang clia
I&p JGPs dwoc chon theo Dazhiwen (2005) |a E = 200q, = 200000(kN/m?). Ngoai ra theo Almer, E. C., (2001),
Bzowka (2004) thi dac tinh clha JGPs dung dé& phan tich bdng PTHH lay gia tri dung trong:
=20kN /m%y_, =22kN /m®.

Coc dwoc cam vao day hdé dao véi chidu dai gia dinh 1a 7.0m tinh tir mat day hé dao, thwc té coc JGPs
duwoc thi cong sau khi cdng tac thi cong twéng vay hoan thanh, doi cho dén khi cac coc JGPs dwoc hoan thanh
dat 6n dinh thi tién hanh dao dét 1an 1.

7/U nsat

3.1. Cdc phwong phdp mé phdng

Phuwong phap phan tich sé dwoc lwa chon sir dung danh gia tinh hiéu qua cla jet grouting c6 3 phuong
phap md phéng nhv sau:

e Phuong phap RAS (The real allocation simulation) mé phdng vat liéu riéng biét theo tinh chéat that cla
dét nén va JGPs nhw hinh (Hinh 4).

e Phwong phap EMS (Equivalent material simulation) mé phdng qui di vat liéu twong dwong, xem coc
JGPs va dat nén lam viéc nhw mét khdi duy nhat thé hién (Hinh 5).

o Ngoai ra dé xét dén tinh hiéu qua gia cb cla cac coc JGPs nham huy dong hét khd ndng lam viéc cla
tirng coc, phai xét thém céch thirc bd tri chiéu dai cac coc khac nhau. Chiéu dai cac coc chénh nhau 0.3m theo
chiéu hwéng giam dan tir phia ngoai twéng vay vao trong tam hd dao nhw & (Hinh 6).
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Hinh 5. M6 phéng JGPs gia cuong hé dao theo PP EMS

0000}, __om)

rrrrrr

=

-24.000=
=== L

Chiéu dai thay déi: 0.3m
Hinh 6. Bé tri mé phdng hé dao xét dén suw thay doi chiéu dai coc JGPs

3.2. Phan tich dnh hwéng cua ty Ié x&r ly mat dat I, dén chuyén vi twong vay
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Kh&o sat v&i cac ty 1& x&r ly mét dat cha
quéa chuyén vj twong vay theo tivng phwong p
qua nay dwgc trinh bay trén Hinh 7 — 9.

day hé dao I, = 5%, 10%, 15%, 20%, 25%, anh hudng dén két
hap mé phéng khi dao dat dén cao do day hé dao (-14.0m). Két
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Hinh 7. Két qua chuyén vj tuong vay mé phéng theo PP RAS
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Hinh 8. Két qua chuyén vj tuong vay mé phéng theo PP RAS c¢6 xét s thay déi chiéu dai coc JGPs
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Hinh 9. Két qua chuyén vj tuwong vdy mé phéng theo PP EMS

Két qua cta nhitng phuong phap mé

phong, gidi phap khoan phut vira cao ap (Jet Grouting) la méot

phwong phap hiéu qué trong viéc ngan chdn chuyén vi ngang cta hd dao, nhét 1a trong nhitng trwéng hop

chuyén vi tlr day hb dao tré xubng Ién.

Khéo sat v&i 5 trudng hop dat nén dwéi day hd dao dwoc xir ly bang cac coc JGPs theo cac ty & cai
thién mé&t dat khac nhau 1a: I, = 5%, 10%, 15%, 20%, 25%, chuyén vi twérng vay gidm rd rét & vi tri gan day hé
dao, trong trwng hop nay |, = 15% la gia tri cai tao hop ly nhét, vi tri chuyén vi twéng vay véi |, = 5%, 10% méc

du gidm nhiéu nhwng chuyén vi & day hé dao

van I&n nhét, trong khi gia tri I, = 20%, 25% chuyén vi dinh twéng

vay Ién hon day hé dao, nhw vay sé dan tdi lang phi.
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Vi tri chuyén vi ctia twéng I&n nhét trong qua trinh thi cdng khi chwa c6 gia ¢b nén hé dao bang coc JGPs
tai cao d6 -12m |& 82mm, trong khi chuyén vj ciing tai cao d6 -12m khi c6 gia cb bang coc JGPs theo cac ty 1& I,
= 5%, 10%, 15%, 20%, 25% lan lwot la: 72mm, 66mm, 61mm, 56mm, 51mm. Nhw vay, chuyén vi twong tng tai
vi tri gan day hé dao giam xuéng 1an luot 1a: 14%, 24%, 34%, 46%, 60%.

Dwa trén két qua tdng thé chuyén vi tudng vay (rng vé&i tirng phwong phap mé phéng, rat ra két qué so
séanh cho ting trwéng hop |, cu thé tir (Hinh 10) téi (Hinh 14) nhw sau:
—EMS-Ir=5%

—-RAS -Ir=5%

-aRAS - Ir = 5% c6 xét thay di chidu dai coc JGPs
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Hinh 10. Két qua chuyén vi twong vay véi ty 1é céi tao mét dat 5% (I, =5%)
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Hinh 11. Két qua chuyén vij twong vay véi ty 1é cai tao mét dat 10% (1, =10%)
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Hinh 12. Két qud chuyén vij twong vay véi ty 1é cai tao mét dat 15% (1,=15%)
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Hinh 13. Két qud chuyén vij twong vay véi ty 1é cai tao mét dat 20% (1,=20%)
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Hinh 14. Két qud chuyén vij twong vay véi ty 1é cai tao mét dat 25% (1,=25%)

Qua viéc md phdng bang hai phwong phap la phwong phap vat liéu riéng biét (RAS) va phwong phap vat
liéu quy déi twong dwong (EMS) xem coc JGPs va dat nén lam viéc nhw mét khdi ddng nhét, cho két qua la
gan twong dwong nhau sai léch nhd hon 5%. Diéu nay chirng té rang quan niém coc va dat lam viéc nhw mot

khéi dong nhét 1a hop ly.

Bé tri coc JGPs co xét dén thay déi chiéu dai coc theo chiéu hwéng gidm chiéu dai tlr phia ngoai twéorng vao
trong tam hé dao cho két qua sai 1éch nhd so véi khi khéng co6 xét thay dbi chiéu dai coc. Chirng té réng, nhirng
coc & phia gan twdng dwoc huy dong cwdng dd Ién hon so véi nhitng coc gan tam hd dao. Trong khi mo
phdng I&p twong dwong thi cwéng d6 huy ddng cla tat ca nhirng coc duwgc xem la nhw nhau, dan téi cé sy sai

sb gitra phwong phap RAS va phwong phap EMS.

Lan mé&t d4t xung quanh hd dao ciing dwoc cai thién rd rét (Hinh 15), diéu nay hét sirc can thiét cho sw

an toan ctia nhirng cong trinh ké can.

Khoing cich dén mép hé dao (m)
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Hinh 15. Lan mé&t dét xung quanh hé dao

4. Két luan
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Tbng quéat chung vé ndi dung nghién clru, danh gia viéc rng dung phun céc coc jet grouting (JGPs) dé xo
ly d4t duwoi day hé dao nham lam gidm chuyén vi ngang twéng vay, qua nhirng phan tich nghién ctru da cho
nhirng két luan sau:

e Phan tich md hinh bang PTHH so v&i két qua do dac thwe thi cho két qué gan gibng nhau, trong d6 két
qué mdé phdng bang mé hinh Hardening soil cho két qua gan sat véi thwe té hon 1a s dung md hinh Morh-
Coulomb. Nhin vao db thi chuyén vi ctia twéng vay, thay rang két qua chuyén vi Ién nhat ctia twéng vay & vi tri
day hé dao, diéu nay kha phu hop véi nhivng ly thuyét tinh toan.

e Khao sat v&i 5 trudng hop dat nén dwdi day hé dao duoc xtr ly bang cac coc JGPs theo céac ty 1 cai
thién mé&t dat khac nhau 1a: 1, = 5%, 10%, 15%, 20%, 25%, chuyén vi twéng vay gidm rd rét & vi tri gan day hd
dao va anh hwéng lun dén cong trinh 1an can ciing gidm, trong trwérng hop nay |, = 15% la gia tri cai tao hop ly
nhét.

e Vi tri chuyén vj cla twdng I&n nhét trong qua trinh thi céng khi chwa cé gia ¢ nén hé dao bang coc
JGPs tai cao do -12m |& 82mm, trong khi chuyén vi ciing tai cao d6 -12m khi c6 gia c¢b bang coc JGPs theo
cac ty 18 1, = 5%, 10%, 15%, 20%, 25% lan lwot 1a: 66mm, 61mm, 57mm, 52mm. Nhw vay, chuyén vi twong (rng
tai vi tri gan day hé dao giam xudng lan lwot 1&:; 14%, 24%, 34%, 46%, 60%.

e M6 phdng bang hai phwong phap 1a phuong phap vat liéu rieng biét (RAS) va phwong phép vat liéu
quy déi twong duong (EMS) xem coc JGPs va dat nén lam viéc nhw mot khéi ddng nhét, cho két qua la gan
twong dwong. Diéu nay chirng té rang quan niém coc va dat lam viéc nhw moét khdi dong nhét 1a hop ly. Nhe
vay, gilp cho qua trinh mé phéng dwoc dé dang va nhanh chéng, gidam bét khdi lwong coéng viéc tinh toan.

e Cach thirc bd tri coc JGPs cling c6 &nh huwéng dén két qua chuyén vi tudng vay. Nhirng coc & phia
gan twong duoc huy dong cwdng do Ién hon so véi nhirng coc gan tam hé dao, Trong khi méd phdng 16p twong
dwong thi cwéng dd huy dong cla tat ca nhivng coc dwoc xem |1a nhw nhau, dan téi co sy sai sb gitra phwong
phap RAS va phuwong phap EMS.
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