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THIET KE CAP PHOI HON HQP SILICA-SOL - XI MANG DE XU LY
KHAN CAP SU'CO THAM NEN CAT CONG TRINH THUY LQI

Nguyén Vin Chinh, Nguyén Quang Binh,
Nguyén Thanh Tuén, Nguyén Thi Mai Phwong
Vién Thuy Cong — Vién Khoa hoc Thuy loi Viét Nam

Tém tat: Trong bai bdo nay, tac gia da thiét ké thanh phan cdp phéi Silica-Sol — Xi mang dé vao
Cdt vang dé nghién ciru kha nang chéng tham khdn cdp va diéu kién lam viée lau dai cia mang
chong tham nén cat cong trinh thiy loi. Két qua thi nghiém trong phong cho thdy khi ty 1é Silicate-
Xi mang (S/C) dat 40% - 60%, 1y 1é nuéc - Xi mang (W/C) ldy trong khodng 50% - 70%, ty 1é hén
hop Silica-Sol- Xi mdang (S-S-C) so véi Cadt khuyén cdo ding trong khodng 30% - 50% sé dam bdo
vé diéu kién thi céng va hiéu qua chong tham khan cdp khi ding gidi phap KPHC. Két qua nghién
cibu ciia bai bdo sé gép phan quan trong cing cé co sé Iy ludn cho gidi phdap KPHC dé trién khai
dp dung rong rai trong thoi gian toi.

Tur khoa: Chéng tham khin cdp, Khoan phut héa chdt, Cap phéi Silica-Sol — Xi mang, Chéng
tham cong trinh thiy loi.

Summary: In this paper, the author designed the Silica-Sol - Cement mixed with construction
sand to study the emergency waterproofing ability and long-term working conditions of the sand-
based waterproofing membrane for irrigation works. The laboratory experiment results show that
when the ratio of Silicate-cement (S/C) reaches 40% to 60%, the ratio of water-cement (W/C) is
taken in the range of 50% to 70%, and the mixture of silica-sol-Cement (S-S-C) and sand which is
recommended to use in the range of 30% - 50% to ensure construction conditions and emergency
waterproofing by chemical grouting solutions. The research results of this paper will make an
important contribution to strengthening the theoretical basis for the widespread application of
chemical grouting solutions.

Keyword: Emergency waterproof, Chemical grouting, Silica-sol - Cement mixture,
Waterproofing of irrigation works.

1. PAT VAN DE phuong phap KPXM la tac dung ngan can dong
Khoan phut héa chit (KPHC) 1a hoat dong bom tham trong dat, da, khong chi gidi han ¢ cac
dung dich hoa chat vio mot 16p dat, da dé cai dong tham cd luu luong nho ma ca véi cac dong
tao cac dic tinh co 1y ctia n6. Dung dich hoa tham, dong chay co luu {ugng lon Do can mot
chit & day duoc dinh nghia 1a chét long thudn  thoi gian twong doi dai dé ninh ket, vira xi mang
nhét khong chira cac thanh phin hat lo ling, ©0 nguy co bi rua troi néu dong tham ¢6 luu
Ciic ming tng dung chinh cia KPHC bao gom:  11ong 1on. Khi do, v6i kha nang didu tiét thoi
(1) Ngan, bit dong thém, dong chay trong nén  9ian keo héa nhanh hodc cham, cong nghé
cong trinh; (2) Tang sirc chiu tai cua dat, da; (3) KPHC la gidi phap uu vict hon han cac cong
Stra chita cac khuyét tat cong trinh. Mot wu 1gh¢ KPXM. Tuy nhién gid thanh KPHC tuong

didm 16n cua phuong phap KPHC so véi cac 401 cao so v6i véi KPXM, vi vay voi nhing
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cong trinh c¢6 khéi lwong khoan phut 16n, can
can nhic pham vi ap dung cia timg phuong
phép dé ning cao hiéu qua xur Iy ca vé mit k§
thuat 14n kinh té [1]-[9].

US Army Corps of Engineers (1995) [5], thi
nghiém KPHC dau tién dugc ghi nhan do médt
k¥ su chau Auténlal eziorsky thuc hién ndm
1886, hoa chét chinh duoc sir dung 13 thay
tinh l1éng (TTL). Tuy nhién, dén nim 1925,
KPHC méi dugc quy trinh hoéa nho cong ctua
H. J. Joosten [10], mot k¥ su Ha Lan, Joosten
da bom TTL vao mot hd khoan va bom canxi
clorua véi ap luc cao vao hd bén canh dé hai
hoa chat tron 14n trong dat va tao keo. K& tir
thi nghiém so khai cta Joosten dén tan ngay
nay, TTL van duoc coi la vat liéu chu dao ciia
KPHC.

O Viét Nam, cac phuong phap khoan phut
truyén thong nhu khoan phut thuan éap
(Pressure grouting), khoan phut ép dat
(Compact grouting), khoan phut tham thau
(Permiable grouting), khoan phut kiéu tia -
tao coc dat xi ming (Jet grouting) da duoc ap
dung trién khai rong rai va thu dugc nhiéu
hiéu qua trong chdng tham — xir 1y gia cd nén
cong trinh [4]. Tuy nhién, ding trudc yéu
ciu va thach thac trong viéc xu 1y chong
tham khan cép cong trinh thuy loi, dic biét
dbi v6i nén cat co hé sd thim 16n va dong
tham ap luc cao thi cdc cong nghé truyén
théng chua dap ung dugc boi sy bi rira troi
vat liéu ngay khi dugc bom phut xuéng nén.
Vé6i vu thé & kha niang khong ché thoi gian
doéng ran tir vai phut cho toi vai gio, dong
thoi tinh bén viing theo thoi gian thi cong
nghé¢ KPHC can duoc trién khai ap dung tai
Viét Nam trong thoi gian téi. Tuy nhién, ¢
Viét Nam chua c6 nghién ciru cu thé nao vé
cong nghé KPHC trong chong tham khan cap
su ¢ thAm cua cong trinh thuy loi, dac bi¢t
dbi v6i nén cat, vi vay can co cac nghién ctru
chuyén sau vé vin dé nay dé xay dung co so
khoa hoc va luan ching cho cong nghé

KPHC.

Trong bai bao nay, co sé khoa hoc cta vira c6
ngudn gbe Silicate trong linh vuc xir 1y chdng
thAm gia cd nén s& dugc gidi thiéu. Tac gia
nghién ctru cdp phéi thanh phan hdn hop
Silica-Sol — Xi mang duoc d6 vao Cat dap tmg
yéu cau chdng tham khan cép va diéu kién lam
viéc lau dai cia mang chong thdm cho cong
trinh thuy loi. Cip phdi ctia hdn hop s& phu
thudc vao cac tham sb chinh nhu: ndng do
Axit tham gia phan Gng tao ra Silica-Sol,
nong d6 TTL, ty trong Silica-Sol so v&i Xi
ming, ham lugng nude sir dung va ty 1¢ hon
hop Silica-Sol — Xi mang dugc bom vao trong
cat.

2. CO SO KHOA HOQC CUA VUA CO
NGUON GOC SILICATE

Trong linh vyc xir Iy chdng tham gia cb dat,
nén, khi néi dén TTL tirc 1a n6i dén dung dich
Natri silicat (Na2O nSiO2). Dung dich TTL ¢6
ty trong 1.4 +1.42 g/cm?, c6 @6 pH 1a 8-12 nén
dung dich c6 tinh kiém va tan trong nudc.
Kich thudc cia cac hat 16n nhat chi khoang
500 nm. Silica-sol 1a dung dich chtra cac hat
Colloidal silica c6 mat d¢ tap trung nhung
kich thudc cua cac hat van giit trong mirc gidi
han. Thong thuong Silica c6 mat d§ chung
40% va kich thudc cac hat chung 20 nm.
Chung 6n dinh trong dung dich chira nudc
nho ¢6 cac cation Na20. Viéce tao ra Silica-sol
bang cach tron Sodium Silicate v6i nude va
v6i mot Axit. Khi d6 dung dich s& bat dau qua
trinh trao d6i ion va tinh kiém trong dung dich
s& giam xu6ng nhanh chong. O trang thai nay,
cic phan tr Axit s& tom bit cdc nanomer ion
silicate. Chung sé& tiép tuc lién két, bién dbi
(két ndi cac hat lai véi nhau) dé tao ra dung
dich Silica-sol khi d§ pH, nhi¢t d6 va ap suat
thay d6i. C6 thé diéu khién qua trinh polyme
hoa ciia chung dé tao ra san pham Silica-sol
theo yéu cdu sir dung nhu Hinh 1 duéi day.
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Hinh 1: Qua trinh Polyme hda dé thanh Silica-
Sol

Véi viée cho thém Axit hodc mudi, cac hat
huyén phu s& két ndi tao thanh Gel (A). Con
trong moi truong alkali (kiém), cac hat s& két
ndi va tao ra cac hat to hon nhung khong tao
Gel duoc (B) [11].

LGN CONG NGHE |
Mbt phan tir monomer SiO4 bt dau tién vé phia
cac phan tr khac tao ra hat kép (dimer) tirc 1a
monomer c6 2 phan tir gidng nhau. Qua trinh
két hop tiép dién sau d6 tao ra chudi lién két va
hinh thanh cac hat. Sau khi hinh thanh cac hat,
¢6 2 kha ning tao ra san phAm m&i khac nhau.

Khi mat d¢ cac hat monomer cao, truong hop
pH nho hon 7 hoac truong hop pH =7 = 10
nhung khong c6 mudi (hodc Axit) thi cac hat
két ndi va to ra vé kich thudc (B).

Con néu trong moi trudng c¢6 mudi (hoic Axit)
va pH = 7+ 10 thi céc hat sé khong hinh thanh
duogc va tao Gel (A). Qua trinh (A) 1a qua trinh
ma ching ta tao ra vat liéu phut nhu mong
mudn, tac 1a chung ta phai thém mubi (hoic
Axit) vao dung dich. Nhung mudn san pham c6
d6 bén bé mit cao thi cac hat tao Gel phai nho
va nguoc lai.

Phéan tng cua TTL v6i Axit Sunfuric:

Na,0,Si0, + H,SO, + mH,0 =nSiO,.(m-1) H,0+ Na,SO, 1)

Axit silisic ban dau duoc tao ra dudi dang céc
hat Gel Si02.2nH20

Qué trinh ngung tu: Khi ndng do cac hat Gel
tang 1€n thi tur trang thai sol, dung dich Gel s€
chuyén sang trang thai Gel.

Trong d6: m — sb phén tir nude
n- modun silicat

Dung dich natri silicat c6 thanh phan la
Na20.nSiO; trong d6 n 1a modun silicat.
_ SiO,
Na,O 2)

Khi tron dung dich Natri silicate voi dung
dich Axit hodc dung dich mudi vo co thi
dugc goi 1a Silica-sol. Khi phut dung dich
Silica-sol vao dat da nén, qua trinh tao keo
s& day nudc ra khoi cac hat dat va lam ting
tinh chdng tham cho dat va cung hoa. Vat
liéu phut nay s& lam ting tinh dinh cua dat

da, 1am giam hé s6 thadm va lam dat d4 cing
hon, thoi gian Gel héa co thé diéu chinh
duoc.

Thot gian Gel (thoi gian dong lai) 1a khoang
thoi gian giita dau pha tron cta cac thanh phan
dén thoi gian hinh thanh Gel. Trong linh vuc
khoan phut vita hoa hoc, kiém soat thoi gian tao
Gel c6 tam quan trong: n6 anh hudng dén kha
nang bom phut hay st dung vira vao cac muc
dich khac nhau. C6 thé néi thoi gian Gel 1a mot
tinh ndng ddc biét cua vira hda hoc, tuy theo
muc dich cu thé ma cong dung cua noé chinh la
kich hoat hodc trc ché vira. Cac chét khac nhau,
s& khién cho tdc do phan ting xay ra khac nhau.
Tuy theo ting yéu cau cy thé ma c6 thé sir dung
cac chit phan tng khac nhau dé tao thanh vira
hoéa hoc.

Dua vio cac co s& 1y ludn ké trén, viée thiét
ké cap phoi hon hop vat liéu KPHC 1a can
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thiét ¢é dam bao cac yéu ciu vé tinh cong
tac trong thi cong, thoi gian Gel nhanh
chéng va dam bao kha ning gia c6 nén cong
trinh.

3. THIET KE THANH PHAN HON HQP
SILICA-SOL + XI MANG PO VAO CAT

LAM VAT LIEU CHONG THAM
3.1. Vat li¢u thi nghiém
a. Dung dich Silicate

Két qua thi nghiém céc chi tiéu cua dung dich
Natri Silicate nhu bang sau:

Bang 1: Két qua thi nghiém cac chi tiéu ctia dung dich Natri Silicate

TT Tén chi tiéu PVT Két qui Phuong phap
thi nghiém
1 | DopH 12,1 TCVN 8826:2011
2 | Khéi lugng riéng glcm?® 1,41 TCVN 8826:2011
3 | Bd nhot gidy 88 ASTM D6910
3 | Ham lugng SiO» % 28,05 TCVN 9911:2013
4 Ham lugng Na,O % 5,32 ICP-MS

b. Xi mang Poocling

Trong pham vi cia nghién clru nay, xi mang
PCB40 But Son do nha may xi mang But Son
san xuat dugc sir dung. Két qua dugc trinh bay

tai Bang 2. Can ctr vao TCVN 2682:2009 “Xi
ming Pooc ling — Yéu cau k¥ thuat” va TCVN
6260:2009 “Xi mang Pooc lang hon hop — Yéu
cau k¥ thuat”.

Bang 2: Két qua thi nghiém cac chi tiéu ciia xi ming

TT Tén chi tiéu Pon vi Ket ql.l::‘ thi Yéu ciu
nghiém
1 |bo nghién min:
Phan con lgi trén sang 0,09mm % 2.1 <10
Bé mat riéng (P.P Blaine) cm?/g 3210 >2800
2 | Thoi gian dong két
Bit dau Phat 110 > 45
Két thiic Phat 180 <420
3 | Gidi han bén nén
3 ngay N/mm? 21.4 >18
28 ngay N/mm? 445 > 40
4 | B6 6n dinh thé tich mm 0.75 10
5 | Do déo tiéu chuan % 27.0
6 | Ham lugng SO3 % 1,92 <35
7 | Khi luong riéng g/cm?® 3.00
c. Catvang truge khi tron hdn hop vita duoc 1y mau thi

Str dung loai cat Song Hong (cat vang). Cat

nghiém theo TCVN 7572:2006. Két qua thi
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Bang 3: Két qua thi nghiém cac chi tiéu ciia cat tw nhién

STT Chi ti¢u Pon vi Két qua thi nghiém

1 | Khéi lugng riéng glcm® 2,67

2 | Khoi luong thé tich xdp kg/m?® 1417

3 Khéi luong & trang thai bio hoa kiét nudc kg/m?® 1672

4 | Khéi lwong thé tich chat kg/m?® 1559

5 | Ham luong bui bun sét ban % 0,3

6 | M6 dun d6 16n 2,61

7 Ham lugng mica % 0,3

8 Ham luong hitu co mau chuan Sang hon
9 Do rong n % 47

10 | Hé s6 thim cm/s 45x10°

3.2.Thiét ké thanh phan cip phoi Silica-Sol
a. Lwa chon nong d¢ Axit tham gia phén ting

bé ¢o thé quan sat dugc ngudong Gel tu mot
cach don gian, chinh xac, cic chat tham gia
phan tng phai c6 nhiing thong s6 nhat dinh.
Yéu cau dit ra: Thoi gian Gel tu phai di dam
bao dé quan sat, lugng hoa chit s dung phai
dam bao tinh tiét kiém. Dé giai quyét yéu cau
trén ching t6i tién hanh nhu sau:

Chang t6i tién hanh thi nghiém 09 t6 hop
Silica-Sol v&i ndng do axit HoSO4 c6 cac gia
tri sau: 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 22.5% va 25% phan ung vé1i TTL co ty
trong 1.20 (g/cm®), thé tich ctia mdi dung
dich 1a 100ml. Thoi gian Gel dugc tinh tir
thoi diém tron dung dich vao vdi nhau va két
thuc khi Gel ty. Két qua duoc trinh bay &
Bang 4.

Bang 4: Thoi gian Gel ciia céc to hop hdn hop c6 ndng dd Axit Sunfuric khac nhau

STT Thé tich TTL | Thé tich Axit | Thé tich nuéc Nang_ do Thoi gian gel

(ml) H2S04 70% (ml) sach (ml) Axit (giay)

1 100 7.143 92.857 5.0% 604,800

2 100 10.714 89.286 7.5% 241,920

3 100 14.286 85.714 10.0% 3,600

4 100 17.857 82.143 12.5% 1,440

5 100 21.429 78.571 15.0% 288

6 100 25.000 75.000 17.5% 50.0

7 100 28.571 71.429 20.0% 30.0

8 100 32.143 67.857 22.5% 20.0

9 100 35.714 64.286 25.0% 10.0
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Thong qua dit liéu phan tich & Bang 4, mdi quan
hé gitra nong d6 Axit Sunfuric va thoi gian Gel

1,000,000 & A —emee-H2804 (%)
100,000 |
10,000 |

1,000 +

Thai gian Gel hoa (s)

100

0 5 10 15 20 25 30
T\'f)ng 46 Acid Sunfuric (%)

Hinh 2: Biéu dé quan hé giita thoi gian tao
Gel va H2S04 c6 nong dé % khdc nhau

b. Lwa chon ty trong dung dich TTL

Tién hanh thi nghiém véi axit HoSO4 lam chat
phéan Ung, néng do lua chon 1a 20% phan ung
v6oi TTL ¢6 ty trong 1,12; 1,18; 1,20; 1,24; 1,30
(g/cm®), thé tich ctia mdi dung dich 1a 100ml.
Thoi gian Gel duoc tinh tir thoi diém tron dung
dich vao v&i nhau va két thuc khi dong ran. Két
qua dugc trinh bay ¢ Hinh 3.

100,000 Iy

10,000

1,000 A

100

Thai gian Gel hoa (s)

10 A

1

1.1 115 12 1.25 1.3 1.35

Ty trong dung dich (g/cm?®)

Hinh 3: Quan hé gitia thoi gian tao Gel trong
phan ung gitta H-SO4voi TTL 0 ty trong khac

nhau

Ca(OH), + Na,0-nSiO, + mH,0 — Ca-nSiO, - mH,0 + 2NaOH

Ban than sy dong tu va dong cling cua xi mang
chu yéu la do sy két tia cua cac chat keo sén s¢t
tir qua trinh thuy hda xi méang, va canxi hydroxit

héa ciia hon hop Silica-Sol dugc miéu ta tai
Hinh 2.

Ttr cac két qua thu duoc, dé dam bao cac yéu
cdu dit ra ching t6i quyét dinh chon axit
H,SO4 1am chét phan tng, néng d6 lua chon
1a 20% va thi nghiém véi TTL c¢6 ty trong 1a
1.2 (g/cm3).

3.3. Thiét ké thanh phan cip phéi Silica-Sol
— Xi miing Pooc-ling két hop véi Cat

Khoan phut Silica-Sol c¢6 thé bit nudc tam
thoi, nhung dé tao thanh két cdu chdng tham
lau dai, vinh ciru thi can phai b6 sung chat két
dinh nhu xi mang Pooclang. Xi mang
Poocling dugc xem 1a mot chat thay luc véi
do két dinh dic biét. Nhung can nghién ctu
lam rd ung xu cua vira xi mang khi tron voi
Silica-sol nhu thé nao; va céc chi tiéu co 1y
ctia hdn hop vira Silica-sol + Xi ming c6 bén
theo thoi gian hay khong.

Viéc thiét ké cap phdi hdn hop khoan phut
nhdm xac dinh ty 1& giita cac vat liéu cdu
thanh (xi ming, hdn hop dung dich Silica-Sol)
tir 6 thanh 1ap mot cap phdi hop 1y, ma theo
do6 khi thi cong dat dugce céc chi tieu k¥ thuat
cua vat liéu khoan phut, déng thoi dam bao
hiéu qua kinh té.

Phéan ing héa hoc gitra xi mang va thay tinh
la:

©)

dugc tao ra trong qua trinh thuy hoda tricalcium
silicate.
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3Ca.-Si0, +nH,0 = 2Ca- Si0, -(n 1) H,0+Ca(OH), 4)

Ké tir khi canxi hydroxit duoc hinh thanh dan
dan, phan tng giita canxi hydroxit va nudc thuy
tinh lién tuc dugc thuc hién do su hinh thanh
vira canxi hydroxit. Phan ung gitra thuy tinh va
canxi hidroxit dién ra nhanh hon. Khi phan tng
dién ra ngiy cang nhiéu chit keo duoc tao
thanh, d6 bén ciing ngay cang cao.

a. Ty trong Xi mang Pooc-lang va Nuwoc TTL

Hiéu suat ctia vira Silica-Sol — Xi mang phu thudc
vao ty 1€ nudc-xi mang, moé dun nudc thiy tinh
va nong do cla vita xi mang, va ty 1& thiy tinh
nudc v6i xi mang. Theo mdi quan hé gitta ham
lugng thuy tinh nudc trong vira va thoi gian dong
két, khi lwong thuy tinh thém vao thuong nim
trong khoang tir 25% dén 60% thé tich cua vita
Silica-Sol — Xi mang, thoi gian dong két ngn va
on dinh. D& nghién ciru anh hudng ciia cac ham
luong xi mang - nude thiy tinh khac nhau dén
thoi gian dong két va cac tinh chét cua hdn hop
vita. Ty 1& S/C duoc lya chon nghién ctru 1an luot
2:01:1;02:1;0,3:1;04:1;05: 1 (twong
ung vai ty 1€ 10%, 20%, 30%, 40% va 50% so vdi
khéi lwong xi mang.

b. Ty trong Nwdc va Xi mang

Luong nude trong vita kiém soat nhiéu dic tinh
tuoi va cing cla vira bao gém kha ning lam
viéc, cuong do nén, tinh tham va kin nuéc, do
bén va thoi tiét, co ngot kho va kha nang nut.
Vi nhiing 1y do nay, viéc han ché va kiém soat
luong nude trong vira 13 quan trong dbi véi ca
kha nang thi cong va tudi tho ctia cong trinh. Ty
1¢ giita lwong nude (trir di lugng nude duge hap
thy boi cbt liéu) véi lugng xi ming theo trong

lugng trong vira duoc goi 1a ty 1€ nudc-xi mang
va thudng duoc goi 1a ty 16 W/C. D& nghién ctru
anh huong cua ty 1¢ W/C t61 cuong do khang
nén va hé sb cua cac mau vita Silica-sol — Xi
mang, trong nghién ciru nay, cac ty I¢ W/C
duoc thiét14p 14 0.4:1,0.5:1,0.7: 1,1.0: 1; 1.2:
1. Tir d6 c¢6 co s& lya chon cép phdi phu hop
nhét cho céc thi nghiém tiép theo, ciing nhu co
co s dua vao san xut thuc té.

c. Thiét ké thanh phén cip phéi Silica-Sol —
Xi ming Pooc-ling do vio Cat

Trong muc nay, tdc gid s€ nghién cuu thuc
nghiém trong phong tinh chat 6n dinh va kha
ning chong thim cua hdn hop Xilica-Sol — Xi
mang khi két hop véi cat. Ty 1é Xilica-Sol — Xi
mang su dung so voi Cat duge chua chon lan
luot 1a 30%, 50% va 70%.

4. KET QUA VA THAO LUAN
4.1. Phwong phap thi nghiém

Céac mau thi nghiém sau khi ché bj dugc dudng
ho trong diéu kién tiéu chuén trude khi thao van
khuon, tiép tuc dudng ho cho dén tudi ngay thi
nghiém. O nghién ctru ndy, cac mau duoc thi
nghiém céc chi tiéu vé thoi gian keo hoa dugc
xéac dinh theo phuong phap cua Stavland, thi
nghiém x4c dinh cuong d¢ khang nén ap dung
theo TCVN 3121:11 — 2003, xac dinh hé sb
thdm cta hdn hop dugc thyc hién theo TCVN
8219-2009.

4.2. Két qua nghién ciru thiét ké thanh phan
cap phéi Silica-Sol-Xi ming

a. Ty I¢ Silica-sol — Xi mdng

Bang 5: Bang tong hop két qua thi nghiém cho miu vira Silica-sol — Xi méing sir dung
ham lwong S/C khac nhau (W/C = 0.5 :1, sir dung PCB40) — C4p phdi cho 1m3 vira
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Thoi
Ty Xi ) DD ian | Cudng dd khan Hé s6 thAim
ley mang Nude axit Tk gI]<eo nen Iin .(M Pa)g (K )210-5 cm/s)

SIC tu

kg kg kg kg giay | R3 R7 | R28 | R3 R7 | R28
10% | 1020.23 | 561.80 | 33.08 | 102.02 | 360 | 4.23 | 5.38 | 6.21 | 0.85 | 0.57 | 0.46
20% | 891.25 | 535.93 | 57.79 | 178.25| 305 | 456 | 6.17 | 6.59 | 0.72 | 0.45 | 0.37
30% | 791.23 |515.86 | 76.96 | 237.37 | 225 | 5.64 | 7.17 | 8.28 | 0.69 | 0.35 | 0.28
40% | 711.39 | 499.84 | 92.26 | 28455 | 15 | 7.04 | 8.96 | 10.35| 0.38 | 0.14 | 0.09
50% | 646.18 | 486.77 | 104.75|323.09| 9 | 652 | 882 | 9.41 | 055 | 0.17 | 0.12

Thoi gian keo hoa clia cAc mau thi nghiém gidm
dan khi taing ham luong TTL so véi xi mang.
Viéc quyét dinh st dung ham luwong ciia TTL
phu thudc vao yéu cau diéu chinh thoi gian keo
hoa thiét ké cua vat liéu bom phut. C6 thé thay
rang thoi gian keo ctia hdn hop Silica-sol - Xi
ming thay doi tir 9 dén 360 s. Khi ty 1 nudc-Xi
ming khong d6i (W/C = 0.5:1), cling vdi su
tang cua ty 18 khéi luong nudc thiy tinh-Xi
ming (S/C), thoi gian keo cua hon hop giam
dan. Mtrc giam manh nhét tai ngudng S/C 16n
hon 0.4.

Tur két qua tai Bang 5 cho thiy cuong do nén
tang manh va h¢ s6 tham giam manh khi ty 1€

S/C 16n hon 0.4. Cac nghién ctru D. B. Wu [2]
va cong su da chi rang, ham luong S/C t6i wu
nhat nam trong khoang 40 — 60%. Dé dam bao
cac yéu cAu ky thuat, diéu kién thi cong va hiéu
qua kinh té, ty 18 S/C = 40% dugc chon cho cic
nghién ctru tiép theo cua dé tai nay.

b. Ty I¢ Nwoc - Xi mang

Tién hanh thi nghiém kiém tra thoi gian dong
két keo hoa, cuong do nén va hé s6 thAm cua
mAau sau ché bi va bao dudng trong diéu kién
phong thi nghiém. Két qua thi nghiém duoc thé
hién trong Bang 6 duéi diy cho mau vira st
dung xi mang PCB40 c6 xét to1 anh hudng cua
ham lugng W/C.

Bang 6: Bang tong hop két qua thi nghi¢ém cho miu vira Silica-sol -
Xi mang sir dung ham lwgng W/C khac nhau (S/C = 0.4, sir dung PCB40)

Thei
Xi DD gian Cuwé&ng do nén Hé sé tham
Ty lé Nuwéc ) TTL
mang axit keo (MPa) (K x10> cm/s)
W/C .
hoéa
kg kg kg kg giay | R3 R7 R28 R3 R7 R28
40% | 765.87 | 461.54 | 99.32 | 306.35 8 8.65|10.08 | 11.79 | 0.30 | 0.12 | 0.07
50% | 711.39 | 499.84 | 92.26 | 284.55 15 7.04 | 896 | 10.35| 038 | 0.14 | 0.09
70% | 622.78 | 562.14 | 80.77 | 24911 | 540 |6.05| 815 | 1016 | 048 | 0.18 | 0.09
100% | 524.74 | 631.07 | 68.05 | 209.90 | 1200 | 4.72 | 638 | 699 | 060 | 0.23 | 0.18
120% | 474.90 | 666.11 | 61.59 | 189.96 | 1800 | 294 | 419 | 6.03 | 092 | 0.72 | 0.19

Thoi gian keo hoa clia cac mau thi nghiém ting

dan khi ting ham lugng W/C. Viéc quyét dinh str
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dung ham luong cua TTL phu thudc vao yéu cau
diéu chinh thoi gian keo hoa thiét ké cna vt liéu
bom phut. C6 thé thay tir Bang 6 cho thiy thoi gian
keo ctia hdn hop Silica-sol - Xi méng thay doi tir 8
dén 1800s. Khi ty 18 TTL-xi mang khong dbi (S/C
= 0.4:1), cling véi su ting coa ty 1& khdi luong
nudc -xi mang (W/C), thoi gian keo hoéa ciia hon
hop ting dan. Thoi gian keo hoa tot nhat tai
ngudong W/C 16n hon 0.4 —0.5.

4.3. Két qua nghién ctru thiét ké ham lwong
Silica-Sol-Xi ming d6 vao Cat

Tién hanh thi nghiém xéc dinh cuong d6 khang
nén Rn va hé s6 thdm K cua mau & 3, 7, 28 va
90 ngay tudi ¢ trang thai bao hoa.

Puong quan hé gitra (S-S-C) / Sand khac nhau
va thoi gian keo hoa, cudng d6 khan nén, hé sd
thim cta miu vira sir dung xi miang PCB40
duogc biéu dién tir hinh 4 dén hinh 6 dudi day:

50
40
30 F X

20 |

Theoi gian keo hoa (s)
x

10

40.0% 50,0%  60.0% 70.0% 80.0%

Ty trong (S-S-C) / Sand

0k L
20,0% 30.0%

Hinh 4: Quan hé giira thoi gian tao keo
va cdc cdc ty I¢ (S-S-C) / Sand khéc nhau
(S/C = 0.4, W/C = 0.5, sur dung PCB40)

12.00
10.00 R3

R7
® R28
* R90O

o
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8.00
6.00

4.00 ’

2.00

Cuong do nén (MPa)

0.00
20% 30% 4
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Hinh 5: Quan hé giita cuong dé nén
va cac cac ty lé (S-S-C) [ Sand khac nhau
(S/C = 0.4, W/C = 0.5; sir dung PCB40)
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Hinh 6: Quan hé giita hé sé tham va cdc cdc
ty lé (S-S-C) / Sand khac nhau
Két qua thi nghiém cho thay, khi ty 1¢ (S-S-C) /
Sand tang 1én, cuong do khang nén ting, c6 thé
dat t6i 10.45 Mpa va hé s6 tham dat 0.07x10°°
cm/s khi (S-S-C) / Sand = 0.7.

Trong pham vi nghién ctru nay, tac gia gioi han
viéc tim mdi quan hé ty 1¢ giira hdn hop Silica-
Sol — Xi ming dugc bom vao nén cét (twong
g ty 1& (S-S-C) / Sand) va cac tham sd: thoi
gian keo hoa, cudong d6 khang nén Rn va hé sb
tham K. Cac két qua thé hién mdi tuwong quan
giita chung va cho chiing ta nhin nhan vé kha
ning chéng thim cho nén cat ciia hdn hop
Silica-Sol — Xi mang. Bé tim duoc cap phdi tdi
wu, can ¢ cac nghién ciru thi nghiém sau hon
vé cong nghé khoan phut hoa chit nay trong
thoi gian t6i bang nhitng d¢ tai chuyén sau va
giai phap cong nghé thi cong cy thé.

5. KET LUAN VA KIEN NGHI

T céc két qua trén, tac gia dé xuét thanh
phan cap phdi hdn hop Silica-Sol — Xi ming
nhu sau:

- Pé sur dung vita héa chit c6 ngudn gbc
tr TTL hiéu qua ty 1& (% vé khdi lugng)
cua dung dich TTL nén lay trong pham vi
40% - 60%.

- Trong phan ung tao keo silic tr TTL c6 ty
trong y >1.2 g/cm?® v&i axit photphoric, khi ndng
d6 clia axit >10% thoi gian tao gel xdy ra tirc
thi.

- Ty 1& nuéc — xi mang (W/C) nén liy trong
khoang 0.5 — 0.7 dé dam béao diéu kién thi cong
va kha niang chéng thAm khan cap.

- bé dam bao diéu kién thi cong va hiéu qua
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chdng tham khan cép nén cat cong trinh thuy
loi, Ty 1é gitta hon hop (Silica-Sol-Xi ming) va
Cat duoc khuyén cdo dung trong khoang 30% -

50%. Dé c6 duoc cip phdi cu thé cho ting vi tri
cong trinh, can ¢o nhiing thyc nghi¢m tai hién
truong dé dua ra nhitng cong thirc kinh nghiém
tim ra cap phdi tdi wu voi timg muc dich cua
cbng trinh.

Két qua nghién ciru cta bai bio s& gop phan
quan trong cing cb co sd 1y ludn cho giai phap
KPHC dé trién khai 4p dung rong rai trong thoi
gian téi. Tuy nhién dé trién khai ing dung dai
tra tai Viét Nam can nhitng nghién chuyén siu
hon vé cong nghé khoan phut, quy trinh thi
cong, vat liéu khoan phut.
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