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Ung dung ctia thi nghiém xuyén dong trong dia k¥ thuat
va mdt s6 két qua ap dung thuc té
Nguyén Vin Phong'>*

! Trirong Pai hoc M6 - Dia chdt
2 Nhém nghién citu Dia chat céng trinh va Dia méi truong

TOM TAT

Ngdy nay, su phat trién cia linh vuc xdy dung néi chung va céng nghé nén méng néi riéng kéo theo yeu
cau dbi voi cong tac dia ky thuat (DKT) ngay cang cao. Trong do, cac phuong phap khao sat KT can
dam bao tinh hidu qué (chét lugng, tién do, gia thianh) va mé rong dbi tugng, pham vi nghién ciru. Do do,
vig¢c nghién ctru danh gia kha nang, mirc 46 dap ung cua cac phuong phap thi nghiém hi¢n c6 véi yéu cau
moi 14 rat can thiét. Thi nghiém xuyén déng (DCP) la phuong phap thi nghiém hién truong don gian, gon
nhe nhung it dugc st dung trong thuce té. Bai bao gidi thiéu kha ning tmg dung cua thi nghiém DCP theo
yéu ciu méi va mét s6 két qua mg dung trong cong tac khao sat va danh gia chit luong nén gia cb. Két
quéa nghién ciru cho thay, thi nghiém DCP danh gla dugc d6 ddng nhét, phan dugc ranh gidi nén dat cat
theo d6 chat; danh gia duoc chét luong coc dét - xi mang.

Tir khoa: Thi nghiém xuyén dong; do chat dat cat; coc dat — xi mang; nén gia cd.

1. Dit van dé

Hién nay, theo yéu cau thyuc t& san xuit, hdi nhap, thuat ngir dia ky thuat (DKT) dang dén thay thé
thuat ngir dia chat cong trinh (BCCT), dugc thé hién trong cac tiéu chudn, cong trinh nghién clru ¢ nude
ta. Thong tin dia k§ thuat (PKT) 1a mot mot trong nhitng thong tin quan trong hang du khi tién hanh quy
hoach khai thac kmh té 1dnh thd va tién hanh hoat dong xay dung. N6 gitip cac cong tac nay duoc hop ly
vé ky thuat, kinh te va bao vé mdi trudng cling nhu cong trinh 1an cén. Sy phat trién kinh té - xa hoi kéo
theo cac yéu cu vé chit luong cong trinh, cong ngh¢ nén mong dugc néng cao da doi hoi vi¢e thu thap
thong tin DKT phai thay doi. Nhiém vu cua cong tac khao sat DKT ngoai cung cap thong tin vé diéu kién
DCCT, con phai thu thap thong tin vé hién trang cong trinh, cac két cau gia ¢b nén (coc cat, coc dit — xi
ming, ...). Thoi diém thu thap thong tin khong chi ¢ thoi diém trude thi céng, ma con & thoi diém trong
va sau thi cong. Nhu véy, dé co thong tin DKT dap tng duoc yéu cAu méi, ngoai viée nghién ctru 4p dung
cac phuong phap khao sat méi, con phai nghién ciru kha nang mg dung cia cac phwrong phap nghién ctru
d3 c6 trong didu kién va yéu ciu thuc té.

Trong cac phuong phép thu thép thong tin PKT, nhom phuong phép thi nghlem hién tmong dac biét
quan trong, n6 cho phép thu thap thong tin ciia déi twong nghién ctru trong didu kién thuc té. Cac phuwong
phap thi nghiém hién truong nhu: thi nghiém xuyén ti€u chuén (SPT), xuyén tinh (CPT, CPTu va
SCPTu), nén ngang (PMT, DMT), cit canh (FVT), xuyén dong (DCP),... di dwoc nghién ciru va ung
dung trong thuc te Trong do, thi nghiém xuyén dong (DCP) duoc ap dung trong khao sat dia chét cong
trinh (BCCT) truyen thong dé danh gia d6 dong nhét, do chat hodc trang thai va xac dinh duge mot s6 chi
tiéu co 1y cua dit. Du vay, phuong phép ndy it duoc s dung ¢ nude ta do mot s6 han ché nhu d6 tin cdy
thip do it twong quan thyc nghiém, két qua chiu nhiéu yéu t6 anh huéng lién quan dén hiéu qua truyén
nang lugng dong xudng mii xuyén.

Hién nay vai cac yéu cau thue té, ngay cang nhiéu dy 4n c6 yéu cau nhanh chéng thuan loi, gi4 thanh
ré; nhiéu cong nghé xtr ly nén c6 yéu cau thi nghlem & nhiéu thoi diém; dbi tuong khao sat cling phat smh
da dang (trudc déy chi khao sat didu kién dia chét cong trinh, hién nay con cin khao sat cac két cdu gia cb
nhu coc cat, coc dat — xi mang,..). Thi nghiém DCP véi dac diém gon, nhe, chi phi thap nén thich hop str
dung trong cac trudng hop nhu: didu kién thi cong chat hep; cin so sanh sy thay ddi tinh chat cua dt nén
theo thoi gian; khdi lugng thi nghiém 16n hoic sir dung phuong phap khac khong hi¢u qua. Nhu vy, viéc
nghién ctru ing dung phuong phép thi nghiém DCP theo yéu cau hién nay trong didu kién Viét Nam dé
tan dung nhiing vu diém va nang cao hiéu qua sir dung 1a can thiét.

* Tac gid lién hé
Email: nguyenvanphong.dcct@humg.edu.vn
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2. Phwong phap thi nghi¢ém DCP va trng dung trong khio sat dja ky thuat
2.1. Phwong phap thi nghi¢ém DCP

Thi nghiém DCP 1a mdt phuong phap thi nghiém hién truong, duoc str dung nhim xéc dinh strc khang
xuyén dong (ps) voi mii xuyén hinh chop non. Nguyén 1y cua thi nghiém la dong vao d4t mot dung cu
gom mili xuyén hinh chép nén duge gan vao d4u can xuyén. Toan bo cén va miii xuyén dugc dong vao
d4t nho bua co trong lwong tidu chuin (m), roi ti do tir d6 cao cb dinh (h). Thong thudng, thi nghiém
DCP dugc st dung két hop véi khoan dé x4c dinh ranh gi6i dia téng va danh gia muc d6 ddng nhat cia
cac 16p dat Thi nghiém nay ciing cho phép xac dinh cic dic tinh vé cuong d¢ va bién dang cua dat thong
qua cac mdi tuong quan thich hop (Lé Trong Thang, 2014). Tha tuc thi nghiém c6 thé theo tiéu chuin
SNip 448-72 (Lé Trong Thang, 2014) hodc tiéu chuan Anh (EN ISO 22476-3,1997).

Theo trong luong bua, thiét bi DCP dugc chia thanh 4 loai: loai nhe (m = 10kg), loai vira (30kg), loai
nang (50kg) va loai rt ning (63,5kg). Kha néng khang xuyén dong duoc dinh nghia l1a s6 bua cén thiét
(n) dé day miii xuyén di vao dat mot d¢ sau nhét dinh (s =10cm). Céc dai lugng can dugc xac dinh trong
thi nghiém DCP la cuong d6 stcc khang xuyén dong gia dinh (N) va sirc khang xuyén dong don vi (qa).
Tuy theo tiéu chudn 4p dung ma cach xac xac dinh qqc6 khac nhau.

a) Theo SNip 44-72 (Lé Trong Thing, 2014)

N va qq duge xac dinh theo cac biéu thirc (1) va (2).

. L1on
N= sla+f-1) (1)
trong do:
n - s6 nhat bua can thiét dé dwa mii xuyén di dugc mot khoang s (thwong s= 10cm);
a - hé s6 hiéu chinh ma sat, tra theo Bang 2;
B -hé s6 hiéu chinh trong luong cn, tra theo Bang 2.

(m+e2.mr)
qg = N.HD@W 2)

IT, - hé s6 xét dén anh hudng cia thiét bi va chidu cao roi bua (bang 30 kG/cm véi loai nhe, 110
kG/cm véi loai trung binh, 280 kG/cm véi loai ndng);
m — khéi lugng bua, kg
m’ - khéi lwong cua thiét bi tac dong 1én diu xuyén, kg;
e -hésd phuc hoi nang lugng dan hdi: e = 0,56;
O - hé s6 xét dén anh hudng cua ma sat giira cén va dit, xac dinh theo Bang 1;
Bdng 1. Bing tra hé s6 @

Chiéu sau xuyén, m | 0.5-1.5 1.5-4 4-8 8-12 12-16 16-20
(0) 1 0.92 0.84 0.76 0.68 0.60
Badng 2. Gid tri cdc hé s6 hiéu chinh o, B theo V. A. Durante
Khoang d¢ sau xuyén, m Hé sb hiéu chinh o Hé s6 hiéu chinh §
0-3 1,00 1,00
3-6 1,13 1,08
6-9 1,26 1,17
9-12 1,39 1,24
12-15 1,51 1,30
15-18 1,64 1,37
18-21 1,77 1,42

Két qua thi nghiém DCP duoc biéu dién trén biéu dd qq hodc n theo do su. Dua trén cac biéu do nay,
c6 thé danh gia dugc muc do dong nhét cta cac 16p dat va 16p chiu lyc, két hop vai khoan xac dinh ranh
gidi dia tAng. Ngoai ra, sir dung két qua xuyén c6 thé xac dinh mét sb dic trung co 1y ciia mét sb loai dat
(chu yéu 1a dit loai cat) nhu stic chiu tai quy wdc (R,), md dun tdng bién dang (E,), do chat cua cat (Lé
Trong Thing, 2014).

b) Theo TCXD 112: 1984 va EN ISO 22476-3
Stre khang xuyén dong qq duoc tinh theo cong thirc duoc goi 1a cong thirc Ha Lan (EN ISO 22476-3):
92 = 'ﬂ:+n:r'4-110n ©)

Véi A 1 dién tich tiét dién ngang cua mili con.

Két qua thi nghiém DCP duoc biéu dién trén biéu dd qq hodc n theo do sau.

¢) Theo TCVN 10272:2014, ASTM D6951-03

Theo céc tiéu chudn nay, cAn xac dinh do su tich lily theo s6 bua, tinh do xuyén cho mdi nhat bua
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(duoc goi la chi ) DCP) va biéu din theo do sau. Tur chi s6 DCP, x4c dinh duogc chi tiéu CBR theo
tuong quan:

- P4t thuéc nhém CL c6 CBR < 10: CBR =1/ (0.017019*DCP)?

- Dét thuge nhém CH: CBR = 1/0.002871*DCP
2.2. Khd nang wng dung DCP trong dia ky thudt

Theo quan diém truyén théng vé DCCT, cac phuong phap khao sat DPCCT néi chung va thi nghiém
DCP noi riéng c6 nhiém vu khao sét, thu thap thong tin can thiét vé diéu kién DCCT ¢ thoi diém trude
khi xay dyng. Trong khao sat PCCT, phuong phap DCP duoc dung dé giai quyét cac nhiém vy sau:

- Phén chia dia tang va danh gia mirc do ddng nhit cua cac 16p dit;
- Panh gia dugc d6 chat cua dat roi va trang thai cla dat loai sét;

- X4c dinh duoc mot sb dic trung vé d0 bén va bién dang cia dét;
- Cho phép xac dinh duoc chidu sau va 16p dat miii coc.

Ngay nay, theo yéu ciu thye té thi nghiém DCP trong PKT con duge dung dé danh gid chét luong nén
dp (chi s6 CBR - TCVN 10272:2014), dénh gia cuong do cua két cAu gia c¢6. Do dic diém gon nhe, gid
thanh ré nén c6 thé tién hanh thi nghiém & nhiéu thoi diém, dién tich thi cong hep. Nho vay, phuong phap
con cho phép danh gia duoc mirc d6 gia tang tinh chat xdy dung cua dat yéu va mue d6 gia tang cuong do
cua két cdu gia ¢b theo thoi gian nén c6 thé giai quyet dugce mot s6 nhidm vy cua BKT.

Str dung két qua xuyén c6 thé x4c dinh mét sO dac trung co 1y cua mot s6 loai dét (chu yeu 1a dét loai
cat) nhu sirc chiu tai quy udc (R,), mé dun tdng bién dang (E,), do chit cua cat (Lé Trong Théng, 2014).

Stre chiu tai quy wdc cua dit cat o thé duge xac dinh theo Bang 3.
Bdng 3. Xéc dinh sikc chiu tdi ciia ddt cdt theo qq (SNip - 448 -72)

Strc khing xuyén dong don vi, g4, kG/cm? Stre chiu tai quy uéc R,, kG/cm?
10 1.0
30 2.5
50 4.0
70 5.5

M6 dun tong bién dang cuia dét loai sét duge xac dinh theo biéu thic (4), véi dét loai cat E, duoc
xac dinh theo Bang 4.

Ey — 64 - )
Badng 4. M6 dun tong bién dang cua cat theo qq (SNip - 448 -72)
Strc khang xuyén dong don vi, qq, Modun bién dang E, kG/cm?
kG/cm? Hat to va hat vira Hat nho Hat min
20 160+200 130 80
35 210+260 190 130
70 340+390 290 220
110 440+490 350 280
140 500+550 400 320
175 550=600 450 350

Do chit cta dit loai cat du’qc xgic dinh theo gq nhu Bang 5.
Bang 5. Phan logi d¢ chat két cau cua cat theo sivrc khang xuyén don vi qq (SNip - 448 -72)

Thanh phin va trang thi cta cat qa. kG/em? Do chit

1A, X oA L N <35 Roi
Cat co ket cau tuy nhién hat to va vira, khong phu S

thudc d6 4m 35+125 chit vira
ST > 125 chit
<30 Roi

Hat nho, 4m it 30+110 chat vira
> 110 chat
<20 Roi

Hat nh6 4m it va hat nho bio hoa nudce 20 + 85 chat vira
> 85 chit
e el o . X <35 Roi

w faﬁtmmi? dap dudi nudc (sau 1 thang) hat nho, hat 35+ 110 chit vira
’ > 110 chit
<20 Roi

Hat nho va hat vira bdo hoa nuéc 20 = 85 chat vira
> 85 chat
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3. Mt s6 két qua wng dung thye té
3.1. Phan chia dia tfing trong nén cit
3.1.1. Gi6i thiéu céng trinh va phiwong phdp tién hanh

Cong trinh nha dan tai sb 102, Xuén Diéu, Tay H, Ha Noi ¢o quy md 2 tf?mg. Nén dét trong pham vi
d6 su 10m chi c6 mit dat cat min. Cong trinh c6 biéu hién lun khi c6ng trinh lién ké thi c6ng hd mong
x4y dung ting hAm. H6 mong cong trinh lién ké sdu 4, 5m dugc chin gift bing coc van thép siu 9m (Hlnh
1b). Qué trinh thi céng hd ‘mong, don vi thi cong da tién hanh bom hut nuée trong h6 mong dén t6i xuat
hién hién tugng lin, nit nén san cong trinh s6 102. Dé c6 s6 ligu thiét ké giai phap xur 1y cho cong trinh,
can phén chia dia tang, khoanh viing theo d6 chit cta 16p cat. Phuong an dung thi nghi¢m DCP duoc lya
chon do diéu kién thi cong trat hep, d6 sau khao sat khong 16n, co thé danh gia do chat, do déng nhét cua
nén phuc vy cho khoanh vung xir Iy. Theo phuong an nay, 10 hé xuyén DCP sdu tir 5,0m dén 6,0m (Theo
d6 sau ving hoat dong nén ép ciia cong trinh) duge bb tri theo mang lu6i nhu Hinh 1a.
A} Bl

oen

= b —aglii
: | [ ] o Rt s e
| o Ho mong
# N 4.5 L Lop 2: Cat hat nho, bui
4 || | 5
S | L i
L. R ]
o e -9.0m &=
A B}
Cr eoc van thép
Ha rm::u.w_.'
a) b)

Hinh 1. So'dé b6 tri thi nghiém DCP (a) va Dia tang, théng sé hé mong tai VT2 (b)
3.1.2. Két qua phdn chia dia tang theo dg chit ciia cdt

Tur két qua thi nghiém DCP, tién hanh x4c dinh qq theo biéu thirc (2) va biéu dién sy bién ddi qq theo
d6 sau. Do chat cua dit duge xéac dinh theo Bang 5. Tur do, xac dinh dugc ranh gidi theo d chat cta lop
cat va biéu dién trén cac mit cit. Toéng hop két qua duoc biéu dién trong Bang 6 va cac hinh 2, 3. Trong
d6, cat hat nho bio hoa nudc ¢ trang thai x5p khi qq < 20 kG/em?.

Bdng 6. Bang téng hop két qud xdc dinh pham vi phdn bé thi nghiém DCP

A 1% Pham vi phan can xu ly A qxe 4k, A
Kx)l/l hg:lu ho Do sau (m) (4420 kG/em?) B¢ day dat x0
Y Tir (m) Dén (m) Day (m)
DCP1 4.5 0.0 1.8 1.8
DCP2 5 0.0 2.0 2.0
DCP3 5.3 0.5 3.3 2.8
DCP4 5 0.5 3.9 34
DCP5 6 0.3 5.0 4.7
DCP6 6 0.6 4.6 4.0
DCP7 5.1 0.5 4.5 4.0
DCP8 6 0.5 44 39
DCP9 6 0.6 3.3 2.7
DCP10 5 0.5 2.8 2.3
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Hinh 3. Mit cat B-B
3.2. Danh gid cwong dp ciia coc dit xi méing

Du an Nha may nhiét dién Hai Duong dugc trién khai tai huyén Kinh Moén, tinh Hai Duong. Khu vuc
béi xi cia Nha may nim trén nén dit yéu va duge xit Iy bing coc dit — xi ming (CDM). Trude khi thi
cong dai tra, don vi thi cong tién hanh thi cong thir 4 coc CDM. Pham vi xur 1y tir d6 sau 2,0m dén d6 sau
10m. Chat luong cua coc duge danh gia sau 3 ngay tudi bang cach két hop thi nghiém DCP va thi nghiém
cuong d6 mau than coc. Cuong do cua mAau than coc tai 3 ngay tudi (qus) duoc kién nghi 14y bing 60%
cuong d6 miu thir tai 28 ngay tudi. Két hop sb liéu thi nghiém cuong do mau than coc va stic khang
xuyén dong tai 3 ngay tudi (qa3), xac dinh duogc tri s0 stic khang xuyén dong t6i thiéu 1a qa =10 kG/cm?
dé coc dam bao cuong do yéu cau.

Thi nghiém DCP duoc tién hanh tai tAt ca cac coc thir voi khdi lugng 4 hd. Khéi luong, vi tri va d6 sau
thi nghiém duogc téng hop trong Bang 7.

Két qua danh gia chét lwong coc CDM b?mg thi nghiém DCP dua trén biéu dd qa3 theo d6 sau duogc
biéu dién trén Hinh 6. Két qua biéu dién trén cac biéu dd nay cho phép danh gia mirc d6 dong nhét ciia
coc, xac dinh dugc céc vi tri c6 cuong do coc khong dat (vi tri dugc boi dam trén biéu dd Hinh 4). Dya
vao biéu db qqs trén Hinh 4 va sb liéu trong Bang 7, c6 thé théy cac coc CQ-14, CQ-16 tuwong dbi dong
nhét (d6 léch chuan thip), nhung co6 ty 1¢ doan coc khong dat vé cuong do kha lon, lan luot 14 15,9% va
23,2%, chu yeu tap trung & phan dudi coc; Coc CQ-18 rat khong dong nhit (c6 do lech chuin 16n nhat),
dd 1éch gitra gia tri 16n nhét (Max =72,9 kG/cm?) va nho nhét (Min =3,4 kG/cm?) rat 16n, thé hién chat
luong thi cong kém; Duy nhét coc CQ-20 khong c¢6 doan coc khong dat.

Bdng 7. Tong hop khoi lwong thi nghiém DCP kiém tra chdt lwong coc CDM
Ky hiéu Chiéu HO xuyén dong | Strc khang xuyén dong qqs, kG/em? Doan coc khong dat
coc dai coc,
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CDM m Ky bo Max Min Trung Do 1éch Chiéu Ty 1€,
hiéu sdu binh chuin dai, m %
CQ-14 8,0 DPT1 10,0 32,6 7,5 15,2 4,6 1,30 15,9
CQ-16 8,0 DPT2 10,0 23,7 7,0 13,1 3,5 1,90 23,2
CQ-18 8,0 DPT3 10,0 72,9 34 22,0 12,4 0,50 6,1
CQ-20 8,0 DPT4 10,0 46,1 10,2 25,1 7,6 0,00 0,0
[OCP1 D2 k2 [CP4
¢ 10 200 30 49 0 0 010 20 3 40
20 T Ly 2D 20 s .
; ===
0 = 0 318 =t
£ =
f— =111 P O [
&0 & 40 % 4 e
= 1 o [l Fp ¢ _
3 3 =
50 50 50 3
- bss e
. I 280
& o 60 | 60 =
2% I ) : M&_:gc, 1
7 g"oﬂ . : l 4 Pl
(i UEF o l T - 1
...................... 8......,........._ ey “’C;.\_ i !
&0 ':g 80 Y %ﬁmﬂ@__
20 S SR : —— —_
--------- e g S
e : s
160 1,0 100 —g— 1 3 %

Hinh 4. Két qua d‘anh gid chat heong coc CDM theo thi nghiém DCP (doan coc khéng dat dwoc béi d‘am)
4. Két luan

Tur két qué tong hop 1y thuyét va mot sé két qua thuc nghiém, co thé rut ra mot sd két ludn va kién nghi
sau:

Khi khao séat dia ky thudt voi dbi tugng nghién ctu 1a dét nén, sir dung thi nghiém DCP c6 uu diém
gon nhe, thi cong don gidn, gia thanh thép, két hop vai khoan cho phép xac dinh dugc ranh gidi dia tﬁng
va danh gia mirc do ddng nhét cua cac 16p dét, cho phép xac dinh mot sé chi tiéu tinh chat xay dyng cua
dat.

Trong xu ly nén dat yéu, thi nghiém DCP cho phép tién hanh v6i ca nén dit va két cu gia cé ma vige
trién khai thi nghiém it tac dong dén dbi tuong nghién cru. Thém vao do, phuong phap nay cho phép tlen
hanh véi khéi lugng 16n, ¢ nhiéu thoi diém, do d6 danh gid dwgc hiu qua cua moi qué trinh xtr ly nén
d4t, ciing nhu qua trinh gla tang cuong d6 cua két ciu gia cb.

Tuy nhién, str dung két qua thi nghlem DCP xac dinh céc chi tiéu tlnh chit co 1y cuia dét nén ciing nhu
két cdu gia c¢b c6 do tin cay thap do it s lidu thyc nghiém. Vi vy, cin c6 thém nhidu nghién ciru thyc
nghiém phwong phap thi nghiém nay nhim ting d6 tin cdy, phat huy wu diém cua phuong phap, thich tmg
véi yéu ciu va nhiém vu méi cta linh vuc DCCT — BKT.
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ABSTRACT

Application of dynamic cone penetrometer test in geotechnical
engineering and some practical results in Vietnam

Nguyen Van Phong!-?
! Hanoi University of Mining and Geology
2 Research group of Engineering Geology and Geo-environment

Today, the development of the construction field and foundation technology leads to increasing
requirements for geotechnical work. In which, geotechnical survey methods need to ensure effectiveness
(quality, schedule, cost) and expand the object and scope of research. Therefore, it is very necessary to
evaluate the ability and suitability of existing testing methods to meet new requirements. The dynamic
cone penetrometer test (DCP) is a simple, compact field testing method but rarely used in practice. This
article introduces the applicability of DCP test according to current requirements and some application
results in surveying and evaluating the quality of reinforced foundations. Research results show that the
DCP test can evaluate the consistency and demarcate sandy soil boundaries according to the penetration
resistance; Evaluate the quality of soil-cement piles; showed the effectiveness of increasing strength due
to mechanical compaction and consolidation when reinforcing soft ground with the marinesand - cement -
fly ash pile solution.

Keywords: dynamic cone penetrometer test (DCP); soil density; soil - cement piles; reinforced
foundation.
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