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DANH MUC

MQT SO PHUONG PHAP THi NGHIEM HIEN TRUONG UNG DUNG
TRONG PHAN TiCH PIA KY THUAT VA THIET KE CONG TRINH

A Céc phuong phap thi nghiém hién trwomg ing dung trong phan tich dia ky thuat
va thiét ké cong trinh

1. Thi nghiém xuyén ti¢u chuian SPT

1.1. Gidi thi¢u chung vé thi nghiém SPT va Hiéu chinh gid tri Sitc khdng xuyén tiéu
chuan SPT.

1.2.Phdn tich cdc chi tiéu co Iy cia ddt dwa trén két qua SPT va twong quan giita chiing.
1.3.Danh gia cuwong do cua da o hién truong theo gia tri SPT.

1.4.Ung dung két qua SPT trong phan tich nén méng.

2. Thi nghiém xuyén con CPT, CPTu

2.1.Gidi thiéu chung vé thi nghiém CPT, CPTu

2.1.1.Gidi thiéu chung vé thi nghiém xuyén c6n CPT

2.1.2. Gidi thiéu chung vé thi nghiém xuyén cén CPTu (Po ap luc nudc 16 rong)
2.1.3. Mot s6 thiét bj thi nghiém CPT, CPTu cta cac nudc dang thuc hién
2.2.Cdc chi tiéu co Iy cua ddt dwa trén két qua CPT, CPTu va tuong quan giita chiing
2.2.1. Céc chi tiéu co 1y cia dat dwa trén két qua CPT va tuong quan giita chiing
2.2.2. Céc chi tidu co 1y ciia dat dua trén két qua CPTu va tuong quan giita chiing
2.3.Ung dung két qua CPT, CPTu trong phdn tich nén méng

3. Thi nghiém cit canh VST

3.1.Gidi thiéu chung Vé thi nghiém VST

3.2.Cdc chi tiéu co Iy cia ddt dwa trén két qua VST va twong quan giita chiing

4. Thi nghiém nén ngang trong dat PMT (TN xuyén khéng lién tuc)

4.1.Gidi thiéu chung vé thi nghiém PMT

4.2.Cdc chi tiéu co Iy cia ddt dwa trén két qua PMT va twong quan gitka ching
4.3. Dy bdo d¢ lin ciia mong néng diea trén két qua PMT

5. Thi nghiém nén ngang trong dat DMT (TN xuyén lién tuc)

5.1.Gidi thiéu chung vé thi nghiém DMT

5.2.Cdc chi tiéu co Iy cua ddt dwa trén két qua DMT va twong quan gitta chiing
5.3. Ung dung két qua DMT vao du bdo suvec chiu tai cua coc

6. Thi nghi¢ém méd dun bién dang bang tAim nén phangEsp

6.1.Gidi thiéu chung va ngi dung cua thi nghiém Esp

6.2.Cdc chi tiéu co Iy cia ddt dwa trén két qua Esp va twong quan giita chiing
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7.Thi nghiém mé dun bién dang va wng suit ciia bé méit da bing PP kich phing Es

8.Thi nghiém méd dun bién dang cia khéi da theo phwong phap chét tii ban nén
cirng, ban nén mém

8.1. Thi nghiém mé dun bién dang ciia khoi dd theo phirong phdp chdt tdi ban nén cimg
8.2. Thi nghiém mé dun bién dang ciia khoi dd theo phirong phdp chat tai ban nén mém
9. Thi nghiém d$ tham nwéc caa dat, da
9.1. Thi nghiém dé nuéc trong hé dao, hé khoan
A. Thi nghiém d@é nuée trong hé dao theo phwong phdp cét mede khong doi:
— Phuong phap cua A.K.Bondurep
— Phuong phap thi nghi¢m cua N.X. Netxterop (phuong phép chi dinh)
B. Thi nghiém dé nwéc trong hé khoan
— Phuong phéap cia V.M.Naxberg (Cot nuéc khong doi)
— Phuong phép cua G.l.Barenblat va B.l.Sextacop(Cot nudc thay ddi)
9.2. Thi nghiém hiit mede tie cdc 16 khoan.
9.3. Thi nghiém ép nwdc vao hé khoan
10. Cac phwong phap quan tric
10.1. Po do lun
— Phuong phap do cao hinh hoc;
— Phuong phap do cao lugng giac;
— Phuong phap do cao thuy tinh;
— Phuong phap chup anh.
10.2. Po dp liwe nwée 16 rong
10.3. Po dich chuyén ngang ciia cdng trinh
10.4. Do do nghiéng cua cong trinh
10.5. Po vét mit ciia cong trinh
10.6. Po bién dang bé mat ciia cong trinh,..
11. Cic phwong phap tham do dia vat ly
11.1. Cdc phwong phdp dién tré (Mdt cdt dién, do sdu dién)
11.2. Cdc phwong phap do dia chin (Phan xa, khiic xa)
B Mt s6 nhan xét va kién nghi khi sir dung cac phwong phap trong phan tich dia ky
thuat va thiéet ké cong trinh
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Muc dich: Hé thong héa cic phwong phdp thi nghiém hién truong dang dwoc dp dung tai
Viét Nam va cdc nwéce trén thé gidi thong qua phép twong quan giita cdc phieong phdp
ung dung cho phdn tich dia ky thudt va tao diéu kién thudn loi dé phuc vu cho thiét ké
cac cong trinh.

A Céc phuong phap thi nghiém hién trwomg ing dung trong phan tich dia ky thuat
va thiét ké cong trinh

Cac thi nghi€ém tai hién trudong duoc tién hanh dé xac dinh stc khang, bién dang va dac
tinh chdng thim cua cac 16p dat va da phu hop véi loai méng duoc kién nghi.

C4c thi nghiém hién trudng trong nghién ctru dia k¥ thuat nhin chung bao gém nhiing
phuong phap chinh sau:

Symbol Test Measurement
DCP Dynamic cone penetrometer Blows/100 mm
SPT Standard penetration test Blows/300 mm
CPT Cone penetration test Cone resistance gc (MPa); friction ratio (%);

Cone resistance gq¢ (MPa); friction ratio (%); Pore
Pressure (kPa). Time for pore pressuredissipation t
(sec)

Cone penetration test with pore
CPTu pressure measurement (Piezocone)

PT Pressuremeter test I('Cﬁf)ff and limit pressures (kPa),Volume change
PLT Plate loading test Load (kN), deflection (mm)
DMT Dilatometer test Lift-off and expansion pressures (kPa)
PP Pocket penetrometer test kPa
VST Vane shear test Nm, kPa
WPT Water pressure (Packer) test Lugeons
1 :
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s Summary of in situ test methods for determining preconsolidation stress

(Muc 6.12 — Evaluation of preconsolidation stress from in situ tests — U.S.Department of Transportation, Publication No. FHWA
NHI-16-072 April 2017- Geotechnical Engineering Circular No.5; Geotechnical Site Characterization)

. Very
Test Very Med_lum Stiff Stiff- Comment
soft-Soft Stiff
Hard
Highest quality interpretation; The-
CPT/CPTu v v v oretical and empirical data base
Highest quality interpretation; Em-
DMT 4 4 v pirical data base
Highest quality interpretation; The-
FVT v v oretical and empirical data base
Medium quality interpretation; Em-
PMT v v v pirical data base
Low quality; Rough estimate only;
SPT v v v Empirical data base

s Theo Bowles, 1996 thi pham vi ap dung ctia cic phwong phap nay nhw sau:
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Tham trong 16 khoan C A B A
Xuyén hinh c6n
DCP C A B C C C C
CPT B A B C B C B C B
CPTu A A B B B A A B B A B B A
Cohoc B A B C B C B C B
Pia chan 16 khoan cC Cc C A B B
Dilatometer (DMT) B A B C B B B C C B
Hydraulic fracture B B cC C
TN ty trong hat nhan A B C
Plate load tests (PLT) C C B B C B A B CC B B
Pressure meter menard B B C B B C B B CcC C
Self-boring pressure B B A A A A A A A A B AA
Screw plate C C B C B B A B CC B B
Seismic down-hole C C C A B B
Seismic refraction CcC C B B
Shear vane B C A B
Standard penetration test B B B C C C A
(SPT)
Ch = Vertical consolidation with horizontal drainage; Cv = Vertical consolidation with vertical drainage.
Code: A=most applicable. B =may be used. C =least applicable.

(T42 - Hanbook of Geotechnical Investigation and Design Tables)
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1. Thi nghiém xuyén tiéu chuan (SPT)

1.1. Gto’t thigu chung vé thi nghi¢gm SPT va Hiéu chinh gid tri Sikc khdng xuyén tiéu
chudan SPT.

1.1.1. Gidi thi¢u thi nghiém SPT

Thi nghiém xuyén tiéu chuan (SPT) 1a thi nghiém ngoai trdi dugc thuc hién rat phd bién
hién nay & VN va céc nudc phuong Tay.

63.5-kg Drop
$ Hammer Repeatedly
aIIm 0.76 m
Rotary -drilled
Borehole
(1|, Split-Barrelp
(Drive) Sampler:
O.D. =50 mm
1.D. ‘=35 mm
| L 27&) mm
@ £ = h
= e &=
] ° a e
i e & % Standard Penetration Test (SPT)
e »
= 3 § Procedures: ASTM D1586 N = meas-
s B°ooB ured Number of Blows to drive sampler
s Te 300 mm into soil.
- | = pe———
— Pham vi dp dung: Thi nghiém xuyén tiéu chuan \ e ‘ ‘I - ’f
SPT dugc dé cap dén theo TCVN 9351-2012, | e . & s /
AASHTO T206, ASTM D1586, BS 1377 - phan9. 4 = = \

— Thi nghiém xuyén tiéu chuan SPT (Standard
penetration test) la phuong phap xdc dinh suc
khang xuyén tiéu chuan tai ddy hd khoan khi xuyén
6ng mau bang cach dong bua theo tiéu chuan va lay
mau phé hily dé 1am céc thi nghiém phén loai. Thiét bi xuyén tiéu chuin SPT

— Két qua thi nghiém SPT dwoc dung cho cdac muc dich sau:

> Phén chia dia tang, phat hién cac 16p kep, cac thau kinh dat hat roi, phan biét cac
dat hat roi voi ché do chit khac nhau theo dién va theo d¢ sau.

> Dénh gia gi4 tri cia mot s6 chi tiéu co li nhu:
+ D chat, géc ma sat trong cua dét hat roi;
+ D0 sét, dd bén nén ¢ nG hong cua dét dinh;
+ Mbdun bién dang cua dat roi;
+ Strc khang xuyén tinh ciia dat.

» Danh gia mot s6 chi tiéu dong lyc cua dat nhu:
+ Kha ning bién lodng ctia dat roi;
+ Téc d6 truyén song trong dat.

> Du bao stic chiu tai cia mot s6 loai mong:
+ Strc chiu tai ciia moéng nong trén dat roi;
+ Surc chiu tai cua coc, chu yéu la coc chéng, dic biét coc khoan nhdi.
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s Phwong phdp thi nghi¢m:
— Thiét bi va phuong phap thi nghiém duoc chi ra rat rd trong TCVN 9351-2012.
— Tbng chiéu sau xuyén: 45cm, sd bua/l15cm dugce ghi lai lﬁn lugt (N1, N2, N3).

— Gia tri N30 - St khang xuyén tiéu chuin 1a sb bua can thiét dé dua mili xuyén di
xuong tinh cho 30cm cudi (N3o= N2+N3).

— Néu sau 50 1an biia roi ma khong dat duoc d6 sdu xuyén 30cm thi ding thi nghiém.
— Khi xuyén trong ¢4 mém thi s& dung thi nghiém néu sau 100 1an déng bta ma van
khong xuyén qua dugc 30cm.

1.1.2. Hiéu chinh gid tri Sikc khdng xuyén tiéu chudn SPT

Ning lugng toan phan E cua bua khong hoan toan chuyén t6i 6ng 1y mau. Sy mat mat

nang lugng xay ra ¢ cac phan chinh sau:

O cac nudc tién tién, nang luong hi€u qua la 45 + 65%, tai Viét Nam dé an toan, co thé

tam lay nang lugng htru ich khoang tir 30 + 55%. Do d6 ta phai chuan hoa N vé mot gia

tri c6 cung nang luong hiéu qua. Cac nudc tién ti€n, coi 60% la nang luong hiru ich trung

binh va thuong quy d6i N vé Ngo (60% nang luong hitu ich). Co nhiéu phuong phap hi¢u

chinh gid tri Sirc khéng xuyén tiéu chuan SPT, sau day chi xin trinh bay mot s6 phuong

phap:

a) Theo thi nghiém ddt hién truong va iing dung trong phdn tich nén méng (T112) ta co:
N'so = Ngo X Cn = N X Ce X Cn (SPT hiéu chinh theo hiéu qua va do sau cta bua):

- Hé s6 hiéu qua Ce = En/60 (En: Nang luc hiéu qua c6 thuc cua thiét bi)

O nudc ta, tam lay Ce= 0.5+0.9. Thiét bi tién tién hon c6 thé liy Ce cao hon.
- Cn: Hé sb do sau. Nhiéu tac gia dé nghi cac hé¢ s6 Cn gﬁn giéng nhau nhu sau :

+ Liao &Whitman (1986) : Cn = (0,9576/ 6”vo)* (1)
+ Peck (1974) : Cn=0,7710g(20/1,05/ 6’vo) (2)
+ Skempton (1986): Cn = 2/(1+ ¢ vo) (3)

Néu & d6 sdu <2m : Nén dung (2) hodc (3) vi (1) cho Cn khé 16n.

(Trong do Ceva Cn xem ky hon o trang 112)
*Tuong tw voi cong thirc muc a) theo TCVYN11823-10 :2017 (Muc 4.6.2.4 trang 19) gia tri hiéu
ch{nh ket qua SET voi ER=Cg: Hé so hi_éyu qua d‘u"ac: chi ra cu thé hon theo hé bua thuc dung.
Néu khong co so liéu cia hé biia thi co the ding tri s6 ER = 60% cho hé bua thong thuong ding
day va dau meo, ER = 80% doi voi hé bua co hanh trinh tu dong.

b) Theo Hanbook of Geotechnical Investigation and Design Tables (T44, T45) ta co:

o H¢ s6 hiéu chinh két qua SPT doi véi dp luc lop phu
Hé sb hiéu chinh cho gia tri SPT duoc 4p dung cho dAt dang hat: No=Cn.N

SPT correction factors to account for overburden pressure (adapted from Skempton, 1986).

Effective Correction Approximate depth of soil (metres) to achieve nominated
overburden factor, Cn effective overburden pressure for various ground water level (z,)
(kPa)
Fine Coarse At surEace z,=2m z,=5m z,=10m
sands sands
0 20 1.5 0.0m 0.0m 0.0m 0.0m
25 1.6 1.3 3.m | 4m 1.4m l.4m
50 1.3 1.2 6.2m 3.7m 28m 28m
100 1.0 1.0 12.5m 10.0m 6.2m 5.6m
200 0.7 0.8 25.0m 225m 18.8m 12.5m
300 0.5 0.6 37.5m 35.0m 31.2m 25.0m
400 0.5 0.5 50.0m 47.5m 43.7m 375m
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o H¢ s6 hiéu chinh néing lwong SPT déi véi logi thiét bi va kich thwdc 16 khoan

Cer - Hé s6 ning luong thudng chiém 60% tong ning luong.
(No)so = Cn Cer N. Cer=CHCrCsCg

Energy ratio correction factors to be applied to SPT value to account for equipment and borehole size
(adapted from Skempton, 1986 and Takimatsu and Seed, 1987).

To account for Parameter Correction factor

Hammer — release — country

Hammer (Cy)

e Donut — free fall (Tombi) — Japan 1.3
e Donut — rope and pulley — Japan I.1
e Safety — rope and pulley — USA 1.0
® Donut — free fall (Trip) — Europe, 1.0
China, Australia
e Donut — rope and pulley — China 0.8
e Donut — rope and pulley — USA 0.75
Rod length (Cr) e |Om 1.0
e [Omtoém 0.95
e 6mto4m 0.85
®*4mto3m 0.75
Sampler (C;) e Standard 1.0
e US sampler without liners 1.2
Borehole ® 65mm—115mm 1.0
Diameter (Cg) e |50 mm 1.05
e 200 mm I.15

c) Theo Advanced Engineering Geology & Geotechnics Spring 2004/ D6066/ Skempton
ta co:

- Hiéu chinh nang lwgng (Neo):
Neo = NmxCegxCsxCgxCr (Skempton, 1986)
Trong do:
Nm: gia tr1 N3o do dugc tai hién truong

Ce: hé s6 anh hudng boi loai bia SPT sir dung, bua vanh khin Ce = 0.75, bla an toan
Ce = 1-1.14, bua ty dong Ce = 1.14-1.43; (Theo Bowles 1996);

Cs: hé s6 anh hudng bai phuong phap 1dy mau, ng mau tiéu chuan, Cs = 1.0
Cr: hiéu chinh chiéu dai can khoan, <3.0m (Cr = 0.75), 3-4m (Cr = 0.80), 4-6m
(Cr =0.85), 6-10m (Cr = 0.95), 10-30m (Cr =1.0)

Cg: hiéu chinh dudng kinh 16 khoan, 65-115mm (Cg =1.0), 150mm (Cg =1.05)

- Hiéu chinh SPT theo dd siu (Theo ap lwc dia tAng) Ni(eo):
N160) = NeoxCn
Trong do:
Cn — hé s6 hiéu chinh theo d6 sau (theo ap luc dia ting)
Cn = (1/oy*)0
Trong do:
ov’ = ap luc hiéu qua tai vi tri thi nghiém (kg/cm?) :
6’ = Y.hus X ywet +X.Ns X( ysat - Ywater)
hus = chiéu day ctia mdi 16p dat trén muc nude ngdm
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ywet = khéi luong thé tich udt cua cac 16p dat trén muc nude ngam
hs = chiéu day ctia dat tram tich bdo hoa dudi muc nudc ngdm

ysat = khoi lwong thé tich bao hoa cua cac 16p dat

ywater = khoi luong thé tich cua nude.

d) Theo Paul W. Mayne, PhD, P.E.Professor, Geosystems civil & Enviromental Engi-

neering — Science fore a Changing World ta c6:
—  Nmeasured = Raw SPT Resistance (ASTM D 1586).

—  Neo = (ER/60) Nmeasured = Energy-Corrected N Valuewhere ER = energy ratio
(ASTM D 4633). Note: 30% < ER < 100% with average ER = 60% in the U.S.

—  Nso = Ce Cg Cs Cr Nmeas = Estimated corrected N.

—  (N1)eo = Cn Neo = Energy - Corrected SPT Value normalized to an effective

overburden stress of one atmosphere: (N1)so = (Nso)/(cvo’)%® with stress
given in atm. (Note: 1 atm = 1 bar = 100 kPa = 1 tsf) - P-=100 kPa

Effect Variable Term Value
] ' 05
Overburden Stress | ©, CN (Pa/Cyo' ) but ¢ 2
1 Safety Hammer 0.6t0 0.85
Energy Ratio - Donut Hammer Ce 0.3t0 0.6
- Automatic Hammer 0.85t01.0
65 to 115 mm 1.00
Borehole Diameter 150 mm Ce 105
200 mm 1.15
Standard sampler C 1.0
Sampling Method - Sampler without S 11t013
10mto30m 1.0
Rod - 6t010m 0.95
Length -4t06m Cr 0.85
-3todm 0.75
Particle Size Median Grain Size (Dg) of
Sand in mm Cp 60 + 25 log Dg
Time (t) in years since
Aging deposi(ti)on y Ca 1.2 + 0.05 log (/100)
Overconsolidation OCR COCR ocRrO-2

(Obtain by energy measurement per ASTM D4633)

e) Theo Dr Win Naing — Site Investigation SPT, CPT — 19 September 2010, ta cé céng

thirc hiéu chinh SPT twong ti nhu phan trén (d).

f) Theo Maryland Department of Transportation State Highway Administration -

Parris N. Glendening Governor, John D. Porcari Secretary, Parker F. Williams
Administrator:

Nso= N £X (ERf / 60)
Neo = SPT N value corrected to 60% of the theoretical free fall hammer energy
Nf = SPT N value obtained in the field
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ER¢= rod energy ratio for hammer used in the investigation (measured)

Ng =Ng¢ XngXn,xngxn,xngXxng

ni = energy correction factor = ER¢/60 (ERs is the average energy ratio determined in the

field).

n2 = rod length correction factor ;
nz = liner correction factor; ns = borehole diameter correction factor ;
ns = anvil correction factor; ns = blow count frequency correction factor

Robertson & Mcgigdo(rliiz) DPE;can Bowles Skempton
Length of Drill Rod Wride (1997)- 9(1998) (1996) (1986)
N, n n2 n2
2

Length over 30 m (+100 ft) Less than 1 1 1 1

’10-30m (30-100 ft) 1 1 1 1
‘6—-10m (20-30 ft) 0.95 1 0.95 0.95
‘4—-6m (13-20 ft) 0.85 1 0.85 0.85
3-4m (10-13 ft) 0.75 1 0.75 0.75
‘0-3m (0-10 ft) - 0.75 0.75 0.75

Corrections for Blow Rate (CBF)

Decourt, 1990 per McGregor and Duncan (1998) - Ng

Frequency of Hammer Blows Bdf
Less than 20 10-20 blows/minute 0.95
Greater than 20 10-20 blows/minute 1.05

Tokimatsu (1988) Per McGregor and

Skempton (1986) -

Anvil Duncan (1998) - N5 ns
Small (4.4 Ibs) 0.85 0.7-0.8
Large (26.5 Ibs) 0.7 0.6 -0.7

Safety 5.5 Ibs 0.9 0.7-0.8

Bore Hole Diameter

Robertson & Wride

Bowles (1996) - N4

Skempton (1986) -

(1997) - N4 N4
Pamameter N4
60 — 120 mm 1 1 1
150 mm 1.05 1.05 1.05
200 mm 1.15 1.15 1.15
Sampler Robertson & Wride Bowles (1996) - N3 | Skempton (1986) -

(1997) - n3 N3
No linear 1.1-1.3 1 1.2

With liner: loose sand 1 0.9 1
With liner: dense sand, clay 1 0.8 1
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Seed (1984) per McGregor| Robertson &

Hammer Type and Duncan (1998) Wride (1997) Bowles (1996) - N1
Automatic 1.67 0.8-15 1.14-1.43
Pulley Safety Hammer 1 0.7-12 1-1.14
Donut 0.75 05-10 0.64

* where ni = (Er/70) example for ER = 80% — 100% n, = 1.14 — 1.43

)Mot 56 hiéu chinh SPT khac :
(Cam nang dimg cho ky sw dia ky thudf)
v Higu chinh cdt min lén bui theo Terzaghi and Peck:
Neor= 15+0.5(N-15) Trong d6: N - Chi s6 bua dong thuc té.
Neor - Chi s6 btia hiéu chinh.

v’ Hiéu chinh theo dj siu:
Neor= N + 35

7+yh , A A , ‘n
Trong d6:  h - Chiéu sau thi nghiém (m)

v - Dung trong (t/m3), trén muc nude. Dudi muc nudce st dung y’day ndi .

v’ Hiéu chinh nwéc dwoi dit:
Ncor= 0.5N +7.5

v' Hi¢u chinh ndng lwong bua:. Pugc ap dung rong rdi ¢ My, goi la stc
khang Neo (Tham khao: thi nghiém dat hién trudng va Gng dung trong phan

tich nén mong T112).

1.2.  Phan tich cdc chi tiéu co Iy ciia dit dwa trén két qua SPT va twong quan giiva

chang

Két qua thi nghi¢ém SPT dung dé danh gia: suc chiu tai cua dat nén,, dd chat twong déi cua
nén dat cat, trang thai cua dat loai sét, do bén nén 1 truc qu cua dat sét, két hop lay mau

dé phan loai dat,. ..
1.2.1. Mét sé chi tiéu co Iy ciia dit dwa trén két qua SPT va twong quan gifva chiing

(Theo mét sé sach va quy trinh trong nirdc)
% Theo TCVN9351-2012:

— Gia tri strc khang xuyén ti€u chuan Ngpt ciia mot s6 loai dat vung Ha N6i — Phu lucC;

— Quan h¢ gitra stc khang xuyén ti€u chuan Nspt va stc khang xuyén tinh dau mii qc -

Phu luc D;
— Panh gia mot sd chi tiéu co 1y cta dit theo két qua SPT — Phu lyc E;
Déi véi ddt roi
e Do chat twong ddi (Dr) va goc ma sét trong (o)
e Quan hé gifta goc ma sat trong va stc khang xuyén tiéu chuin
(Theo Terzaghi, Peck, Meyerthof...)
e M0 dun bién dang E (MPa) - Theo Tassios, Anagnostopoulos

Doi voi dat dinh: Quan h¢ Ngpt, do sét va do bén nén c6 né hong qu

10
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% D¢ bén khang nén 1 truc co thé duoc xdc dinh tuy thuoc vao gia tri SPT:
— Dit sét: qu=N/4
—  Dat sét bui: qu=N/5
— DAt sét pha va dat bui: qu = N/7.5

% Pdnh gid tinh bién dang cua dat dwa trén két qua SPT

(T115, 116— Thi nghiém ddt hién truong va vmg dung trong phdn tich nén mong).

< Tinh chdt nén lin ciia dit nén (Eo=1/my)co thé xdc dinh theo twong quan ciia
Tassios & Anagnostopulos. (T130, T131- Cam nang danh cho ky sw dia ky thudt)

Eo=1/m\=[a+C.(N+6)]/10
% Panh gia hé s6 Ko va OCR ciia dat diea trén két qua SPT
(T116, 117— Thi nghiém dat hién truong va vmg dung trong phdn tich nén méng).
% Pdnh gid kha nang bién lodng cia dat dwa trén két qua SPT
(T120— Thi nghiém dat hién trueong va irng dung trong phdn tich nén méng).

1.2.2. Mpt sé chi tidu co Iy ciia dit dwa trén két qui SPT va twong quan giiva chiing

(Theo mét sé séch, héi thdao khoa hoc,... ciia nwée Ngoai )

% Nhitng théong sé Cwong dé ciia dit tiv gid tri SPT

(T54, T55 - Hanbook of Geotechnical Investigation and Design Tables)
o Cuwong dp cia dit sét tir gid tri SPT

— Nhin chung cudng d6 khang cat khong thoat nude Cy=5 SPT (Thudng Cy= 5+ 8
SPT)

— Véi dat sét thi gia tri SPT khong phai hiéu chinh 16p phu.
— Do nhay cua dit sét c6 anh huong dén két qua.

Loai vat liéu Trang thai SPT — N (S6 biia/300mm) Cuong d¢ (kPa)
Sét Chay <2 0-12
Déo chay 2-5 12-25
Déo mém 510 25-50
Déo cling 10-20 50-100
Nira cling 20-40 100-200
Cling >40 >200

— Gia tri hi€u chinh duogc chi ra nhu sau:
+ D6 thi Sower” ding Cy=4 N - Déi sét co tinh déo cao va ting dan
Cu = 15N - Déi voi sét co tinh déo thap.
+ Doi lap v6i d6 thi caa Stroud va Butler’s (1975) Cy= 4.5N - Dbi PI>30% va
Cu= 8N dbi sét c6 tinh déo thap (PI=15%).
— Vi vay ta phai can than ddi v&i mot sd truong hop hiéu chinh.

o Cuwong dj cua cat vira sach tur gia tri SPT

11
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A SPT - N (sb bia/300mm) Cuing dp
M6 ta Twong quan do
chat Gia tri khong hiéu Gia tri da hiéu Géc ma st
chinh é hién trwdong chinh
A 0
Rat roi <15% N<4 No 6o <3 <28
—a. — 5200
Roi 15-35% N = 4-10 No 60 = 3-8 @ =28-30
- —a0-200
Chat vira 35-65% N = 10-30 No 60 = 8-25 @ = 30-40
—or_ T
Chat 65-85% N = 30-50 No 60 = 25-42 @ = 40-45
. T
Rat chat > 85% N >50 No o >42 @ = 45-50
= - 0
100% No 60 = 60 @ =50

—  Déi cdt sét: géc ma sdt @ giam di 5°
—  DGi véi cat lan séi: goC ma sat @ tang 1én 5°

o Cuwong dp ciia cdt min dén thé tir gid tri SPT

] Corrected SPT-N (blow/300mm) Strength
o Relative den-
Description sitv Dr _ _ Coarse sand | Friction an-
y Fine sand Medium sand
gle

V.loose <15% Noso <3 No e <3 No 6o <3 < 28°
Loose 15-35% Noeo = 3-7 No 60 = 3-8 No s0 = 3-8 @ = 28-30°
Medium denser 35-65% Noso = 7-23 No 60 = 8-25 No 60 = 8-27 @ = 30-40°
Dense 65-85% Noeo = 23-40 No 60 = 25-43 | Noeo = 27-47 @ = 40-45°
V. Dense >85% Noso > 40 No 6o > 43 Noso > 47 @ = 45-50°

100% Noso = 55 No 60 = 60 No 60 = 65 @ =50°

Skempton (1988) da dua ra bang trén:

— No eo/Di?= 55 - Di v6i cat min.
— No eo/Di?= 60 - Dbi v6i cét vira.
— No 60/Di?= 55 - Ddi véi cat tho.
+» Theo Dr Win Naing — Site Investigation SPT, CPT — 19 September 2010

v Correlation between Friction Angle (f) SPT(N ) Value
Hatakanda and Uchida Equation (1996)
Modified
f=3.5x (N) %° + 20 fine sand
f=3.5x(N) % + 21 medium sand
f=3.5x (N) %° + 22 coarse sand; where, f= friction angle, N =SPT value

v" SPT vs. Coefficient of sub-grade reaction

SPT 8 10 15 20 30

K=KN/m?3 2.67E-6 4.08E-6 7.38E-6 9.74E-6 1.45E-6
(Johnson, S. M, and Kavanaugh, T. C., 1968. The Design of Foundation for Buildings. McGraw-Hill, New York).

s D¢ chat ciia cdt va cwong dj ciia sét tir gia tri SPT
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( From Terzaghi and Peck, 1948)

Relative density of Sand Strength of Clay
Penetration Penetration Re- Unconfined
Resistance - N Relative Density sistanceN Compress Strength Consistency
(Blow/305mm) (Blow/305mm) (KN/m?)
0-4 Rét roi <2 <24 Very soft
4-10 Roi 2-4 24-48 Soft
10-30 Chit vira 4-8 48-96 Medium
30-50 Chat 15-30 96-192 Stiff
>50 Rat chat >30 >388 Hard

% Sw twong quan giita géc ma sdt thodt nwéc véi SPT cia dit roi.

(T328-Geotechnical Engineering & Soil Testing - Al-Khafaji &Andersland)

Neo tir SPT ¢(0)
<4 25-30
4 27-32
10 30-35
30 35-40
50 38-43

% Giatri ap luc tién cé két tie CPT - Transformation from SPT Aseto o’ (from
Mayne, 1995).

(T5/13 - Engineering Properties of Soil and Rock)

SO~

T T -

. - o o E® B
o 20 fissured \,’4 ,"w e
r; 4
= _ %-Q%& -
e 1o - ch=O.47N Pa »® ;DG/ ]
o F (n=126,r%=0699, 5 - E
@ F S.D.=4.37 pg) > 3
® 5 — a N E*@ E
o
- D> —
S 2 SN -
2 B @ o - h
=] - - = ~7aED 8
s e ¥R, * =
(=3 ~ =
Pl -3 -~ = o 3
S F &R _0O 3
gL OSe—ge © —
& [ & o 1
/H
o.2 49 intact clays 4
: 2 fissured clays
o.1 e | -~ La oA . PPN B
. 0.5 I 2 S 1o 20 SO 100 200

SPT NgValue (blows/ft or 305mm)

% Nhitng thong sé bién dang

o H¢ s6 nén thé tich nhén dwoc tiv SPT (Stroud va Butler, 1975)
(T129- Hanbook of Geotechnical Investigation and Design Tables)

Trang 6-35 - (U.S.Department of Transporta-

tion, Publication No. FHWA NHI-16-072 April
2017.

Geotechnical Engineering Circular No.5; Ge-

otechnical Site Characterization).

Chi sé déo Hé s bién Gia tri my tir gia tri SPT(mv=1/f2N)
(%0) doi (2 N=10 20 30 40 50
10 800 0.12 0.06 0.04 0.03 0.02
20 525 0.19 0.09 0.06 0.05 0.04
30 475 021 0.10 0.07 0.05 0.04
40 450 0.22 0.11 0.07 0.07 0.04

e Mo dun ciia dit sét tiv gid tri SPT
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(T130- Hanbook of Geotechnical Investigation and Design Tables)
E’ thodt nudc va Ey khong thoat nudce tu gid tr1 SPT (CIRIA, 1995)

Vit li¢u E’/N (MPa) Euw/N (MPa)
Sét 0.6-0.7 1.0-1.2
0.9 (v6i g/qui = 0.4-0.1) 6.3-10.4 (v&i tmg sudt nho q/qur <0.1)
Pi yéu 0.5-2.0 dbi vdi N=60

— Eu/N=1is appropriate for footings.

—  For rafts, where smaller movements occur Eu/N=2.

—  For very small strain movements for friction piles Eu/N=3.

o Mé dun ciia dit tir gid tri SPT va chi sé déo (Industrial floors and pavements
Guidelines, 1999) (T131- Hanbook of Geotechnical Investigation and Design Tables)

Es/N Vit li¢u
35 Dat it dinh va Cat, soi, cudi
2.5 PI théap (<12%)
1.5 Pl trung binh (12%<P1<22%)
1.0 PI cao (22%<P1<32%)
0.5 PI rét cao (PI>32%)

— Ap dung doi véi nén cling
— Khong dung doi véi sét mém yéu

1.3. Panh gia cwong do cvia da o hién trwong theo gia tri SPT

( Handbook of Geotachnical investigation and Design tables — T67)

Trong qué trinh khao sat & ngoai hién trudng, c¢6 nhitng phuong phap dung dé danh gia

cudng do da nguyén trang. Phuong phap SPT 1a PP dau tién duoc sir dung dé danh gia

cuong do cua da.

Mo ta
Cuong d ‘ _ SPT - Gia tri N
Bang tay Piém dam Bua dap vao mau
Cyec thép D& bé vun bang 1 tay <100
Rét thép 60-150
Thip Bi gdy thanh nhing mieéng Vét vach sdu 5 mm 100-350
nho bang 1 tay
Trung binh Bi gay thanh nhimg miéng | g5 4 1.3 mm Dip nhe bta d& gay 250-600
khac nhau bang 2 tay
Cao Dap manh bua bi gay 500
Rét cao >1 bua bj gay >600
Cuc cao DPap vai bua bi gay - toe lira

1.4.Ung dung két qua SPT trong phén tich nén méng
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% Tinh todn méng theo két qua SPT (Theo TCVN 9351:2012 — phu luc F, T19)
% Sirc chiu tdi cho phép ciia dit dang hat (Meyerhof, 1956)

F Allowable bearing capacity (kPa)
oun-
dation Very loose Loose Medium dense Dense Very dense
width
B(m) N =5 N = 10 N =20 | N = 30| N= 40 N = 50
1 225 350 475 600
50 100
2 200 300 425 525
3 375 475
275
4 25 75 175
350 450
5 250

% Theo Dr Win Naing — Site Investigation SPT, CPT — 19 September 2010 -
Singapor
v’ Bearing capacity methods using N60:
Meyerhof, 1976 (based on 25mm settlement)
ga= Neo.Kd/F1 B<F4
ga= Neo.Kd.(B+F3)/(B.F2) B>F4
where:
Kd=1+Df/(3B) <1.33, F1 to F4 defined as Sl units:
« F1=0.05, F2=0.08 , F3=0.30, F4=1.20

» N60= average SPT blow counts from 0.5B above to 2B below the foundation
level.
v’ Bearing capacity methods using N60 (contd.):
Burland and Burbidge, 1985 (based on 25 mm settlement)
0a=2540.Ngo!4/(107.B%7°)

Where Neo= average SPT blow counts to a depth of B0.75below footing T~2.23
Parry, 1977 (based on 25mm settlement)
The allowable bearing capacity for cohesionless soil: ga=30Ne0 Df<B
Where Neo = average SPT blow counts below 0.75B underneath the footing.

v' General Terzaghi Formula

The following Terzaghi equation is used for indirect estimation of bearing capacity of
shallow footing on cohesionless soil.
quie= (GNg)+(0.5yBNYy)
where:
g = the overburden stress at foundation level (Df).
Ng= e [p.tan(f)][tan(p/4+f/2)]2  Bowles 1996
N,= 1.5(Ng-1).tan(f) Brinch & Hansen 1970

f= friction angle correlated by Hatanaka and Uchida (1996) equation, based on
SPT at foundation level.

v Peck, 1974 - Allowable bearing capacity using N1o)
0a=10.6N1(60) N21(60)=Cn.Nso

v" End bearing capacity of piles in sandy soil
q=c XN (MN/m2) q=20.88 x ¢ X N (ksf)

g = end bearing capacity of the pile; Total end bearing = q x area (p d2/4)
15



Thac st DPCCT Ngo Lé Thuy
N = SPT-N value (per 30.48cm); ¢ = 0.45 for pure sand; ¢ =0.35 for silty sand

(Martin, R. E, Seli, J. J., Powell, G. W. , and Bertoulin, M. 1987. Concrete Pile Design in Tide-
water Virginia. ASCE Journal of Geotechnical Engineering 113(6):568-585)
v" End bearing capacity in Clay (bored pile)
Shioi and Fukui (1982)
q=C.N;MN/m2 (q=end bearing capacity; C = 0.15; N = SPT value at pile tip)
v" End bearing capacity in Clay (driven pile)
Martin et al., 1987
g=C.N (MN/m2) (C=0.20; N=SPT value at pile tip)
% Xac dinh sitc chiu tai cia coc theo két qua thi nghiém xuyén tiéu chuan SPT
(Phu luc G3 — TCVN10304:2014 — Mdng coc- Tiéu chudn thiét ké)
— C0ng thuc caa Meyerhof (1976)
— Cong thic caa Vién kién tric Nhat Ban (1988)
% Sw lGn nén caa dat dang hat(Meyerhof, 1965)

Setlements may be estimated from the SPT N- value in granular soils.
The settlement estimate is based on the size and type of foundation.

Footing size Relationship for settlement
B<125m 1.99/N

B>1.25m 2.84 /N [B/(B +0.33]2
Large Rafts 2.84 g/N

®* N =average over a depth =width of footing (B).
® =applied foundation pressure.

% Xic dinh sitc khang coc theo dat nén biang thi nghiém SPT
(Theo TCVN11823-10:2017, Muyc 7.3.8.6.7 va Muc 8.3.5.2 - Tr 86, 87, 108, 109)

2. Thi nghiém xuyén con CPT, CPTu

2.1 Gidi thiéu chung vé thi nghi¢gm xuyén cén CPT, CPTu
2.1.1.Gidi thiéu chung vé thi nghigm xuyén cén CPT

Symbol Test
Jc Measured cone resistance (MPa)
Or Corrected cone tip resistance (MPa): ¢r =qc +(1 —an) Us

Net area ratio provided by manufacturer
0.75<aN < 0.82 for most 10 crE penetrometers

Ay 0.65 < aN < 0.8 for most 15 cm4 penetrometers

Fs Sleeve frictional resistance

FR

Friction ratio=Fs/qc

16
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Uo In — situ pore pressure

Bq Pore pressure })arameter — excess pore pressure ratio
=(Ug —Uo)/(0r —P’0)

Po Effectlve overburden pressure

Measured pore pressure (kPa)

AU AU=Ug—Uo
T Time for pore pressure dissipation (sec)
ts0 Time for 50% dissipation (minutes)

(T46 - Hanbook of Geotechnical Investigation and Design Tables)
Pham vi ap dung:
— Thi nghiém xuyén tinh CPT (Cone penetration test) dugc dé cap dén theo TCVN
9352-2012, AASHTO T, ASTM D3441, BS 1377 - phan 9.
— Thi nghiém xuyén tinh 13 4n vao trong dit mot dau xuyén cung v6i hé thdng can xuyén
béng luc tinh, dé xac dinh st khang xuyén cua dat.
— Két qua thi nghiém xuyén tinh duoc sir dung trong khao sat dia chat cong trinh va
phuc vu thiét ké nén moéng: 1am rd tinh déng nhat cia dia tang, dic tinh bién dang va sirc
chiu tai cua dat nén, du tinh src chiu tai cua coc don.v.v va cung cép thém céc thong tin
dé thiét ké va thi cong cac phan ngam c6 do sau khong 16n.
— Thi nghiém xuyén tinh chi sir dung trong dat dinh va ddt roi cé ham lwong cdc hat Ién
hon 10 mm nho hon 25%:
+ Xéc dinh ranh gidi cac 16p dat va bé mat 16p dat va bé mat 16p dat da ctng, xac
dinh do dong nhét cua cac 16p dat va khoanh dinh di thuong khac cua dat;
+ Xac dinh do chat cua dit loai cat;
+ P6i ching voi khoan thim do va thi nghiém trong phong dé phan chia loai dét
va xac dinh mot sd dic trung co - 1y cua cac 16p dat, phuc vu thiét ké nén méng
trong diéu kién cho phép;
+ Xaéc dinh stc chiu tai cia mong coc.
s Phwong phdp thi nghi¢m:
Thi nghi€ém xuyén tinh dugc chi ra rat rod theo TCVN 9352-2012, ¢6 2 loai thiét bi xuyén:
xuyén dién va xuyén co hoc va quy dinh cho hai loai miii ¢con: miii con di dong va miii
con ¢ dinh. Thi nghiém xuyén tinh c6 2 kiéu xuyén la: xuyén lién tuc va xuyén gian
doan.
— Surc khang don vi mili ¢6n, qe=Qc/Ac (Qc: luc tac dung thang dimg KN; Ac: Tiét
dién ddy miii con cm?).
— Ma sat thanh don vi fs= Qs/As (Qs: luc tac dung 1én bé mit ming xong; As: dién
tich ciia mang x6ng).

*,

s Dic tinh kj thudt ciia mét sé thiét bi xuyén tinh thong dung

D)
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Dic trung thidt bi Xuyén co hoc Xuyén di€én

Lién X0 cii Ha Lan Phap

Loai mili cOn Miii con di dong | Miii con di dong Miii ¢on ¢ dinh

Duong kinh miii ¢con (mm) 35,7 35,7 40,5

G6c nhon miii ¢on (0) 60 60 60

Tiét dién miii co6n (cm?) 10 10 15

Puong kinh can ngoai (mm) 37,5 37,5 45,0

Duong kinh can trong (mm) 18 15 -

Chiéu dai can xuyén (mm) 1 000 1 000 1 500

Van tdc xuyén (cm/s) 1 dén 2 2 2

Cach thirc thi nghiém Gian doan Gian doan Lién tuc

Céch thuc do ghi Gian doan Gian doan Dién, tu ghi va vé biéu d6

Dbi trong Neo Neo

Kha ning an (kN) 100 100 100

2.1.2. Gidi thiéu chung vé thi nghigm xuyén cén CPTu (Po dp lwc nwéc 16 rong)

s Pham vi ap dung:

— Thi nghiém xuyén tinh c¢6 do ap lyc nuéc 16 réng CPTu
dugc dé cap dén theo TCVN 9846-2013, ASTM D5778,

BS 1377 - phan 9.

— Thi nghiém xuyén tinh c6 do 4p luc nuée 16 rong trong
sudt qua trinh xuyén va sy ti€u tan 4p luc nudc 16 rong sau

khi xuyén.

s Phwong phdp thi nghi¢m:

— Céac b0 phan thiét bi chu yéu da dugc néu trong

TCVN9352:2012.

Trong tiéu chuan TCVN 9846-2013: = -
+ Pau xuyén do ap luc nudc 16 rdng: La dau xuyén dién c6 lip dit bo phan do ap luc
nudée 16 réng tai mii cén dé do ap luc nude 16 réng trong qua trinh xuyén.

The Pagani TG 73-200 machine

+ Ap lyc nudc 15 rdng 1a ap lyc nude do duoc trong qua trinh xuyén va dugc do bang

bd phan cam bién

+ Ap lyc thiy tinh 13 4p lyc nudc 16 rdng & trang thai tinh uo

+ Ap lyc nude 16 rong du (Ay)

— Thi nghiém tiéu tan — dbi véi trwdmg hop xuyén do ap lwe nwée 1§ rong

Khi dimng xuyén ap lyc nuéc 16 rdng du xung quanh miii con bat dau tiéu giam. Thi
nghiém tiéu tan 1a thi nghiém ghi lai sy tiéu giam ap luc nude 16 rong du theo thoi gian &
dod sau bat ky. Do ti€u tan U tinh bang % va dugc xac dinh theo cong thuc:
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U =2 =Y% 1000 (10)
Ui — U
Thi nghi€ém tiéu tdn duoc coi la két thic khi d6 tiéu tan U = 50%. Khi co yéu cau x4c
dinh ap luc thuy tinh thi thi nghiém tiéu tan duoc tién hanh cho dén khi ap lyc nuéc 15
rong 6n dinh, khi d6 coi bang ut = Uo.
— K&ét qua thi nghiém xuyén CPTu cho ta cac thong s6 sau:
+ Tong ma sat thanh, Qs + Ty stc khang, Fr

+ Strc khang xuyén dau mili, g~ + Ap luc nudc 16 réng du, Au=uz — Uo
+ Ma sat thanh don vi, fs +Heé sb ap luc nudc 16 rong, B — Au
, , q
2.1.3. Mgt so thiét bi thi nghiém CPT, CPTU ciia cdc nuwéc 9% ~%w dang

Cabie b Com puter

Eiectric Come

FPenetmmeter.
with G0 Apm\
=36 mm (10 om?)

ar
4=34 mm (15 em?)

1. Saturatien of Cone Tip Cavities
and Placement of Pre Satursted
Porous Filter Element.

2. Qbtain Baseline Readings for
Tip. Sleeve, Poramater Trans duser,

Cone Penetration Test (CPT)

per ASTIAD 5778 procedures

Sl irclinan ster

f, = sleavefriction

Readings talen
u, = porewater pressure every 10 to 50 mimt
.

; = niet ara tatio (from triaxial calibration) u=u,=
2 = i i V pressure midface

= measured tip stress of coneresistance orewater
*** i L Qi q, = comected  (behind the tip). P

< tip stress preses
1, = comected tip stress =q. + (*aju,
10-cm? Friction-Type 10-em® Standard 10-cm® Type 1 15-cm® Type 2
Cone Pencirometer Piezocone Pi Pi P

thuc hién:

Thiét bi thi nghigm CPT ciia Ha Lan:

TECHNICAL SPECIFICATIONS

Point resistance (gc)
-Accuracy
-Resolution
-Net area factor, cone
Sleeve friction (fs)
-Accuracy
-Resolution
-Net area factor, sleeve friction
Dyr ic por pr re (u)
-Accuracy
-Resolution
Tilt sensor
Weigth
Length

Nova

20, 50, 100 MPa
<0.2% FS

< 0.0025% FS
0,82

0.5 and 1 MPa
< 0.2% FS

< 0.0025% FS
0.0

1, 1.5 and 5 MPa
<=0.4% FS

< 0.0025% FS
0-40 deg.

~1.25 kg

230 mm

Classic

10, 50, 100 MPa
< 0.4% FS
< 0.08% FS
0,58

0.5 MPa

< 0.49% FS
< 0.08% FS
0.014

2.5 MPa

< 0.5% FS
< 0.08% FS
0-40 deg.
~21kg
470 mm
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\

i

> Thiét bi thi nghiém CPT ciia My:
The fully equipped system contains data and image acquisition equipment for:
hé théng dugc trang bi day du co chira thiét bi thu thap dir liéu va hinh anh gém:
- Piezocone (UCPT):
- Seismic cone (SCPT) testing
- Vision cone penetration (VisCPT) testing
- Flat plate dilatometer (DMT) testing

- Soil sampling housing

Cone Truck

=00 Seismic Cone Penetration Test (SCPT)

ASTM D 5778 and ASTM STP 1213

:'z R Surface Seismic Source (parallel with geophone axis)

f

/

Horizontally- Electronic Penetrometer
polarized :

and vertically- e horizontal geophone
propagating

4 inclinometer

Arrivals taken| f

at 1-m rod S

I
intervals f .’.‘./.-‘ T
I

Shear Wave f shear waves S
-t
’

* f, = sleeve friction resistance
Vell .
fff °
(174

G i

Penetrometer Readings '~ S
taken every 1 of 2 seconds Sesi m G = total cone tip resistance

A

|
—» Uy = porewater pressure

enlargement
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+ Seismic test are carried out to measure shear (S wave) and compression wave (P
wave) velocities in soils. The SCPT method combines the seismic test with results from
the CPTU probe, and will give you a good basis for evaluation of a number of critical soil
properties, e.g. the risk for liquefaction.

+ With the ECPT sensor you measure the conductivity of the soil while performing
standard CPTU test. Test results can be used for analysing salinity and detection of pollu-
tants.

=y
" &

Seismic cone (SCPT) testing Electric conductivity sensor (ECPT)

v National Cooperative Highway Research Programe — NCHRP Synthesis 368 —
Cone Penetration Testing - Transportation Research Board, Washington, D.C 2007.

Geomil c6 tén cii 1a Gouda, phat trién va san xuit may moc trong linh vuc khao sat dia
chat hon 80 ndm (Tt ndm 1932) va chuyén san xudt thiét bi xuyén tinh. Try s& chinh cua

[T
£

&y
¥

Geomil ¢ 14n can Gouda 13 noi phat trién va san xuét ca thiét bi CPT khao st ca trén bo
va khao sat trén bién:

— May xuyén tinh doc 1ap Fox-100, Fox-200:

— DPau xuyén tinh k¥ thuat sd (Digital CPTu): hé thdng thu dir liéu tu dong, thich
hop cho cac ting dung ¢ trén bo va ngoai khoi.

— Pau xuyén tinh dién tr (CPTu): Budng luc chit luong cao, hiéu chuan chinh xéc.
Ap suét nudée 16 rdng u dugce do bang cam bién piezometer va gia toc ké dung dé theo dbi
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d6 nghiéng theo chiéu X va Y. Pau xuyén tinh ¢ thé gan thém cam bién do nhiét do va
moi trudng hay cac dau ndi tuong thich dia chan (Seimic). Poi véi dat cing hay c6 nhiéu
thay do6i thi khong sir dung duoc xuyén tinh dién tir. So véi xuyén tinh co hoc thi xuyén
tinh dién ttr cho: S8 doc chinh xac hon va nhiéu tiry chon thong sé do hon (ap luc nude 18
rong, dd nghiéng).

— Pau xuyén tinh co hoc (CPT): phuong phap sir dung don gian, bén chic va gia
thanh thap.

2.2. Cdc chi tiéu co Iy ciia dit dwa trén két qua CPT, CPTU va twong quan giiva chiing
2.2.1. Cdc chi tiéu co Iy ciia dit dwa trén két quda CPT va twong quan giia chiing
A. Cic chi tiéu co ly va phén logi dit dwa trén két qua CPT

e Soil behavior type (SBT)

(Michael Bailey, P.G - U.S. Army Corps of Engineers, Savannah District
National Cooperative Highway Research Programe - NCHRP Synthesis 368—Cone Penetration Testing)
Source: NCHRP Synthesis 368 (after Robertson et al. 1986)

i = = ~fesensifive cloy
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10 0 ie 50 10 —
/ 7 Very, sHft — - - 3zclay — 11,12 « -
1E 9, > / fine grained I 4 w |
Q‘ = g riiits 5 / soil 4=silty clay % 100 4
o 4 / . T :
g‘, 6 ",/ /,/ ! S=clayoy sit g",
E /’( 5// ," — = =fzsandy siit -5
o P &
2 e L ——— 7=silty sand g 104
8 Zoncl"‘/-'/ Zone 3 - Clay 8
< _ .= "| | = - -8=sand to siy sand
Sensitive  * = i
coy IR L S Rl
1 et + + + - 1 + % + + - + + v
0 1 2 3 4 5 [ 7 8 10=gravelly sand 02 0 02 04 06 08 1 12 14
Friction Ratio, FR = fJ/q, (%) Porewater Pressure Parameter, B,
Source: Robertson and Campanella 1990
1000 = v k i T = 1000
~ T / = E ! ! ' N
=5 N ncreasing = = 3
- 2z \)%?nne'nmllon - "‘ N
= S, -1 e u ’
100 | =N | V
Ele S Z.» E s =
2, = Cé& i - Qo 2
E. - =% - ; )
ncreaslng_ ggrgasing ]
10§ , age 10
=3 3 7]
inemzasiy 1 nszesy /]
1 22 =
Toq 1 TS T o 0.4 0.8 12
F, (%) B,
e Theo Handbook of Geotechnical Investigation and Design Tables (T59+T63)
v’ Phdn logi dat tie thi nghiém xuyén con (Meigh, 1987 and Robertson, 1986)
Parameter Value Non cohesive soil type Cohesive soil type
Measured cone <1.2MPa - Normally to lightly
overconsolidate
Resistance, qc >1.2MPa Sand Overconsolidated
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Friction ratio <1.5% Non conhesive -
(FR) >3.0% - Conhesive
Pore pressure 0.0-0.2 Dense sand(qt>5MPa) Hard/stiff soil(O.C) (qt>5MPa)
Parameter Bq 0.0-04 Medium/loose sand Stiff clay/silt
(2MPa<qt<5MPa) (1MPa<qt<2MPa)
0.2 t00.8 Firm clay/fine silt(qt<1MPa)
0.8t01.0 Soft clay(qt<0.5MPa)
>0.8 Very soft clay(qt<0.2MPa)
Measure pore ~0 Dense sand (qt-Po’>12MPa)
Pressure Medium sand (qt-Po’>5MPa)
(ud —kPa) Loose sand (qt-Po’>2MPa)
50-200kPa Silt/stiff clay(qt-Po’>1MPa)
>100kPa Soft to firm clay(qt-Po’<1MPa)

v’ Nhiing thong sé ciia sét tie thi nghi¢m xuyén cén

Parameter Relationship Comments
Undrained strength(Cu-kPa) Cu = qc/Nk Cone factor (Nx) = 17-20
Cu =AU/Nu 17-18 for normally consolidated clays 20

for over-consolidated clays
Cone factor (Nu)= 2-8

Undrained strength(Cu-kPa) Cu =(qc —Po’)/Ny’ Cone factor (Nx’)= 15-19

Corrected for overburden 15-16 for normally consolidated clays
18-19 for over consolidated clays

Coefficient of horizontal Cn=300/ts0 t 50 — minutes (time for 50% dissipation)

Consolidation (Cn-sq m/year)

Coefficient of vertical Ch=2Cv Value may very from 1 to 10

Consolidation (Cy-sq m/year)

v’ Cwong dj ciia dit sét tiv thi nghiém xuyén con

Soils classification Approximate, gc (MPa)  Assumption. Not corrected for overburden
V.Soft C,=0-12 kPa <0.2 Ni=17 (Dt c¢b két binh thuong)

Soft Cu=12-25 kPa 0.2-0.4 Ni=17(Dit cb két binh thuong)

Firm  C,=25-50 kPa 0.4-0.9 Ni=18 (Dat qua cb két nhe)

Stiff ~ C,=50-100 kPa 0.9-2.0 Ni=18 (Dat qua cb két nhe)

V.stiff  C,=100-200 kPa 2.0-4.2 Ni=19 (Pat qua cb két)

Hard  C,>200 kPa >4.0 Nk=20 (Pat qua cb két)

v' Cwong dp ciia cdt tir thi nghiém xuyén céon

Relative density Dr(%o) Cone resistance, gc (MPa) Type @°
V.loose Dr< 15 <25 < 30°
Loose Dr = 15-35 25-5.0 30-35°
Med dense Dr = 35-65 5.0-10 30-35°
Dense Dr = 65-85 10-20 40-45°
V.Dense Dr > 85 > 20 > 450
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e  Xuyén con dién va xuyén con co hoc cho gid tri khac nhau.
Hinh sau cho ta nhitng két qua CPT khac nhau:

40

a
o

o,
o
‘ "‘?4/4:\?@
‘ ) SAND
20 t t '\ t 20 t
DENSE ‘ ™~ ~
%
SLIT-SAND \"‘%Z’ﬁ
s | MIXTURES 0| 10 SILTY SAND |
l CLAYED-SANDS | | SILTY SAND
| AND $LITS | AND SILT
- | | | SANDY AND SILTY | 6 | |
SAND CLAYS
|

GRAVELS

| Loose
CLAYEY SLIT
AND SILTY CLAY

Cone resistance (q), MPa

Cone resistance (qc), MPa

GLAY

08
0.6

N
INCREAgHy, .
G
STRENGTH

0.4

......... iy ORGANIC
SORE " wdaad.. CLAYS & MIXED 0.4
K SOILS

(o] 2 4 6

Friction ratio (FR), %

0.2

Friction ratio (FR), %

Dac tinh cua CPT va sy thay déi cuwong do doi
con dién (Robertson va Campanella, 1983)

Dac tinh cua CPT va sy thay doi cuwong do doi

Vo1 con co hoc(Schertman, 1978)

« Mot s6 diic trung co 1y ciia dit nén bing két qua thi nghiém xuyén tinh
(TCVN9352-2012 - Phuy luc E)
v' Dé chat ciia dit logi cdt dwoc xdc dinh theo strc khdng miii con gc,
v' Ty khdng F; ciia thiét bi xuyén tinh cé miii cén don giin cho dit nén viing
Ha Npi
v/ GOc ma sét trong ciia dit logi cdt dwoc xdc dinh theo sikc khdng xuyén qc

v' Luec dinh két khong thodt nwéc Cy ciia dit logi sét (p = 0) dwoc xdc dinh theo
sirec khang xuyén qc.

v' Tinh bién dang ciia dit dwa trén két qua CPT

— M6 dun bién dang (Eo = ac.0c) ciia dat nén ving Ha Nji dya vdo sikc khdng xuyén ge

Loai dat Gioi han g (10° Pa) Gia tri ac
Sét, sét pha Qc <15 5<ac<8
Chat, cung gc>15 3<0:<6
sét, sét pha qc >8 45<0c<75
Déo mém, déo chay Qc<7 3<0:<6
Bun sét W (%) <70 3<0:<6
Bun sét pha gc < 6; W (%) > 70 2<ac<4
Cat pha 10<ac<35 3<ac<b
Cat gc > 20 15<a:<3

— Gia tri Eo = (e, trong d6 Eo 1a m6 dun nén mot tryc trong phong thi nghiém, c6 don

vi do 1a 10° Pa.

0

_ It

[

(E1)
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o Cac chi tiéu co' ly cua dat va twong quan ciia chiing dua trén két qua CPT
(Thi nghiém dat hién truong va ing dung trong phan tich nén moéng tir T54 + T79)

v’ Trang thdi ciia dit cdt dwoc dwa ra béi Meyerhof

qc (kg/cm?) Do chat Dr(%o)
0-20 Rét roi <20
20-40 Roi 20-40
40-120 Chat vira 40-60
120-200 Chat 60-80
>200 R4t chit >80

v’ Trang thdi ciia dit dinh, quan hé giva dj sét va q.

(T60 — Thi nghiém dét hién truong va g dung trong phan tich nén mong)

gc (CPT) LI Trang thai
<5 >0.5 Mém
5-15 0.25-0.5 Déo cling
15-30 0-0.25 Nua cung
30-60 -0.5-0 Cling
>60 <-0.5 Rt rin

v’ Tinh thdm ciia dit dwa trén két qua CPT (Robertson)

v Tinh bién dang ciia dit dwa trén két qua CPT (Robertson, Baldi,

Campanella,...)

v' H¢ sé dp lwe ngang tinh Ko va hé sé qud co két OCR (Marchetti, Kulhawy,

Mayne, Holtz,...).

v’ Sikc khdng cit ciia dit dwa trén két qua CPT (Robertson, Campanella,

Marchetti, ...)

v' Ung dung két qua CPT vao thiét ké mong nong

e Nhirng thong s6 bién dang tir két qua CPT

v’ Sirc khdng miii cén va tinh bién dang ciia dit:
Tuong quan giita thong sd bién dang véi strc khang miii con Eo= a.qc dugc nhiéu tac
gia nghién ctru. Pac biét 1a gido su Sanglerat thudc truong dai hoc Lion Phap véi 600 cap
so sanh di dua ra két qua hé sé tuong quan a
Hé s6 twong quan o cho cac loai dit (theo Sanglerat)

Loai dat Sirc khang miii con Hé s0 o

CL-Sét it déo qc <7 kg/cm? 4<0 <6.5
7<qc <20 kg/cm? 3<q <4

gc >20 kg/cm? 1.3<a<2.5
ML-Bui bot it déo qc <20 kg/cm? 3<0. <6
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gc >20 kg/cm? 1<a <3
CH-OH Sét déo cao, rat cao qc <20 kg/cm? 2.5<q <5
MH-OH Bui bt déo cao, rat cao qc >20 kg/cm? l<a <2
OL Bui nhiéu hitu co qc >12 kg/cm? 2<0 <8
qc <12 kg/em? 0.5<a <4
T-OH Than bun va bun nhiéu hitu co qc <7 kg/cm?
50<W<100 kg/cm? 1.5<a <4
100<W<200 kg/cm? 1<a <1.5
200<W 0.4<0 <1
S cét qc <100 kg/cm? a=2
S-G Cat san chit qc >100 kg/cm? a=2-3
D4 phan 20<qc <30 kg/cm? D<o <4
qc >30 kg/cm? 1.5<a <3

(Dat nén Ha noi, cac tac gia Vii Cong Ngit, Tran Vin kiét, Nguyén Vii Tung va B3 Vian Hai)

v’ Nhitng théng sé bién dang tiv két qua CPT(Fugro, 1996; Meigh, 1987)

Thong so Twong quan Chu giai

Hé sb thay ddi thé tich, mv mv =1/ (aqc) Dbi véi dat qua cd két tir nhe dén trung binh.
0=5 d6i loai dat: CH, MH, ML
0=6 d6i loai dat: CL, OL
0=1.5 d6i loai dat: OH v&idd 4m>100% for v6i dat qua cb
két
o=4 dbi loai dat: CH, MH, CL, ML
0=2 ddi loai dat: ML, CL with qc >2 MPa

Constrained modulus, M M=3qc M=1/mv
Elastic(Young’s) modulus, E E=25qc Square pad footing — axisymetic
E=3.5qc Strip footings — plane strain

(T129 - Handbook of Geotechnical Investigation and Design Tables)

v’ Mé dun dan héi thodt nwéc ban diu ciia cdt tiv thi nghiém xuyén con

Dung trong Stre chéng diu mii con, qc Mé dun dan hdi thoat nwéc
(MPa) E’, MPa

V.loose <25 <10

Loose 2.5-5.0 10-20

Med dense 5.0-10.0 20-30

Dense 10.0-20.0 30-60

V.dense >20.0 >60

(T129 - Handbook of Geotechnical Investigation and Design Tables)

v Equations for stress-strain modulus Es by several test methods
Es in kPa for SPT and units of gc for CPT; divide kPa by 50 to obtain ksf. The N values should be esti-
mated as N55 and not N70. Refer also to tables 2-7 and 2-8.
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Soil SPT CPT
Sand (normally  consolidated) Es = 500(N +15) Es=(2to 4)qu
= 7000 = 8000
= 6000N
Sand (saturated) Es = 250(N +15) Es= Fxqc

(e=1.0; F=35)
(e=06; F=7.0)

Sands, all (norm. Consol. Es = (2600 to 2900)N
Sand (overconsolidated)

Es = 40000 + 1050N ES= (610 30)0c
Gravelly sand Es = 1200(N + 6)

=600(N +6) ; N<=15
= 600(N + 6) + 2000 ; N> 15

Clayey sand Es = 320(N +15) Es=(3to6)qc
Silts, sandy silt, or clayey silt Es = 300(N + 6) Es = (1to 2)qc
If gc < 2500 kPa use E’s=2.5qc
2500 <gc< 5000 use E's = 4q. + 5000
Where
Es(1—p)

E’s = constrained modulus = 1/mv = ——————
M= A o - 2w
Soft clay or clayey silt Es = (3 to 8)qc

(T 316 - Foundation analysis and design — Joseph E.Bowles)

v’ Equations for stress-strain modulus Es by several test methods (continued)
Es in kPa for SPT and units of qc for CPT; divide kPa by 50 to obtain ksf. The N values should be
estimated as Nss and not N7o. Refer also to tables 2-7 and 2-8.

Soil
Use the undrained shear strength s, in units of sy
Clay and silt Ip> 30 or organic Es= (100 to 500)sy
Silty or sandy clay Ip < 30 or stiff Es = (500 to 1500)s,
Again, Es,ock ~Esnc VOCR
Use smaller su -coefficient for highly plastic clay.
Of general application in clays is Es = Ksu (units of s)  (a)
where K is defined as K =4200 - 142.541p + 1.73 1% - 0.007 I3 (b)

and Ip = plasticity index in percent. Use 20% < lp < 100% and round K to the nearest multiple of 10
Another equation of general application is

Es= 9400 — 8900 Ip + 11600 Ic — 8800 5 (kPa)
(Notes: Xem ky hon tai trang 317) (T 317 - Foundation analysis and design — Joseph E.Bowles)

e Gia tri ap luc tién ¢ két tir CPT, CPTu.

m' =11 1.0 0.9

;

b ””"iff—%/’ "1 %* Figure 6-23 - Transpormation from corrected net cone
3 P —— FoZyt ®%  tip resistance to preconsolidation stress, or ¢ yield
= sop | Mactoleya:  ns 18 ¢z stress” (from Mayne, 2014)
€ S moom
2 TR (U.S.Department of Transportation, Publication No.
B 100 FHWA NHI-16-072 April 2017.
E Geotechnical Engineering Circular No.5; Geotechnical

Units: kPa Site Characterization)
o 10 10000 100000

Net Cone Resistance, q;-6,, (kPa)
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B. Twong quan giivra CPT va cdc thi nghiém hién truwong khac

s Suw twong quan giiva SPT va CPT

Soil Type Qc/N
Silts, sandy silts, slightly cohesive silt-sand mixture 2
Clean, fine to medium sands and slightly silty sand 35
Coarse sand and sands with little gravel 5
Sandy gravel and gravel 6

(Schmertmann, 1970) — (T330-Al-Khafaji &Andersland)

s Theo Dr Win Naing — Site Investigation SPT, CPT — 19 September 2010 —

Singapor
v Sw twong quan giita SPT va CPT
Soil type Mean grain size(D 50 ), mm Qc/N
Clay 0.001 1.0
Silty Clay 0.005 1.7
Clayey Silt 0.01 2.1
Sandy Clay 0.05 3.0
Silty Sand 0.01 4.0
0.5 5.7
Sand 1.0 7.0

v Sw twong quan ciia Neo Va Q

Neo= (qt/pa) / [8.5(1-1c/4.6)]

(Jefferies, M. G. and Davies, M. P., (1993), “Use of CPTu to estimate equivalent SPT N60”, ASTM
Geotechnical Testing Journal, Vol. 16, No. 4)

v Comparison of derived parameters based on CPT, FVT and Water Content

UNDRAINED SHEAR STRENGTH

Cu (kPa)

50

G 10 20 30

av CPT (Egs.11&14)
© VANE TEST (Eq.8)
oe WATER CONTENT (Eq.15)

40

-
A G -0.737 o,
o 125
* '8
G~= g~ {1.0+ 0.10 log (T)}
QC*Z cone resistance at a relative
penetration rate el
VANE
RSl
& 1.07
5., measured undrained shear
strength

WATER CONTENT (empirical relation)

log (£,) = 2.804 -.101 &

(after Tani and Craig, 1995)
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% Ap luc tién co két tir sirc chéng dau miii xuyén (Theo Mayne et al., 2002).
(T83 - Hanbook of Geotechnical Investigation and Design Tables)

Net cone stress ?: kPa 100 200 500 1000 1500 3000 | 5000

Preconsolidation
P’ kPa 33 67 167 333 500 1000 1667
pressure

Excess pore water
Au kPa 67 133 333 667 1000 | 2000 | 3333

pressure

Ghi chi: - Chi d6i v6i dat sét con nguyén dang.
- P4i v6i sét bi nit né: P’c= 2000 + 6000 véi AU= 600+ 3000 kPa.
- Gia tri nay chi ding v&i TN CPTu. Khong thich hop véi TN CPT.

% CPT twong quan vdi dit dinh
(T 172, T 175 - Foundation analysis and design — Joseph E.Bowles)

Qc= NkSu + po
Su=(qc - po)/ Nk (Nk: cone factor = 15-20)
Su = (gt - po)/ Nkt (NkT : cone factor = 15-20)

‘0

% Twong quan giira xuyén tinh va SPT
(T211 — Cdm nang ding cho ky su dia ky thudt)

Tuong quan gitta qc va N duoc tong hop theo ket qua nghién ctru cua Meyerhof,
Terxaghi — Peck — Tschebotariof va theo Sanglerat thdng ké két qua cua hang Franki, cho
ta cdc moi quan hé sau:

— Véi dat loai cat 1dn san:  gc= 0.5N (MPa)
— Véi dat loai cat: 0= 04N  (MPa)
— Véi dat loai cat pha bui:  gc= 0.3+0.5N (MPa)
— Véidatloaibuildnsét:  qe=0.2N  (MPa)
— Véi dat loai sét: gc= 0.1+0.2N (MPa)
2.2.2. Cdc chi tiéu co Iy ciia dit dwa trén két qua CPTU va twong quan giiva chiing

s Phdn loai dat Sirc khdng cdt khong thodt nwéc ciia dit loai sét, Hé sé cé két
ngang va hé sé tham ngang véi CPTu.
(Phu luc E - TCVYN9846-2013- Thi nghiém xuyén tinh c¢é do dp liec nueée 16 rong - Ding dé tham khdo)

e Phin logi dit
Viée xir dung két qua xuyén tinh dé phan loai dat hién duoc ap dung rong rai trén thé
gi61. Tuy nhién cac biéu d6 phan loai dat nay déu mang tinh kinh nghiém va chi phu hop
cho dat & cac khu vuc nhit dinh da duoc nghién ciru. O Viét Nam van dé nay chua duoc
nghién ctru day du.

e Sirc khdng cit khéng thodt nwdc ciia dit logi sét
Xac dinh strc khang cat tir két qua xuyén tinh chi pht hop d6i voi dét loai sét cd két binh
thuong va qua co két nhe.
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v/ Khi sir dung két qua ctia CPT: stic khang cit khong thoat nudc Su duge xac
dinh theo cong thurc sau:

S _9.—9%

u Nk
v/ Khi sir dung két qua ciia CPTu: sirc khang cat khong thoat nude Su dugc xac
dinh theo cong thurc sau:

S _quGW

: Ny,
o H¢ 56 co két ngang va hé sé tham ngang
v’ Hé 56 tham ngangduoc xdac dinh theo cong thirc Baligh va Levadox nhuw sau:

.
k, =—2—RRc¢
Y230,

v Hé 56 ¢6 két ngang: T két qua thi nghiém tiéu tan, hé s6 ¢ két ngang cua dét
dugc xac dinh theo cong thirc ciia Teh va Houlsby nhu sau:
T 2. /1,
Cp =——
tSO

% Twong quan giita OCR, o', va CPTu

(CPTu Tests — Cac trang 6-8, 6-11, 6-12)

e Bartlett va Alcorn nam 2004 da dwa ra:
o’plove=0.311955 [qt Iovo ]006818076

e Mayne nam 1986 da dwa ra:
6’p=0.29 qc

e Mayne va Kemper nam 1988 da dwa ra:
OCR = 0.37( (0~ 6u) / 6o )

e Sugawara va Kemper nam 1988 dd dwa ra quan hé doi véi ddt sét ¢ Nhdt:
OCR = (gt- ovo) / kovo  (2.5<k<5)

e Mayne va Bachus nam 1989 da dwa ra:
OCR = 0.38[ (AU /G'vo) — 1 ] 133

% Gia tri ap lue tién cd két tir CPTu.

(a) 100 5 (b) 100 E
E Average Trend: o' = 0.40(Au,) i E  Average Trend: o, = 0.53 (Au,) 10
F = E 30
[ Intact Clays: 5 B'i'apx% a A 30 [ Intact Clays 100
F Op/pa = 0.91(Au,/p,) %2, 02 7a b o, = 1.03 (Auy)/p,]° %%, %
10 -~ 10 k£
E=F 1 Pi E £}
& F Type 1 Piezocones o~ E Type 2
o T I Piezocones g
(=] 3 (=) L
-
T E 80 5“_55 1 ? 84 sites
611 points 884 points
& intact & intact
- o fissured o fissured
0.1 = 0.1 -
0.1 1 10 100 0.1 1 10 100
(uy-Uy)/pa (Uz-Uo)/Pa

Figure 6-24 Transformations from measured CPTU pore pressure to preconsolidation stress for clays: (a)
Type 1 piezocones, and (b) Type 2 piezocones (from Mayne, 2007).

(U.S.Department of Transportation, Publication No. FHWA NHI-16-072 April 2017.

Geotechnical Engineering Circular No.5; Geotechnical Site Characterization)
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2.3.Ung dung két qua CPT, CPTu trong phén tich nén méong

1. Surc chiu tai cho phép cua mong nong quy wdc (¢ bé rong B x4p xi bang chiéu sdu
dat méng D), doi véi dat loai sét dya vao suc khang miii con qc
(T25 - Phu luc E TCVN9352-2012)
2. Xdc dinh sikc chiu tdi ciia mong coc bang két qua thi nghiém xuyén tinh
(Phuy luc F —T27, 28,29 - TCVN 9352-2012)
3. Suc chiu tdi cua coc theo sirc khang miii xuyén tinh qc
(Phu luc G4 — TCVN10304:2014 — Mdng coc- Tiéu chudn thiét ké)
4. Suc chiu tai mong nong theo thi nghiém xuyén tinh CPT
(T227 + T 230 - Cam nang dung cho k¥ su dia k¥ thuat)
5. Xac dinh stic khang coc theo dat nén bang thi nghiém SPT
(Theo TCVN11823-10:2017, Muc 7.3.8.6.7 - Tr 87)

3. Thi nghiém cit canh VST

3.1. Gidi thigu chung vé thi nghiém VST
Hién nay c6 kha nhiéu loai thiét bi cét canh
khéac nhau, nhung chu yéu la 2 loai sau:

In
7

—  Loai nhe: doc ngay két qua Model H-60,
H-70 chi thi nghiém & do sau nho, thi

nghiém rat don gian. -

}

4. Meditla torsién
residual T_ para
casoremoldeadio.

—  Loai ghi d6 thi 1én gidy v& (Cit canh co
hoc)

)/

s Pham vi ap dung:

— Thi nghiém cit canh dugc dé cap dén theo 22TCN 355-06, AASHTO T223, ASTM
D2573.

— Thi nghiém cat canh hién truong xac dinh stc khang cit khong thoat nude cia dat,
duogc str dung cho céc loai dat dinh mém yéu, bdo hoa nudc. Thi nghiém nay khong ap
dung d6i véi loai dat thoat nudc nhanh (Pat loai cét, dat hon 16n), dat truong né, dat 1an
nhiéu manh d4, vo so. Phuong phép thi nghiém nay xac dinh mot cach nhanh chéng sirc
khang cat khong thoat nudc cua dat yéu. Dit bi cét trong thoi gian kha nhanh, nude
khong kip thoat ra nén thi nghiém dugc xem 1a theo so ¢6 UU

— Phwong phdp thi nghigm: Thiét bi va phuong phap thi nghiém duoc chi ra rat rd trong
22TCN 355-06. Thi nghiém duoc thuc hién trong hodc ngoai cac 16 khoan (An truc tiép
tr mat dét), cu ly céc diém cat khong nhé hon 1m:

D6 16n M6 men yéu cau dé cat dat: T=SuxK S,=T/K

Tri s6 K tinh don gian: K =366x10° xD?

% Tai cac nuéc Phuong tay, do 16n Mo men yéu cau dé cit dat duoc tinh nhu sau:
Sw =6 Tmad/ (7t D3) v&i H/D=2

Trong do:

+ Tmax: gid tri 16n nhit cia md men cit.

+ Sy (peak): Cudng do cét 16n nhit cua dat nguyén dang(kPa)

+ Suy (remould): Cudng d6 cat 1on nhit ciia dat khong nguyén dang(kPa)

+ p: Hé s6 hiéu chinh sirc khang cit ctia Vane. (Su (cOrr) = p Sw)
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DS

% Vane shear correction factor (Base on Bjerrum, 1972)

Plasticcity index (%) Vane correction

o | factor (n)
= B AR 5, (field) =i s, (VST) 20% 1.0
B0 X } - 30% 0.9
k: B < e 40% 0.85
§ SN e G 50% 0.75
B S~ 60% 07
S o e » 70% 0.7
4 * Pt o 80% 0.65
y ' | o | [ =< 90% 0.65
= 100% 0.65
4 @ 3 169 20 (T48 - Hanbook of Geotechnical Investigation
Plasticity Index, P1 (%) and Design Tables)
o D@ nhay St S, = Su—FVT
¢ Sur—FVT

<  Theo AASHTO T223 kién nghi sir dung cac kich thuéc ciia thiét bi cit canh

BYng 1 - C, c k¢h th-i ¢ kiGh nghbcho thiQ bbe3tc, nh*

Yau cQu §-éng kYh ChiQu cao ChiQudwy c,nhc¥t  §-éngk¥ihct
tei thiQu mm inch mm inch mm inch mm inch
A 38.1 15 76.2 3 159 0.0625 12.7 05
Loti B 50.8 2 102 4 159 0.0625 12.7 05
Acker N 63.5 25 127 5 3.18 0.125 12.7 05
H 92.1 3.625 184 7.25 3.18 0.125 12.7 05
Lot H 55 217 110 4.33 2 0.078 11 0.43
Sgib H 65 2.56 130 512 2 0.078 11 0.43
B 50 197 110 4.33 2 0.078 20 0.79
Lot N 65 2.56 130 5.12 2 0.078 20 0.79
Nilcon® H 80 3.15 172 6.77 2 0.078 20 0.79
a Egl llll_rcaél ¢ %%nlfgﬁ}(];}nc.:& cit canh lién quan truc tiép dén trang thai dét thi nghiém, dit cang yéu duong
b a%}llﬁéég)gaic Hg’lYngi _t% tln?rl%llzz H‘LI%%% ]?(%’n cgo kha nang ty tao 15. Khi dét 16p trén qua cing, can ding

c

Day 1 loai may xach tay,.tich h
fi a0) it ehe e Rnb

ung on

0.

T3 B Shap s Andrsaaniadi

Traoc moil

AL S 188

4 Pay 1a bé day trung binh. Canh cit duoc vat 2.5 mm (0.098in) tai thanh & mép dén 1.5 mm (0.059 in)

% Theo ASTM D2573 kién nghi sir dung cac kich thudc va thiét bi cit canh LPC (Phap)
(T151- Cam nang dung cho ky sw dia ky thudt) co cdac kich thuoc nhw trong bang sau:

Pic trung thiét bi cit canh theo ASTM D2573 (M¥)

Kich ¢& ong Puwong kinh D Chiéu cao H A ax Puwong kinh cin
) Bé day (mm)
chong (mm) (mm) (mm)
AX 38.1 76.2 1.6 12.7
BX 50.8 101.6 1.6 12.7
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NX 63.5 127 3.2 12.7

101.6 92.1 184 3.2 12.7

Pic trung thiét bi cit canh LPC (Phap)
(T151- Cim nang ding cho kj sur dia ky thudt)

Puone kinh canh D, mm 60 70 100
Chiéu cao canh H. mm 120 140 200
Dudne kinh cdn. mm 20 20 20
Dudne kinh dne chéne. mm 44 44 44
Hon do nedu luc Dune thanh nefu luc
Vin téc ebe auav canh 1/10 dén 3/10 d6 cho mét gidv
Khoang do strc khang ¢t Tix 0.05 dén1.0 ke/cm?
Chiéu sau thi nehiém 15-20m

Cac thiét bi cit canh dang sir dung tai Viét Nam thwong cé cac chiing loai la:
v"  GEONOR H-70: chiéu sau TNo la 10m, gém 2 loai canh cat: Vane, 60x120mm:
0-160 kPa va Vane, 75.8 x151.5mm: 0-80 kPa.

TECHNICAL SPECIFICATIONS

Installation: sledge hammer, portable rock drill or pressed down
Instrument accuracy: +/- 3% of full range
Two sizes of vanes: range of measurement from 0 to 80 kPa (0-8 T/m? and 0 to 160 kPa (0-16 T/m?

I S ™ S
e [ e
0 [ e | cwesssmioss
IR T N Ty T
I I N Sy S
I I TR I e
I S T
I S T T
I T S 7T
e [ ez

v" B9 TN cit canh dat trong ho khoan

Model: ZS5Z-1

Xuat xt: Trung Qudc

Kich thudc canh cit: D75mm x 150mm;
D50mm x 100mm

Mo men xoén ctia vong thép: 80N.m

Do chinh xac: 0.55N.m

Kich thudc can dan hudng: D30mm x 1040mm
Kich thuédce: 430x910x220 mm

Trong lugng: 40 kg
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3.2.
chang.

Mt so twong quan cua cdc tdc gid tai

Phén tich cdc chi tiéu co Iy ciia dit dwa trén két qua VST va twong quan giita

(T187, 188 - Foundation analysis and design — Joseph E.Bowles)

e Silvestri and Aubertin 1988:

Su,vh/Su,vv ~1.14t01,4

e Chandler 1988 : Sy, w / po = S1(OCR)™ (Normally consolidated clays m~0.95,

S1~0.25)
e Bjerrum 1972: Sy, design = A Sy, v

e Arman etal. 1975 and Foott et al. 1980 : Sy,v =2 qu

% Twong quan dp lwc tién cé két — Chi sé déo véi VST

Trang 6-33 - (U.S.Department of Transportation, Publication No. FHWA NHI-16-072 April 2017.
Geotechnical Engineering Circular No.5; Geotechnical Site Characterization).

AP lyc tién cb két duoc ude tinh 1a ;

I
Op

= XrySu—rv

S
o —
% =
= Cyy = FIELD  VANE STRENGTH (tsf) 2
o
a 0.02 005 [} &
@ 5000 > : 0 %
& a :
a 2} | &
3 i I _
= 4 — Q=22 17"
[ g —~
5 1000 § o ] ‘//, P
5’ 500 | g =
2 3z m |
3 R bl \a =
w 200 s ANa 3 s
& S = (RN -
2 g J° o 8w 8 s
100 @ o, = N = e .3 @

= s 8s , * Tgotag Bolo a g
& | o2& o ¥ . F AR o o
oy @ & =z g - S v V--_ 2% 5 & o
£ S B Y. S
w 20 / w

o 0.2 w

=@ / w
" wi

10 " o =
b ! 2 s o 0 0o 500 1000 - L 43 &0 80 o0
Cuv = FIELD VANE STRENGTH (kPa) 3 Ip = PLASTICITY INDEX (%)

Figure 6-26 Transformation from field vane shear

ctrannth +n nranancalidatinn ctvnce (fram Mavmna and MMitnhall 1000\

0

(T 210- Cam nang dimg cho kj sw dia kj thudt)

Figure 6-27 Relationship between aFV and plasticity index (from Mayne

% Twong quan giiva cdit cdnh va xuyén tinh:

Xuyén tinh ctia mot sb loai dit do Hang cau dudng Phap (LCPC) cho cac két qua sau:

Trong do:

(Qc- p’0)/Cu =15

(Qc-po)/Cu=12+ 14

- V6i dat bun va than bun (Qc- p’o)/Cu=9+13

qc: 12 sttc khang miii con kiéu Delf, po: 4p luc cot dat hitu hiéu, Cy: sitc khing

- Vi dat sét déo mém-déo cling:

- Vi dat bui bao hoa nudc:

cat khong thoat nuéc cua thia nghiém cat canh.

e Du bdo hé s6 OCR tir két qud thi nghigm ct cdnh:
(T 194- Thi nghiém ddt hién triwong va iing dung trong phdn tich nén mong)
Hé sd qua cd két OCR ¢4 thé dy bao duge tir Sy cta dat sét khong nit né nhu sau:

OCR ~ avst SuvsT) /67vo
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Mayne va Mitchell (1988) cho rang:

- Thong thuong: avst ~ 3.22+3.54
-0.48

- Tong quat: avst ~ 22PI

o Twong quan sirc khdng cit khong thodt nwéc
hi¢n truongS,nt va siec khdng cit khong
thodt nwéc xdc dinh bang\Vane Su,vane

(T324-Geotechnical Engineering & soil testing)
e Theo Foundation analysic and design — Joseph E.Blowles (T187 +~ T188)

— Silvestri va Aubertin (1988) vai cac loai Vane khac nhau: Sy, vi/ Su,w ~ 1.14 + 1.4

— Chandler (1988) Su,w = S1 (OCR)™ Py

Vi dat sét co két binh thu’ong m~ 0.95 (0.8 + 1.35) va S1~ 0.25 (0.16 + 0.33)

— Bjerrum (1972) d6i véi su pha hity ctia nén duong trén dat sét mém yéu: Su, deign = * Su, v
(Ip <20y 2 >1)

— Arman et al (1975) va Foott et al (1986) : Su,v=2qu
e Theo Skempton(1957) — Geotechnical properties of soil (T57):
Cucvsm/o’0=0.11+0.00037 (PI)
4. Thi nghiém nén ngang trong dat PMT (TN xuyén khéng lién tuc)
4.1.Gi6i thigu chung vé thi nghigm PMT
s Pham vi dp dung:
—  Phuong phap thi nghiém nay la thi nghiém xuyén khong lién tuc do ap lyc dat, 1a mot
thi nghiém @mg suit-bién dang tai hién truong duoc thuc hién trén thanh cua 16 khoan

bang mot may do hinh try c6 the mé rong duge ban kinh. Pé xac dinh cac két qua thi
nghiém chu yéu, phai han ché t6i da su x4o tron thanh hd khoan.

— Thi nghiém nén ngang trong hd khoan duoc str dung cho cac 16p dat roi va dit dinh
va thuc hién dugc & cac do sau khac nhau dé xac dinh déc tinh bién dang va mé dun bién
dang ngang cua dat da.

Thi nghi¢m nén ngang tai cau Thanh tri (Ha néi)

% Phwong phap thi nghi¢m:

— Thi nghiém nén ngang dugc dé cip dén theo TCXD 112-1984, ASTM D4719. M,y
thY nghiOm Menard Pressuremeter do h-ng APAGEO cua Phap sn xuEt.
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— Muc dich: Xdc dinh mé dun bién dang va ap luc nén gioi han cua dat da.

— Thi nghi€ém do 4p luc bao gom viéc dat mot may do hinh try cé thé lam phong trong
mot ho khoan san va k¢o dai may do nay trong khi do su thay doi thé tich va ap luc trong
may do. May do bi phong 1én dudi cac cap ap luc déu (Qui trinh A) hoac cap thé tich déu
(Qui trinh B) va phai dung thi nghiém khi sy chdy déo trong dat trd ]én 16n mot cach
khong tuong xting. Xac dinh duogc ap luc gidi han qui udc tir mot vai s6 doc cudi cua thi
nghi¢m va tinh médun nén ngang tir s6 doc va tinh mdédun &p luc tir s6 doc thay doi trong
qua trinh thi nghiém.

— Ap lic tYnh to,n Pc x,c ®bnh theo c«ng thac:
Pc=P+Po-Pe

Trong ®a:
Pclp ,p luc tYnh to,n
P Iu .p Iic thY nghiOm
Po I ,p Ilc thity tUnh »
Pc lu ,p l0c chuEn gel
- VI ®-éng cong quan hO gi+a ,p luc v biOn ®zi thO tYch tii théi ®iOm 60, (P,
Veo~). C,c ®-éng cong npy ®-ic sé dong ®0 x,c ®bnh Py, Ps, P, Vo, V.
- M« ®un nbn ngang ®-ic x,c ®pPnh theo c«ng thgc sau:
E,= 2.66 X (Ve+Vi) X do/dy

Trong ®a
V. In thO tYch ban ®Cu cfia budng ®o, V=537 cm?
Vi = (Vi + Vo)/2, dp=Ps - Po, dv=Vi- Vo
Ap
Ep =K Av (Trong d6 K=2.(Vc+Vm). (1+v))
May do thong thwong va kich thwée hé khoan
Puong kinh hé khoan
Loai duong kinh 16 Duong kinh may do,  Biph thuong, Lén nhat,
mm mm mm
Ax 44 45 53
Bx 58 60 70
Nx 74 76 89

4.2.Cdc chi tiéu co ly ciia dit dwa trén két qua PMT va twong quan giita chiing
o Theo Foundation analysic and design — Joseph E.Blowles (T196)
Ap lyc nén ngang Pc = (1.5 + 1.7) Suv
Strc khang cat cua PMT : Sy pmt = (1.3 + 1.5) Su, 3 truc
o Twong quan dp lyc tién co két 6’ — Chi sé déo véi PMT

Trang 6-34 - (U.S.Department of Transportation, Publication No. FHWA NHI-16-072 April 2017.
Geotechnical Engineering Circular No.5; Geotechnical Site Characterization).

Ap luc tién co két dugc udce tinh 1a: J;J — 076 (%) Inl.
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Figure 6-28 Transformation from self-boring PMT pL to Figure 6-29 Transformation from PMT undrained shear strength and rigidity index

preconsolidation stress (from Kulhawy and Mayne, 1990). to preconsolidation stress (from Kulhawy and Mayne, 1990).
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2 3 1 ] E E
8 osf S ] g osf -
2 osp - T = £ osf =]
[ B = - - a L -
- 35 int ) ] i ]
oz intoct cloys  _| 38 intact clays |
- & fissured clays ©.2 = & fissured cloys
o.1 1 | I— Las ol L a x ¥ asas o.1 P o1 1 NP e | 1
0.5 ) 2 S5 10 20 S50 100 '0_2 0.5 | ) 5 =) 20 s0
SBPMT Limit Stress )
- PLPa (sy/pg) In I, from SBPMT
>
A b ~
. Cam nang danh cho ky sw

dia ky thuat)
Mo dun cit 1a co so cua Iy thuyét nén ngang Menard.
Modun cit lién hé véi mo dun dan héi: G =E / 2(1+v)
(T34, T35- Cam nang danh cho kj s dia ky thudt)

o Theo Canadian_Foundation_Engineering
Quan hé gitra Menard modulus (Em) va Limit Pressure ( Py ) d6i véi cac loai dat nhu

Sau .
Loai dit Limit Pressure (Pr) Em/ Py
Soft clay 50-300 10
Firm clay 300-800 10
Stiff clay 600-2500 15
Loose silty sand 100-500
Silty 200-1500
Sand and Gravel 1200-5000
Till 1000-5000
Old Fill 400-1000 12
Recent Fill 50-300 12

o Duw bdo M6 dun bién dang ciia dit dwa trén két qua PMT

(Xem trong T186 - Thi nghiém ddt hién trieong va iing dung trong phdn tich nén méng)
. Duw bdo hé sé OCR va Ko ciia dit sét dwa trén két qua PMT
(Xem trong T186 - Thi nghiém dat hién truong va ing dung trong phdn tich nén méng)

4.3. Dw bdo dé lin ciia méng nong dwa trén két qua PMT

(Xem trong T186 - Thi nghiém ddt hién trieong va iing dung trong phdn tich nén méng)
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5. Thi nghiém nén ngang trong dit DMT - Dilatometer test (TN xuyén lién tuc)
5.1.Gidi thigu chung vé thi nghigm DMT
s Pham vi dp dung:

Thi nghiém nén ngang DMT tho so dau tién
dugc tht nghiém theo y tudng cua giao su
S.Marchetti (Italia, 1974) va dén nam 1980 thi
nghiém nay bat dau dugc nhiéu nude biét dén.
Ngay nay thi nghiém DMT Ia moét trong 3 thi
nghiém hién trudong manh nhat va phd bién
nhat trén thé gigi (SPT, CPT va DMT). Thiét
bi thi nghiém nén ngang (DMT) cua Hang
Studio Prof Marchetti (Italia)

- Nguyén ly thi nghiém la dung moét luc ,déy mili xuyén phang dén vi tri cép thi
nghiém. Két qua cua thi nghiém cho cac 4p suat po, p1, p2 twong tng vdi cac chuyén vi
mang thép.

— Cac két qua thu dugc tir thi nghiém DMT nhiéu hon va dang tin cdy hon so V(')'i‘ thi
nghiém nén ngang PMT (xuyén khong lién tuc). DMT la thi nghiém xuyén lién tuc, dong
thot lai don gian trong thi nghiém va hi¢u chinh.

s Phwong phdp thi nghi¢m:

—  Thi nghiém nén ngang DMT dugc dé cap dén theo thi nghiém dat hién trudng va
ng dung trong phan tich nén mong — Vii Cong Ngit va ASTM D 6635 (D 4535 dbi véi
da).

—  Thi nghiém tiéu tan ap luc nudc 16 rdng (d6i véi dat dinh): ddi voi dat co tinh
thdm kém, khi xuyén DMT s€ tao ra ap luc nudc 16 rSng du, do do6 ap luc nude 16 r5ng
16n hon 4p luc nuée 16 réng thuong U, St dung DMT c6 thé tién hanh thi nghiém tiéu tan
ap luc nude 16 rng dé xac dinh tinh thim va cac tham sb ¢ két cua dat dinh.

Test Procedure

DMT in-situ testing involves expanding membrane
by using nitrogen gas.

Plan or Foce View Profite Views

FLAT DILATOMETER TEST (DMT) 5. Owflate Ragialy

O o Lt oresurs foarrectes -
meareion Drocers forretd <5 resdne)

(O xx
"““*qn**
i H
.

; x[ i
j it
i

(a) {h)
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5.2.Cdc chi tiéu co ly ciia dit dwa trén két qua DMT va twong quan giita chiing
Bang tom tit cac tham s6 ciia DMT (T159 —TN dat hién truong..)

SYMBOL DESCRIPTION BASIC DMT REDUCTION FORMULAE
Po Corrected First Reading po=1.05(A-Zy+ AA)-0.05(B - Zy- AB) Zy = Gage reading when vented to atm.
. R 7 If AA & AB are measured with the same
1 | Corrected Second Reading | pr =B -2y - 4B gage used for current readings A & B, set
Zy =0 (Z is compensated)
In Material Index b = (P1 - Po) / (Po - U) Up = pre-insertion pore pressure
Ko Horizontal Stress Index Ko = (po - Uo) / c'o a'yp = pre-insertion overburden stress
Ep Dilatometer Modulus Ep=34.7 (p1 - po) Ep is NOT a Young's modulus E. Ep
should be used only AFTER combining it
with Kp (Stress History). First obtain Moyr
=Ry Ep, then .. E = 0.8 Mowr
Ko | Coeff. Earth Pressurein Situ | Koowr = (Ko/ 15" - 0.6 for Ip < 1.2
OCR | Overconsolidation Ratio OCRowr = (0.5 Ko)'"* forly<1.2
Cy Undrained Shear Strength Cuor =022 60 (05 Kp)'* forlp <1.2
(0)) Friction Angle Dsgrepnr =28° + 14.6°log Ko - 21°log Ko~ [for lp > 1.8
Ch Coefficient of Consolidation | Chowma = 7 €M’/ tres trex from A-log t DMT-A decay curve
kh Coefficient of Permeability Kn = Chyw ! My (Mh ~ Ko Mowr)
Y Unit Weight and Description | (see chartin Fig. 16)
M Vertical Drained Constrained | Mowr = Ru Ep
Modulus iflp< 0.6 Ru=0.14 + 2.36 log Kp
iflp=3 Ru=05+2logKp
if06<lp<3 Ry= RM‘U + (2.5 - RM:D) |Og Kp
with Ryg=0.14 + 0.15 (5 - 0.6)
if Kp > 10 Ru=0.32 + 2.18 log Kp
if Ry < 0.85 set Ry =0.85
Uo Equilibrium Pore Pressure Up=pp=C-Zy+AA In free-draining soils

5.2.1. Cdc chi tiéu co Iy ciia dit dwa trén két qua DMT
% Tir két qua doc dwgc tir thi nghiém DMT ta xac dinh dwoe cic thong sé goi la

cac chi s6 DMT:
— Chisb dat: Ip= P1-Po Chi sb nén ngang Kp = MO
Po_-_ Uo Vo)
— Mo dun DMT: Ep =34.7 (P1- Po)
. x x P,-P
— H¢ so ap luc nudc 16 rong: Up = ﬁ

Trong d6: Uo VA 6”°v: Ap luc nudc 16 rdng va ung suat ban than

< Panh gia cac tinh chét vat 1y cia dat dwa vao két qua DMT:

(T160, T161 - Thi nghiém dat hién truong va vmg dung trong phén tich nén méng — Vii Céng Ngi¥).
—  Phdn logi ddt dwa vao két qua DMT
—  Ddnh gid trang thdi cia ddt dwa vao két qua DMT
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% Ddnh gid tinh bién dang ciia dit dwa vao két qua DMT
(T163, T164 - Thi nghiém ddt hién truong va vmg dung trong phdn tich nén méng — Vii Coéng Ngik).
—  Ddnh gid M6 dun bién dang cia cdt va sét dwa vao két qua DMT
— Ddnh gid Hé s6 nén dira vao két qua DMT
% Ddnh gid sirc chong cit ciia dit dwa vao két qua DMT
(T167, T168 - Thi nghiém dit hién trudng va tmg dung trong phan tich nén méng — Vil
Cong Ngtr).
— Ddnh gid géc ma sdt trong ciia dit cdt dwa vao két qua DMT
—  Ddnh gid sirc khdng cdt Su ciia dat sét dya vao két qua DMT
% Ddnh gid hé sé6 nén ngang Ko va hé sé qud cé két OCR ciia dit dwa vio két qui
DMT
(T164 + T167 - Thi nghiém dat hién trudng va ung dung trong phan tich nén méng —
Vi Cong Ngir).
—  Ddnh gid hé s6 Ko va OCR cuia ddt sét dwa vao két qua DMT
—  Ddnh gid hé s6 Ko va OCR cua ddt cat dwa vao két qua DMT
5.2.2.Twong quan gitta DMT va cdc thi nghiém hién truwong, trong phong khéc:

¢ Loai dat dwoc xac dinh tir chi so vat li¢u dat Ip:

M0 ta dat tir thi nghiém DMT (Marchetti, 1980)

Io <0.6 0.6-1.8 >1.8

Loai vatliu DAt sét DAt bui DAt cat

(T63 - Hanbook of Geotechnical Investigation and Design Tables)

< Ap luc dat ngang tir thi nghiém DMT
Hé so ap luc dat ngang Ko (hay Kp) = Ung sudt ngang hiéu qua/ Ung suat 16p phu
hiéu qua.
Hé s6 ap lue dat ngang Ko, tir thi nghiém DMT

Loai sét Théng s6 H¢é 50 ap lwe dat ngang Ko
kinh nghiém Bk
Cong thirc 2 5 10 15
Sét khong nhay 1.5 (Kp/1.5)%4- 0.6 0.5 1.2 1.8 2.4
Sét nhay 2.0 (Ko/2.0)°47- 0.6 04 09 15 NIA
Sét bang ha 3.0 (Ko/3.0)°47- 0.6 NA 07 12 15
Sét nirt né 0.9 (Kp/0.9)%47- 0.6 N/A 1.6 2.5 3.2

Kb <2 : ¢6 thé xdy ra hién tuong trugt bé mit trong qua trinh khao sat on dinh mai doc
(Theo Marchetti et al, 1993) -(T63- Hanbook of Geotechnical Investigation and Design Tables)

+«» DMT Dissipation Tests:
(Trang 6-39 + 6-42 - U.S.Department of Transportation, Publication No. FHWA NHI-16-072 April 2017.
Geotechnical Engineering Circular No.5; Geotechnical Site Characterization).
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— Hé sb ¢6 két ngang:
5to 10 cm?

Ch =——/—/——

Tf[ex

— Rating of consolidation speed based on Tiex (Marchetti and Totani, 1989).

Tfiex (Min) Rating
<10 Very fast
10to 30 Fast
3010 80 Medium
80 to 200 Slow
> 200 Very slow

__(25)(7.5mm)? _ 14.06mm?
ChoMT = =

tso tso

+» Soils strength of sand from dilatometer testing

Description Strength Kb
V.loose Dr < 15% @ <30° <15
Loose Dr =15-35% @ = 30°-35° 1.5-25
Med dense Dr = 35-65% @ = 35°-40° 2.5-45
Dense Dr = 65-85% @ = 40°-45° 45-9.0
V.Dense Dr > 85% @ > 45° >9.0

(T64 - Hanbook of Geotechnical Investigation and Design Tables)

+» Over consolidation from dilatometer testing using the above relationship.

Ko= 1.5-3.0 2.5-6 3-8 5-10 8-20 12-35 20-50
OCR= 1 2 3 5 10 20 30

o For intact clays only

o For fissured clays OCR = 25 to 80 with KD =7 to 20

(T85 - Hanbook of Geotechnical Investigation and Design Tables)
% Twong quan véi PMT:
Theo Schmertman (1987) cho rang: Po/PL ~ 0.8; P1/PL ~ 1.2.
Theo Kalteziotis va cong su (1991) cho rang: P1/PL ~ 1.25; Epmt ~ 0.4Ep
(PvL: 1a ap luc gidi han cua PMT).
5.3. Ung dung két qua DMT vao dw bdo sirc chiu tdi ciia coc
(T170 + T172 - Thi nghiém ddt hién truong va vmg dung trong phén tich nén méng — Vii Céng Ngi).
—  Céach tinh strc chiju tai nén doc truc cia coc duc san trong dét sét cua Powell

— Tinh toan coc chiu tdi trong ngang
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6.Thi nghiém mé dun bién dang bing tim nén phingEsp
6.1. Gidi thiéu chung vé thi nghiém Egp
s Pham vi dp dung:
— Phuong phép xac dinh mé dun bién dang cta dit nén trong pham vi chiéu day
bang hai dén ba lan duong kinh tdm nén, nhdm tinh toan d¢ 1in cua cong trinh;
Ap dung cho dét loai sét, dat loai cat va dat hon 1on trong diéu kién hién truong. o)
thé ndm va d¢ am tu nhién hoac sau khi san lap va dam, nén dén do chat yéu cau.

— Phuong phap nay khong ap dung cho da, dat truong nd va dat nhiém man khi thi
nghiém ching trong diéu kién tham udt. DAt c6 tinh lin nhiéu va dot ngdt khi bi
tam w6t duoc thi nghiém theo quy dinh riéng, néu ¢ Phu luc C, D va E
(TCVN9354-2012)

o

4
v 3 |o::o 7 o::ol

e m—

In

B >

CF [=) o} )
1
CHU DAN ‘ }
1A H Al 1 Dam dinh vi Vo =ud = 7=
v ké

T 2 Lye ké

g 3 Kich —
4 Céc 606 neo vit
5 Ong vach 6
& Tam nen 4

So d6 t/bi TNo dét trong hé dao bang gia tii tinh So db t/bi TNo dit bang gia tai tinh trong LK

e

|

|

s Phwong phap thi nghi¢m:

— Phuong phép x4c dinh M6 dun bién dang bang tam nén phang duoc de cap dén
theo TCVN9354-2012, duoc xac dinh theo biéu d6 lién hé gitra do lun tim nén véi
ap luc tac dung 1én tAm nén.

— Thi nghiém dét bang gia tai tim nén duoc tién hanh trong hb dao, ho mong, giéng
dao hoic 16 khoan, dugc bd tri cac diém tham do ky thuat tr 1,5 m dén 2,0 m. TAm
nén c6 dang hinh tron hodc vudng, c6 3 loai kiéu tim nén (Dién tich tir 600+5000
cm?). Kiéu va dién tich tim nén duoc quy dinh tuy theo dét thi nghiém

— Mobdun bién dang dat E (MPa), duoc tinh toan cho doan tuyén tinh cua biéu d6
S =1(P), theo cong thtrc:

E=(1-1f) xo xd ”‘jf (1)
6.2.Cdc chi tiéu co Iy ciia dit dwa trén két qua Egp va twong quan giita chiing
» T wong quan gitra Modun bié:n dang dit Egp trong phong va hién trwong cho
dat sét pha cat khu vwc TP.Ho6 Chi Minh:
Theo tai liéu ciia Tran Xudn Tho, Nguyén Lé Du:
— Doi véi dat sét pha cdt, trang thdi déo mém, véi hé so rong trung‘binh
e = 0.6 —» Chénh léch Epp hién truong va Egp trong phong twr 2 + 4lan
— Déi véi ddt sét pha cdt, trang thdi déo citng, véi hé sé rong z‘rung‘binh
e = 0.7 —» Chénh léch Epp hién truong va Egp trong phong tir 3 + 4lan.
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> T wong quan giita Médun bién dang dit Egp trong phong va hién truwong cho
dat sét pha cadt khu viwee TP. Thai Nguyén:
Theo tai liéu cua Duong Viét Ha, Chu Van Tam, Ma Van Ngoc :
— Doi véi ddt sét pha cadt, trang thdi déo ciing, véi hé sé rong trung b?nh
€=0.85— Chénh léch Egp hién truong va Egp trong phong tir 3 +~ 3.8 lan
— Doi véi ddt sét pha cat, trang thdi nira cimg, véi hé sé rong trung bil:lh
e=0.75 —» Chénh léch Epp hién truong va Esp trong phong tir 2.7 +~ 4.5lan
Déi v6i cap ap luc cang 16n thi su chénh 1éch nay cang giam.
7.Thi nghiém mé dun bién dang va \ng suit ciia bé mit da bang PP kich phang Es
s Pham viﬁ ap dung: Thi nghiém kich phing do tmg S}lét tai bé mat da. Thi, nghiém
nay cling con dé xac dinh modun bién dang va dic trung bién dang dai han (tu bién).
% Dung cu va thiét bi: kich phang, thiét bi do dac (ap luc, bién dang, dong hd), thiét
bi cua mach
Phwong phdp thi nghiém: Phuong phap xac dinh M6 dun bién dang va mg suét ciia bé
mit da dugc dé cip dén theo ASTM D4729. Ung suat hién trudng trong khéi da duoc

lam giam di bang cach cat vao khoi dd& mot duong ranh N
P i)}
| \

vudng goc v4i bé mit cua buong thi nghiém. Do bien weswr /4 \

cHuAN g
dang do Ung suat gdy ra boi viéc giam ung suat nay. 4 \
Pit mot kich phang 1én duong ranh d6 va tao ap luc [ »zJ-.a“‘;""”‘"Sm \
cho t6i khi tri s6 bién dang do dugc & trén bi huy bo. (- |
Ung suit tic dung tro lai ndy xdp xi bang ung suat \ . , e
trong khoi da tai vi tri thi nghiém theo phuong vudng \ / o

20 MOBUN
\\ o / olém nlm‘SNe HO MAT 56
£ ETHIET B 90 B0

goc véi mit phang kich. Chat tai ting cip 1én kich \
phang va do bién dang dé xac dinh cac dic trung bién

dang ctia khoi da.
Diy kich phiang dé do, do tai bé mit

Trinh ty thi nghiém: Chuén bi bé mat— Lap dit bo chuyén doi va cac diém do —> Cit
duong rinh —»Po d6 chung __, Lap dit kich phang va thi nghiém __, Poc két qua
% Tinh toan: Xem ky hon trong quy trinh

Modun bién dang — Tinh toan modun bién dang ciing nam trong hai loai. Khi do bién
dang trén mdt phia ctia duong ranh, modun E duogc tinh todn nhu sau:

E, Ibf/in.2 (GPa) =(PLR/2AY)

Khi tién hanh do bién dang ngang vé&i duong ranh, sap xép lai phuong trinh 5 dé tinh ra
modun, E:

E, Ibf/in.2 (GPa) =K(P/AY)
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8. Thi nghi¢m Mé dun bién dang ciia khdi d4 theo phwong phap chit tii ban nén
cirng va ban nén mém
8.1.M6 dun bién dang ciia khoi dd theo phwong phdp chit tii ban nén cirng

% Pham vi ap dung:

— Két qua tir phuong phap thi nghiém nay duoc dung dé du doan su dich chuyen
trong khoi da do tai trong tir cong trinh hodc tir viéc thi cong ngadm. Pay 13 mot trong sb
cac thi nghiém thuong dugc ap dung. Cac modun xac dinh tai hién truong thuong nho
hon modun dan hoi xac dinh trong phong thi nghiém.

—  Gia tri mdédun dugc xac dinh theo két qua bai toan 1y thuyét dan hdi khi tac dung
mot tai trong rai déu (img suat déu) lén mot dién tich tron trong mot ban khong gian vo
han dan hoi va gay ra mot bién dang dung ctia moi truong ban khong gian vo han dan hoi
tai dién chat tai 13 hing sd.

— Thong thuong, thi nghiém nay dugc tién hanh ¢ nhiét d6 phong, tuy nhién cé,thé
thuc hién thi nghi€ém & cac nhiét do khac khi céac thiét bi dugc hi€u chinh hoac thay thé.

% Thiét bi:

— Thiét bj tham do ho khoan
— Thiét bi do b1en dang: thiét bi do do gidn 16 khoan va dong ho do duong kinh hé
dao, dong ho6 do bién dang bé mit.

Thiét bi gia tai: gom thiét bi tao luc va bd phan chiu ap lyc.

Hop ti trong va bo chuyén doi, ...

Tém dém dang hat

B6ng hé do

duing kinh hdm B4 bé mat hdm

Bo chuyén adi

bién dang an goi HG Khoan 16i @k ~ - Kich pridng dudng
76mm, chiéu sau 'ﬁ : | kinh khodng 1m
kmérg 6 n dk. 7 7 .
kich ptkgnq #ir B4 ké gdi biing bé tong
LAY == -

| Neo &€ do MPBX
i \\ 5 neo Ird lén cho 1 hé
1 Béu do MPBX

&g boc cao su ban
nggoai day din
Day din ciia b chuyén ddi

Blm\g kinh bé mat

* ¢ chudn bi: 1,52 Kn gk
Khung 08 o chuysn sl P \ kich phing
Bom tay

~ s cnuy Krongme hién

B6 chuyén agi — buc gocnnng khi |5p
khong thé hign I‘K)p\al b
“Chu ¥ Knong thd :;E,rg rém Iongcéc cél
hién dign tich ha

khoan Hé théng thu nhan s6 ligu Bdm thuj Iuc 69MPa

So dé ldp dat ban nén cieng So' do bé tri thi nghiém ban nén mém

% Phwong phdp thi nghi¢m:
Phuong phép thi nghiém xac djph Mo dun bién dang ctia khdi da theo phuong phap chat
tai ban nén cing dugc dé cap dén theo ASTM D4394.
Trinh tu thi nghiém: Chudn bi bé mdt chiu tdi — Ldp binh do dia chcf{ va dia hinh va
mat cat ngang cua vi tri thi nghiém —Thi cong da ké goi —» Cac diéem do —» Kiem
tra truoc khi thi nghiem — Chu trinh tao ap lyc:
— Dién tich hai mat song song ddi dién ctia budng thi nghiém phai phang va nhan.
- D4 ké gbi bang vita va céac tém,kim loai ctmg duoc lip ty vao mdi mit va hé thong
chat tai thuy luc duoc dat gitra cac tam cling.
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—  Néu d6 vdng duoc do bén trong khdi dé, can phai lap dit cac thiét bi do do gidn trong
da theo quy dinh ¢ D 4403.
— Hai mit duoc gia tai va d tai timg cdp va bién dang ctia khéi da tai bé mit hay bén
trong khoi d4 duoc do sau mdi cap tai trong. Sau d6 tinh modun bién dang.

% Tinh toan:
— Tinh m6dun E, tir d§ vOng trung binh tai tdm cua dién tich chiu tai hinh tron trén bé
mat d4 nhu sau: - (1—;12)P

2W,.R

— Néu do duoc sb liéu bién dang dudi mat da, thi tinh médun E, theo d0 vong tai mdt
di€ém nam trong khoi da bén dudi tdm cua dién tich chiu tai hinh tron nhu sau:

= M{(Z —2y1)arcsin [ R s L 2 H
R

2.7W, .R +ZZ)°-5 R?>+Z

8.2. M6 dun bién dang ciia khéi dd theo phwong phdp chit tdi ban nén mém

s Pham vi dp dung:

— Phuong phap thi nghiém nay tuwong tu nhu phwong phép thi nghiém trén (Chat tai
ban nén ctrng).

— Phuong phap thi nghiém nay duoc thiét ké dé thuc hién trong mot bu(f)ng nho nam
dudi bé mat; tuy nhién c6 thé tién hanh phurong phap nay trén bé mat néu diéu chinh phu
hop. Thi nghiém thuong dugc tién hanh song song hodc vudng goc voi truc ap luc da biet
trudce, theo tai trong thiét keé.

— €06 thé thyc hién céc thi nghiém theo thoi gian ma tiéu chuan nay khong néu ra
nhung da dugc néu trong mot ti€u chuan khac.

% Thiét bj: (tuong tu nhu phuong phap thi nghiém trén)

s Phwong phdp thi nghi¢m:

Phuong phap thi nghiém xac dinh M6 dun bién dang cta khoi da theo phwong phap chat
tai ban nén mém duoc dé cip dén theo ASTM D4395.

Trinh ty thi nghiém: (twong tu nhu phuong phap thi nghiém trén)

9. Thi nghi¢m d$ thaim nuéc caa dat, da
9.1. Thi nghi¢m do nwéc trong ho dao, hé khoan
9.1.1. Pham vi dap dung:

— Phuong phap x4c dinh d6 thim nudc cia dat bang thi nghiém d6 nudc trong ho
dao va trong ho khoan doi véi cac 16p dat co chiéu day khoang 3 m dén 5 m hoac hon, c6
m‘eit 16p ?iué:[ 16 hoac & I}Gng, thudc déi t}léng khi, khong bao hoa nudc va dugc xem la
dong nhat dang hudng vé phuong dién tham.

- T,iéu ’chuén nay ap dung cho ‘céc loai dat hat min, dat cat chtra san soi va dit san
sOi, qcc') két cau ty nhién hoac du’gc dam chat lai, trong xay dung cong trinh thuy lgi. Tiéu
chuan nay khong ap dung cho dat cudi dam va dat hon tang.
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— Péi voi dat nam dudi muc nude ngdm thi 4p dung phuong phap thi nghiém muc
nude hodc bom hut nude trong hd ddo hodc trong ho khoan, theo chi din ¢ tiéu chuan
khac.

— Phu’orn,g phap thi nghi@m xac dinh h§ s6 thém nuée cua dit bang thi nghiém do
nudce trong ho dao va trong ho khoan dugc dé cap dén theo TCVN 8731-2012.
9.1.2. Phwong phadp thi nghiém:
A. Thi nghiém dé nwéc trong hé dao theo phwong phap ¢t nwéc khong doi:

% Phuong phap cua A.K.Bondurep:

Pham vi ap dung: Phuong phéap thi nghiém nay ap dung thich hop ddi véi céc loai dat
chtra nhiéu san soi, c6 mat l6p xudt 16 hodc & tai do sau khong qua 1,5 m, khong bao hoa,
c6 tinh tham tuong d6i 16n dén 1on.

¢ Phuong phap thi nghi€ém ctia N.X. Netxterop (phuwong phap chi dinh)
Pham vi dp dung: Phuong phap nay thich hop ap dung ddi véi cac loai dat hat nho va dat
hat min chtra nhi€u san sé1, c6 mat 16p xuat 1§ hodc nam & do sau khong qua tur 1,5 m,
khong bao hoa nudc, co6 tinh tham nudce tir trung binh dén yéu.
B. Thi nghiém d6 nwéc trong hé khoan
Pham vi dp dung: twong tu nhu d6i voi 9.1.1
Thi nghlem do nudce trong h6 khoan dugc tién hanh theo 2 phu:crng phap: phuorng phap

cOt nude khong d6i va phuong phap cot nudc thay doi, tiiy thude vao diéu kién ap dung
cu the.

% Phuong phap cot nude khong d6i — PP ctia V.M.Naxberg (PP chi dinh)

)/

% Phuong phap cot nude thay doi — PP ciia G.l.Barenblat va B.1.Sextacop (PP chi
dinh)

9.2. Thi nghiém hiit nuwdc tiv cic 16 khoan.

Pham vi dp dung: dé xac dinh hé s6 tham cua dat da chira nudc ¢ cdu triic ty nhién ding
trong xay dung cac cong trinh thuy loi (bao gém ca thury dién).

Phuong phap thi nghi¢m: xac dinh hé s6 tham cua dat, d4 bang PP hit nudc thi nghiém
tir cac 16 khoan dugc dé cap dén theo TCVN 9148-2012.

9.3. Thi nghi¢m ép nwéc vao ho khoan
s Pham vi dp dung:

— Phuong phép thi nghiém ép nudc vao 16 khoan nham chi ra cac ving, déi da co
mirc do thdm nuéc khac nhau, cic bién dang tham cé thé xay ra dudi tac dung cua dong
thim & nén va than cong trinh thity lgi, thity dién va tir 6 chon céc bién phap chéng thim
hay stra chita thich hop khi can thiét.

— Thi nghiém ép nudc duoc ap dung cho moi truong cirng: da, bé tong, da xay trong
cac dicu kién dia chat khac nhau (bao hoa hay khong bao hoa nudc véi nhieu dd sau khac
nhau dudi mat dat).

s Phwong phdp thi nghi¢m:

Phuong phap thi nghlem xac dinh h¢ s6 tham cua dat, da bang PP ép nudc thi nghiém tir
cac 16 khoan dugc dé cap dén theo TCVN 9149-2012.
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10. Cac phwong phap quan trac

— Quan tric dia k¥ thudt co6 ¥ nghia quan trong trong viéc thi céng cac cong trinh
ngam 13 cac cong trinh rat “ nhay cam” véi sy thay doi voi cac tinh chat co 1y, thiy vin
ctia nén dit noi dit cong trinh xay dung.

— Quan tric dia k¥ thuat bao gdm cac phuong phap sau: do do lun, do ap luc nudc 16
rSng, do dich chuyén ngang, do do nghiéng, do vét nut, do ung Sut,. ..

— Quan tric dia ky thuat dé diéu tra, khao sat mo ta cac diéu kién hién trudong ban
dau. Cac thong sb thuong duoc quan tim 13 4p luc nuée 16 rdng, tinh thim cua dit, 6n
dinh méi ddc.

— Quan tric dé kiém chtng cac gia dinh cua thiét ké, dé diéu chinh thiét ké.

— Quan tric dé kiém tra, giam sat cic anh hudng cua thi cong, cac sd lidu quan trac
c6 thé gitip cho k¥ su c6 cac quyét dinh dung trong thi cong ma khong gip su cb.

— Quan tric c6 thé dé kiém tra chat luong thi cong, canh bado sém cac su cb c6 thé
xay ra giup k¥ su c6 cac quyét dinh kip thoi hodc so tan va xir 1y gia ¢ cac khu vuc nguy
co dam bao an toan lao dong,...

— Mot sd thiét bi quan tric dang duogc st dung: Hién nay thiét bi quan trac dia k¥
thuat chi yéu dugc cung cap boi cac hdng: Slop indicator company USA, GEOKON
USA, GTC Engineering Co., Ltd Han quéc ...

10.1. Po dé lun:

Két qua do d6 lan cong trinh dung dé danh gia, kiém chung lai 1y thuyét cua cac giai
phap thiét ké nén va mong. Pong thoi nd con lam co sd dé dua ra nhitng bién phap can
thiét phong chéng su ¢ c6 thé xay ra. Két qua do do lun con dugc xem xét két hop véi
nhirng tai liéu vé dia ki thuat va cdc tai liéu thi nghiém vé co hoc dat.

Céc cong trinh x4y dyng thudc nhitng ddi tuong sau day déu phai tién hanh do va xéc
dinh d¢ ln:

« Céc cong trinh cao tang c6 kha ning bi lin;

o Céc cong trinh nhay cam véi lan khong déu;

o Céc cong trinh dat trén nén dat yéu;

« Céc loai d6i twong cong trinh khac khi ¢6 yéu cau do va xac dinh do lun.
Do lun ctia nén moéng cong trinh can phai do mot cach hé thong va thong bao két qua kip
thoi theo chu ky, dé nhan dugc cac thong sd dic trung vé d6 lun va do 6n dinh cia nén
mong dong thoi kiém tra nhitng s6 lidu du tinh vé d6 ltn cua cong trinh cho cac loai dat
nén.
Viéc do d6 lun cong trinh can tién hanh thudng xuyén cho dén khi dat duoc do 6n dinh
vé d6 lan (téc do lun ciia cong trinh tir 1 mm trong mot ndm dén 2 mm trong mot nam).
Pong thoi viée do do lun cong trinh ciing c6 thé dimg lai néu nhu trong qua trinh do gia
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tri 6 lun theo chu ky cua cac diém do dao dong trong gidi han do chinh xac cho phép.
Trong trudng hop néu thiy cong trinh c6 nhimg diu hiéu chuyén dich dot bién (lun
nhiéu, ntt, nghiéng, truot) can to chirc do kip thoi, dé xac dinh cac thong sd chuyén dich,
tim ra nguyén nhan va mutc d6 nguy hiém d6i voi cong trinh, trén co s d6 dua ra nhiing
kién nghi va giai phap can thiét.

Céac phuong phap quan tric ltn phd bién khi do do
Itin ctia nha va cong trinh c¢6 thé sir dung mot trong
cac phuong phép sau:

— Phuong phéap do cao hinh hoc

— Phuong phap do cao lugng giac;
— Phuong phép do cao thuy tinh;
— Phuong phép chup anh. QUAN TRAC LUN

Trong thyc té san xuat, do cao hinh hoc 1a phuong phap duogc st dung phd bién nhat dé
quan trac d6 lun. Cac phuong phap do cao khac chi dugc dung nhu bién phap bb tro, khi
yéu cau d6 chinh xac quan trac khong cao hoic diéu kién thuc té khong cho phép ap dung
duoc do cao hinh hoc.

Cé4c phuong phap quan trac lan truyén thong nhu: Ban do lun ndéng (Trong thi cong
duong,...); Po ltn sau (HS khoan) bang din nd ké; Thiét bi do Lun ké (Quan tric lun
trong qué trinh thi cong dap va sau khi hoan thanh dip)

10.2. Do dp lwe nuéc 16 rong

— Quan tric muc nude dudi dat. Phuc vu tinh toan tai trong nén dat dudi day mong
cong trinh, kiém tra do ha thép muc nudc trong qua trinh bom ha thi cong téng ham,...

— Quan tric ap luc nuéc 16 rong (Piezometer) 1 qua trinh theo ddi su thay doi ap luc
nude 16 réng trong qua trinh thi cong nham canh bao nhiing riii ro c6 thé xay ra do ap luc
nuéc 18 rdng ting gdy ra sy giam cudng do cua dat.

— Théng sé tham khao dé diéu tra nguyén nhan khi c¢6 sy cb vé tuong vay.

Sy thay doi 4p luc nudc 16 rong thang du c6 thé danh gia qua trinh cb két ciia dat nén bén
dudi mong dudi tdc dung cua tai trong.

. £ Ngudn goc/ Muc dich sw
STT Tén thiét bi bonvi | 50 lugng hing san xuat dung
1 Cam bién GK 4500 Cai 06 Geokon/ USA | Do ap luc nudc
2 May Model GK-405 Céi 01 Geokon/ USA | Poc va ghi s lidu

Vibrating Wire Readout
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M@t s6 hinh anh quan tric Piezometer
Phwong phap thi nghiém:
Phuong phap thi nghiém xac dinh sy bién ddi 4p luc nudc 16 rdng tai hién truong dat ty
nhién trong xay dumg dugc dé cap den theo TCVN 8869-2011. Cac phuong phap do ap
luc nude 16 réng cua cac nude tién tién nhu: May do sach tay GK404, Piezometer day
rung tu dong,...
— Céc hé thdng do: Hé thong do ap lyc nudc 16 rdng loai hd va loai kin

Nip bao vé

I3 ghi di
—_— ‘ liku
Be dior J

(- C'ap tin hiéu

OSng PVC
L& kivean
Ong do ap

Cap tin hidu Vika
Vira bentonite bentonite
Cat —
Tl C'am bién
o — Cam bien
PP do ap luc nuwéc 16 rong loai ho PP do ap luc nwéc 16 rong loai kin

— Mat d6 bd tri hé théng quan trac: Theo tinh chat cong trinh; Theo quy mé cia
cong trinh; Theo tiéu chuan va yéu cau thiét ké k¥ thuit cua Dy an.

Quan tric:
+ Quan trac ap luc nude 10 rong.
+ Quan trac muc nudc ngam.
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Tw déng héa do dp luc nwéc 16 réng (ALNLR) phuc
vu xdy dwng cong trinh trén nén dit yéu:

Cong tac do ALNLR trong xdy dung cdc cong trinh
giao thong, thuy loi, thuy dién... Thong qua do, gioi
thiéu mot hé théng thiét bi do ALNLR tu dong, phu hop

moi trudng va yéu cau sur dung trong thi cong cac cong

trinh xay dung trén nén dat yéu & Viét Nam, duogc thiét
ké, ché tao hoan toan trong nudc, do nhém nghién ctru
cua Vién Khoa hoc va Cong nghé- GTVT thuc hién.

B6 tri cac cam bién do ALNLR tai hién truwong
Céc két qua do duoc dé biét trang thai thyc té cua dat yéu dudi cong trinh, dé kiém tra gia
tri ciia mot s6 tham sb dung khi thiét ké.
Nhiing yéu t6 anh hudng thuong gip va cach khac phuc trong qua trinh do:

+ Pau do hé ho: ap luc du chinh 13 sy khic nhau giita cao do cta nudc trong giéng va
cao d6 ctia mirc nudc ngam.

+ Pau do hé kin: hau hét cac thiét bi dau do dién va khi nén 1a do téng ap luc nuoc tai

mdt diém va bai vay ap luc du trong dat dugc xac dinh bé“tng cach tru di phén khac nhau
vé cao do gira dau do va mirc nudc ngdm xung quanh khoi cac két qua doc dugc cua
may.
Str dung két qua do ap luc 16 rdng trong dat két hop véi cac tai liéu lién quan khéc
thuong dugc s dung dé danh gia su tang do bén cit hodc d6 lan con lai trong cac diéu
kién tai da biét. Vi cac ap luc 16 rdng chi 1a mot phép do gian tiép cac dic tinh nay, nén
can phai hét strc can than dé dién giai két qua chinh x4c. Céc thong tin sau can duoc xem
xét khi hiéu chinh cac két qua do ap luc 16 rong:

+ Tong tai trong ap dung va toc do chat tai.

+ Sy dao dong theo mua ctia muyc nudc ngdm xung quanh (can cd giéng quan tric
néng va cac dau doc) tai ving xung quanh. Viéc nay 1a can thiét tai khu vuc c6 nudc thity
triéu. SO lugng va vi tri tily thudc vao dia hinh xung quanh.

+ Sy phan b ap luc 16 rdng thuce té trong 16p dit dang duoc theo ddi theo ca phuong
doc va ngang. Diéu nay thu:o’ng doi hoi phal c6 3 dau do ap luc hodc nhiéu hon tai cac
cao do khac nhau va 3 diu do hodc nhiéu hon tai cac vi tri khac nhau tinh tir tdm tai
trong.

Ap lyc nuéce 16 rong (ALNLR) lam giam stc khang cat ciia mat dat, tham chi c6 thé hoa
long, gy nén pha hoai nén dat va cac cong trinh trén né. Trong qué trinh thi cong xir ly
nén mong cong trinh, viéc xac dinh ALNLR co tac dung glup cho don vi thi cong c6 thé
tinh toan dé diéu chinh téc do dip nén, khoi lugng dap nén. Sau khi dip du tai theo thiét
ké, luc nay viéc xac dinh ALNLR nham muc dich danh gia chét lugng cua nén dat sau
khi thi cong. Do vay, viéc nghién ctru, ché tao céc thiét bi do, cac hé théng quan tric 1a
hét sirc can thiét.
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Qua nghién citu nguyén 1y, thiét bi do do nhém thue hién dé tai nghién civu, thiét ké va
ché tao c6 mot sé tinh ndng mé réng ma cdc thiét bi do cam tay nude ngodi khéng co:

- B6 sung bo nhé c6 dung luong 16n, cod thé thuc hién do lién tuc, cung cép dir liéu
theo thoi gian thyce, luu trit dit 1iu trong thoi gian dai, cho phép 1ap ngan hang dir
liéu ALNLR trng dung véi cac cong trinh khac nhau trong ting khu vuec;

— C6 kha nang tinh toan dua ra két qua cudi cung theo ap suat (kPa) truc tiép, giam
thoi gian xur 1y dir liéu, do do, tiét kiém dang ké thoi gian va chi phi thi cong cong
trinh.

— Ngoai ra, thiét bi do con c6 kha nang truc tiép hodc gian tiép két ndi vai may tinh
qua cac thiét bi truyén dan theo cac phuong thitc GPRS, 3G, Wifi, Internet...

Do ap luc nudce 16 réng két hop véi két qua quan tric 1an va toe do gia tai tai hién truong
c¢6 thé dugc sir dung phan tich danh gia qua trinh cb két ctia nén dat. Mot sé két qua do
khac ding dé (kiém tra chéo) xem trang thai thuc té clia cong trinh c6 gan véi trang thai
tinh toan khi thiét ké khong dé quyét dinh cac bién phap khan cap tai hién truong (ngiing
dap hoic gid bét dat, hodc thay d6i toc do dip).
10.3. Do dich chuyén ngang ciia céng trinh:

— Theo d&i do dich chuyén ngang, hudng va toc do dich chuyén ngang ciia coc vay,
tuong vay hodc dat trong ving anh huéng cua cong trinh nham danh gia mirc do, du bao
dién bién cua cac dich chuyén, tir d6 c6 cac giai phap xir 1y cho nhitng van dé vé dich
chuyén ngang giy ra.Thong qua quan tric & hién trudng, cé thé so sanh sb liéu véi ly
thuyét tinh toan dong thoi téng hop kinh nghiém vé thiét ké va thi céng cho cac cong
trinh trong tuong lai.

— Thiét bj Inclinometer dugc dung dé do dich chuyén ngang nhd mot dau do duoc
két ndi vai thiét bi thu s6 lidu, dau do sé dugc kéo doc theo dng do nghiéng tir day 1én t6i
dinh 6ng. Ong do nghiéng duogc lip dit trong 16 khoan cho sin trong tudng vay hoic
trong dat. Mot s Gmg dung dic trung cia né nhu sau:

+ Xéac dinh duoc khu vuc ¢6 su trugt & dat.

+ Quan trac chuyén vi ngang cia dap dat, nén dap trén dat yéu, hd dao sau hodc
tunnel.

+ Quan tric d6 dich chuyén cua coc vay, tuong vay, hodc tuong chin dit.

— Tiéu chuan ASTM D6230 “Standard Test Method for Monitoring Ground
Movement Using Probe-Type Inclinometers”, AASHTO T 254: "Installing, Monitoring,
& Processing Data of the Traveling Type Slope Inclinometer”.

—  Nguyén Iy do va xir Iy sé liéu: Tha dau do dén day 6ng, nhitng gia toc bén trong
dau do s& xac dinh duoc gbc nghiéng cua mdi doan 0.5m, kéo dau do 1én 0.5m do doan
dng tiép theo. Qua trinh do 14p lai dén khi hét chiéu dai dng .
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thaiduonghe. v

—  Thiét bi Inclinometer g5m co 4 bo phdn chinh nhw sau:

+ éng vach casing co thé dqu lam béng nhua déo, nhom hop kirp, so1 tl}ﬁy tinh hgéc
thép. N6 c6 cac duong ranh dé dinh hudng cho dau do, va dugc lap dat gan nhu thang
ding.

+ Pau do ¢6 bo cam bién trong luc.

+ B0 thu s liéu.

+ Day cap dién tir két ndi dau do véi bo thu sd licu.

+ B0 hién thi cAm tay co thé két ndi Bluetooth.

Cdc bé phén ciia thiét bi Inclinometer ciia hang Geokon.

e )

thaiduonghe.vn

DPé do chuyén dich ngang nha va cong trinh co thé sir dung riéng biét mdt trong

cac phuong phap quan tric lun cong trinh sau hodc sir dung két hop mot s phuong phap
Sau.

— Phuong phép hudng chuén;
— Phuong phap do géc — canh.
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Po chuyén dich ngang theo phuong phap hudng chuan: thuc chét 1a do khoang cach tir
cac diém kiém tra dén mat phang thang ding (hudng chuan) tai cac thoi diém khac nhau
bang phuong phép do gdc nho hodc phuong phap bang ngam di dong. Trong truong hop
khong thé thanh 1ap duoc hudng chuan dé quan trac chuyén dich ngang can st dung mat
s0 phuong phap sau:

+ Phuong phap giao hoi goc, giao hoi canh hodc giao hdi goc — canh;

+ Phuong phap tam giac;

+ Phuong phap dudng chuyén da giac.
10.4. Do dj nghiéng cong trinh:
Xéc dinh céc gia tri nghiéng, 6 chuyén dich tuyét d6i va trong dbi ctia cong trinh so véi
trang thai ban dau.
Pénh gia kha niang lam viéc, d6 on dinh ctua nén moéng cong trinh trong qua trinh xay
dung va khai thac st dung sau nay.
Tim va phat hién sém su chuyén vi nguy hiém, trén co s& d6 dwa ra cac giai phap phu
hop nham phong ngtra cac su c6 c6 thé xay ra.
Tuy theo diéu kién cu thé cta khu vuc, chiéu cao cua cong trinh va do chinh xac can thiét
deé lua chon cac phuong phap do dd nghiéng sau day:
- Phuong phép toa dg;
- Phuong phép do goc ngang;
- Phuong phép do géc nho;
- Phuong phép chiéu dimg;
- Phuong phép do khoang thién dinh nhd.
Do nghiéng cia cong trinh trong giai doan khai thac sir dung xuat hién do nhiéu nguyén
nhan: Do tac dong cua tai trong, tdc dong cua gio, do anh hudéng cua do lun khong déu.
Vi vay viéc xac dinh do nghiéng cua cong trinh trong giai doan nay can phai dugc thuc
hién 1ap di 1ap lai theo cac chu ky dé theo doi va danh gia su phat trién cua né theo thoi
gian. Chu ky do duoc chon dai hay ngan tiiy thudc vao toc do phat trién ciia do nghiéng
va do co quan thiét ké hodc Ban quan ly cong trinh quyét dinh.
10.5. Po vét nirt cia céng trinh:

— Viéc do c6 hé théng sy phat trién cia cic vét nirt ngay tir khi ching xuét hién trén
két cau nha va cong trinh nham danh gid cac dic trung vé bién dang va muc do nguy
hiém do61 voi qué trinh st dung cong trinh.

—  Khi do vét nirt theo chiéu dai can tién hanh theo cac chu ky ¢d dinh, danh dau vi
tri va ngay quan trac.

— Khi do vét nt theo chiéu rong can phai sir dung cac dung cu hodc thiét bi chuyén
dung, ddnh dau vi tri va ngay quan tric lin cong trinh cia cac chu ky.

— Khi chiu rong cua vét nirt 16n hon 1 mm can phai do chiéu sau cua no.
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10.6. Po bién dang bé mat ciia cong trinh
Cac bién phap do bién dang bé mat bao gom: do sy co gidn trén mit bing gidn ké
(extensometers); do dich chuyén nghiéng theo chiéu sau (tiltmeters); do su chuyén dong
trén mat dat bang cac phuong phap khao sat dia hinh nhu: do cac mat cit ngang, do theo
mang ludi, do bang may toan dac dién tu ty dong hodc may quet laser tir phia dbi dién
mai doc, theo ddi cac mbc GPS, theo ddi cac méc GNSS tir vé tinh (Hinh 1).

Chi tiét cac bién phap do bién dang bé mit duoc mo ta nhu dudi day.

(1) Phuong phdp gian don dé do si chuyén dich

Mot trong nhitng phuong phap don gian nhat dé xac dinh chuyén dong cia truot I
dat 1a dong cac coc doc theo hudng chuyen dich cua khoi truot Vit ngang qua cac vét
nat, trén cac coc c¢b dinh mot thanh go ngang va cua roi thanh go 1 khoang cb dinh,
khoang cat twong g Vi vi tri co vét nat cia mat dat. Bat ky su chuyén dich nao (co,
gidn) s& duoc quan trac bang cach do khoang cach ho giita phan cua cua thanh gd ngang
(Hinh 2).

(2) Gian ké (Extensometer)

Gian ké dugc st dung dé do su chuyen dich bang céch so sanh su co-gian giira hai
diém. Gidn ké thuong duoc lap dat vat ngang qua cac vach trugt chinh, vét nit ngang ¢
khu vuc chan hoic phan truéc cua khéi truot va song song vé&i hudng dich chuyén.
(Hinh 3). Gian ké s& ty dong ghi lai sy dich chuyén cua nén dat theo thoi gian, phép do
nén cai dt khoang 0.2mm/lan ghi. Song song véi viéc lap dat gidn ké, thiét bi quan tric
nuéc dudi dat, thing do luu lwong mua cling nén lap dat gan ddy. Muc tiéu Ia thiét lap
dugc quan hé sy dich chuyén - luong mua - dia chét thiy vin theo thoi gian va qua d6
phan tich, du bao, canh bao kha ning, mirc do xdy ra trugt |& dat (Hinh 4).

Vackh truet chini - TuvéEn khao sar
* trung &

Vét cura

—t— Phwons oh 2 & do swr chuvén dich
= o dich nghiéng theo chidn sau
P hao shat zt.r-u Phuromng
¢ ¥ Co6 thé bo iy vao diéu kien cu thé

Hinh 1: Vi du vé bé tri thiét bi khdo sat quan trdc bién Hinh 2: Phwong phdp giin don dé
dang bé mgt quan trdc bién dgng bé mgt
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Hinh 3: Mb hinh ldp dat gian ké Hinh 4: Két qud quan trdc bang gian ké
(3) Khdo sét su bién doi bé mat bang mdy toan dac dién tir (Total station)
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May toan dac dién tir dwoc dat ¢ phia d6i dién mai déc nghién ctu, vi tri on dinh
khong c6 su dich chuyén nao. Trén mai déc nghién ciru dit cac co guong tric dia trong
pham vi quét ciia may. May toan dac duogc cai dat ché do quét tu dong, bat diém bang tia
laser c6 thé lién tuc hoac 30phut, 1gid.../1an va ghi lai toa d6 hién tai cua cac diém khao
sat, qua d6 xac dinh duoc su dich chuyén, hudng dich chuyén cua bé mat mai déc.

(4) Hé thong vé tinh dinh vj toan cau (Global Navigation Satellite System - GNSS)
GNSS la mét cbng nghé hién dai dugc sir dung trong khao sat, nghién ciru va theo
ddi rui ro do truot 1¢ dat trong thoi gian gan day va cho két qua tin cdy, thanh céng cao.
V& nguyén ly 1a trén mai dc khao sat, lip dat cac mbc GNSS va sir dung tin hiéu vé
tinh dé ghi lai toa d6 ba chiéu cua cac mébc nay. Qua d6 xac dinh dugc su dich chuyén,
hudng dich chuyén caa bé mat mai déc.
11. Cac phwong phap tham do dia vat ly
Cong tac tham do dia vat 1y dugc két hop véi khoan nham nghién ctru chi tiét hon
dic diém dia chit khu vuc trén co s& phan tich céc s6 liéu do vé van tbe truyén song dia
chén, dién trd suat cua dat da,.... Thong thuong dé giam gia thanh khao sat cong tac dia
vat Iy duoc tién hanh trude cong tac khoan va két qua do dia vat 1y duoc st dung 1am co
s dé bo tri mang ludi va chiéu sau cac 16 khoan tham do,... Cac phuong phéap tham do
dia vat 1y hay duoc str dung la: Cac phuong phap dién trg, PP dia chan, PP do Karota cac
10 khoan,...

11.1.Cdc phwong phdp dién tré (Mt cit dién, do sdu dién)

Gidi thiéu chung: Phuong phap tham do dién trd 1a phuong phap dia vat 1y nghién
cuu su thay ddi dién tré suét cua dat da khi co dong dién mat chiéu (hoac xoay chiéu tan
s6 thap) di qua. Phuong phép thim do dién tré dé giai quyét nhiém vu diéu tra dia chat;
khao sat, danh gia, tham do khoang san co ich; dia chat méi truong; tai bién dia chat; dia
chét thuy vin; dia chat cong trinh va cac linh vic khac. Phuong phap nay duoc chi ra rat
ro trong TCVN9432:2012.

A. Po mit cit dién tré:

+ Can ctr vao nhiém vu cua dé an, dac diém dia chat, chiéu sau thé nam cua doi
tuong can nghién ctru va diéu kién cong tdc dé€ lya chon cac dang do mat cat dién trd,
kich thudc thiét bi thu, phat, mang ludi do dac va may do thich hop.

+ Cac phuong phap mit cit dién tré d6i xting bao gém: cac hé thiét bi ddi xing
AMNB, d6i xtmg phuc tap AA'MNB'B, mit cit ludng cuc ABMN duoc st dung dé giai
quyét cac nhiém vu do vé& 1ap ban do dia chat ké ca diéu tra theo tuyén véi ty 18 1:10.000
va 16n hon. Can cit vao yéu cau chiéu sau khao sat dé liwa chon khoang cach AB cua thiét
bi AA'MNBB' phu hop. Cac thiét bi AMNB va ABMN vdéi khoang cach gitta cac dién
cuc phat (Ias) va khoang cach gitra tam cua ludng cuc phat AB va ludng cuc thu MN
(loo") béng 200 m va nho hon dugc st dung dé diéu tra & cac chiéu siu khong 16n, mat
cit dién - dia chat tuong ddi don gian. Khi cac diéu kién dién - dia chat tuong doi phuc
tap phai ap dung thiét bi AA'MNB'B hoic ABA'B'MN.
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+ Cac phuong phap mit cit dién tro lién hop, ludng cuc va cac bién thé cua
phuong phap gradien dugc ing dung cho cac muc dich danh gia, khdo sat va tham do céc
khoang san c6 ich (cac than quang sulfur, caic mach pecmatit, thach anh, cac via than
v.v...) va do v& ban db chi tiét.

B. Phuwong phap do sau dién tré.

+ Phuong phap do sdu dién trd (DSDT) nghién ctru su thay d6i cua dién tr sut
biéu kién theo chiéu sau tai mot diém do trén mat dat béng viéc mé rong dan kich thuéc
ctia hé dién cuc dé tang dan chiéu sau nghién ctru.

+ Phuong phap DSDT dugc tién hanh & moi ti 1& cua cong tac diéu tra dia chét, dia
chét thuy van, dia chét cong trinh; danh gia, khao sat va tham do khoang san c6 ich, nudc
dudi dat, nuée khoang, nudc nong; dia chit méi truong, tai bién dia chat; khao st thiét
ké cac cong trinh xay dyung, thuy dién, thuy loi va cac linh vuc khéc.

+ Diéu kién thuén loi dé ap dung phuong phap PSPT: Cac d6i trong nghién ciru
c6 dang nam ngang hodc gan nam ngang (goc nghiéng cla cic ranh gidi dién - dia chat
nho hon hodc bang 20°); khong co cac tang chin (tang co dién tré suat biéu kién qua cao
hodc qué thdp) nam & trén doi tugng nghién ciru.

+ Céac phuong phap do sau dién trd sir dung cac hé thiét bi thong dung sau: do siu
dién tro doi xtng, do sau ludng cuc. Tuy thudc vao do sau, hinh dang, thé nam, kich
thude cua dbi tuong nghién clru va dac diém dia dién cua lat ct dia chat dé luya chon hé
thiét bi do phu hop.

11.2.Cdc phwong phdp do dia chin

Gidi thi¢u chung: Phuong phap dia chan, dua
trén sy lan truyén cia song dan h01 trong dat da,
nhdm xac dinh cac tham s vé cdu trac moi
truong, cac tham so lién quan truc tiép t6i tinh
chat co 1y va két cu cua dat da trong thé nam
tu nhién.

Equipment and instrumentation for down-hole survey

) So dd b tri thiét bi thi nghiém dia chan
Nhitng nhiém vu dia chat ciia phwong phap:

Kha nang giai quyét nhiém vu ctia phuong phap dugc xac dinh theo diéu ki¢n dia chat,
dia chét thuy vin, dia vat 1y ciing nhu ty 16 khao sat va diéu kién thi cong cu thé:

+ Xac dinh ranh gioi glu’a cac 16p dat da co thanh phan va tinh chat co ly khac
nhau( chleu day phong hoa, tang phong hda manh, phong hoa trung binh, yéu..da gc nit
né, da gbc nguyén dang...).

+ Xéc dinh do1 dut gay, doi1 pha huy kién tao, hang dong, nut né cacto...
+ Xéc dinh bé mit gwong nudc ngam.
+ Xéc dinh cac tham s6 dan hoi va co 1y cua khdi dat da trong thé nam tu nhién.

+ Xac dinh tuong quan thyc nghiém glu’a cac tham s truyen song Vo1 cac modul
dan hodi Ed, hé sb Poisson... voi cac tham s6 vt ly khéc, voi cac tham so DCCT (hé sb
bién dang, mat do, do rong, do am va cac tham sb c6 quan hé véi cau tric dat da khac.
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Pham vi urng dung:

+ Po v& ban dd DCCT ty 1€ 1:10000 va nho hon ( nhu khao sat thuy dién, cong
trinh xay dyng 16n) chu yéu dung phuong phap song khuc xa, b6 tri mang ludi gdbm cac
tuyén doc mat cit va cac tuy€n ngang mat cat dé lién két theo dién nghién ctru. HE quan
sat Iya chon theo ciu triic dia chat, 46 sdu nén d4 nguyén dang du kién.

+ Khi 14p mit cit dién hinh cho do v& ban dd PCCT va cho cé4c cdng trinh xay
dung co6 thé dung phuong phap song khuc xa, chiéu séng, do 16 khoan, do ham 10. ..
Tuyén nghién ctru du dai va trung tuyén lap mat cat dia chat.

+ Khi do v&i nhiém vu cung cdp tai liéu twa cho cac phuong phap khac thi thuc
hién cac tuyén tham do diém( tuyén ngin 200-500 mét), rai rac trén dién nghién ciru trén
co sO thdng nhit v&i cac dang cong tac khac nhu khoan, ddo, thi nghiém co 1y va cac
phuong phap DVL khéc.

+ Khi tién hanh trén ving lay, ngap nudc xir dung phuong phap nd xung dién
Boomer, Spacker( hién chi c6 & Lién doan vat 1y dia chat).

+ D9 sau khao sat phu thudc nhiéu vao cuong do nguén phat: Bua dap : do sau
khoang 35 mét; Ngudn nd, may rung (chi cé & lién doan Vat 1y dia chat) co6 d6 sau nghién
ctru 16n hon.

— Thiét bi mdy méc:
+ M4y do dia chin MARK—6 do Thuy dién san xuat.
+ May do dia chain GEODE-24 do My san xuat.
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Thi nghiém séng truyén xudng hé khoan Thi nghiém séng xuyén ho khoan

< Soéng truyén xudng ho khoan
Thi nghiém Song tru),/én xuong (Seismic Down-Hole Test) dugc dung nhiéu ¢ Viét Nam.
No6 dugc mo ta chi tiét trong tiéu chuan ASTM D7400-08 cua M¥.

< Soéng xuyén giira cac hd khoan

Thi nghiém Séng xuyén (Seismic Cross-Hole Test) dugc md ta chi tiét trong
Chuan D4428 | D4428M-14 ctia My.
Y
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Thac si DCCT Ngo Lé Thuy

Tai Viét Nam cac khdo sat du an nhi¢t dién c6 dua yéu cau do thi nghi¢ém Song xuyén,
tuy nhién cac co s¢ do dac thi lung tung vi khong c6 dugc nguon phat song ngang trong
hé khoan.

Suspension PS Logging
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Thi nghiém séng truyén 1én hé khoan Thi nghiém séng trong hé khoan

% Soéng truyén Ién hé khoan

— Thi nghiém Soéng truyén 1én hd khoan 1a Thi nghiém Séng truyén Ién (Seismic
SPT-Uphole Test) bé tri day thu GP theo budc thu 2 - 3m trén mat dat theo tuyén qua hd
khoan, va ding bua ctia tham ké dé g6 vao ddy hd dé tao song SV (Shear Vertical).

— Phuong phédp dugc hinh thanh dya trén dung nguén song 1a bua tham ké SPT nén
dugc goi 1a SPT-Uphole. Tuy nhién néu c6 nguon phdat song ngang  trong hé
khoan chuyén dung (thuorng la phat song SH), thi viéc do song truyén 1én v&i ngudn nay
s& thuan loi va két qua dong nhat hon dang do séng truyén xuong.

< Séng truyén trong hé khoan

Song truyén trong ho khoan (Inhole Test) 13 phuong phap thi nghiém do Park Chul-Soo,
Jung Jae-Woo va Mok Young-Jin & Kyunghee University, Han Qudc dua ra. Tuy nhién
khong tim dugc tu liéu chi tiét.
V& nguyén tic, quan sat séng truyén trong hé khoan néu trong PS Log dudi day 1a day du
va hop ly.

Suspension PS Logging
Suspension PS Logging hay PS Log 1a hé théng do thi nghiém dja chin véi dang song
truyén trong hé khoan, trong d6 ngudn phat song va cac dau thu duoc cb két thanh mot
dau do dé tha vao ho khoan. Khi h6é khoan sau trén 50 m thi cac thi nghiém song truyén
xuong Va séng truyén 1én gap kho khian do ngudn song yéu, cling nhu cac duong tia song
qua dai s& gay sai so tich lity 1én két qua do.
Hé théng do dugc cic nha nghién ciru cia OYO Corporation (Nhat Ban) phét trién vao
gitra nhiing ndm 1970.
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Thac st DPCCT Ngo Lé Thuy

B Mt s6 nhan xét va kién nghi khi sir dung cac phwong phap trong phan tich dia ky
thuat va thiét ké cong trinh:

Céc PP thi nghiém hién truong 1a mot trong nhing PP thi nghiém tai chd nham xac dinh
cac dic trung cua nén dat hoac dé:

— Dbi véi yéu cau vé khao sat DCCT cho thi céng mong coc thi khoan 1ay miu két
hop xuyén tiéu chuan, thi nghiém trong phong, thi nghiém xuyén tinh, la nhirng cong tac
khao sat chinh, khong phu thudc vao tam quan trong cua cong trinh va loai méng coc.

— Dbi voi cc cong trinh thude tim quan trong cao va trung binh thi ngoai cac yéu
cau trén nén bd sung cac thi nghiém dat nhu thi nghiém nén ngang, thi nghiém khang
chan va thi nghiém coc ngoai hién truong.

— Dai véi cong trinh xay dung 1a cac nha cao ting thudc tAm quan trong cao va céac
cong trinh ¢6 phan ngﬁm séu néu can thiét c6 thé bd sung cong tac thaim do dia vat 1y dé
lam chinh xac hon ciu tao nén dat giita cac hd khoan, xac dinh chiéu day cua cac 16p dat
yéu, chiéu sdu myc nudc, huéng va van tdc chuyen dong cla nudc ngam, con trong
nhing viing c6 casto - d6 sau phan bd tang d4 va dat casto, mirc d6 nit né va casto hda.

— Thi nghiém thir coc, tim nén va nén ngang, theo nguyén tic, tién hanh ¢ khu vuc
duoc chon lua trén co sé két qua khoan (xuyén) khdo sat ¢ vi tri ma diéu kién dat dic
trung nhét, mong chiu tai l6n nhat va ca & noi ma viéc ha coc theo diéu kién dat con chua
rd rang.

— Viéc thir dat bang tai trong tinh mot cach hop 1y 1 thyc hién bang tdm nén hinh
xoan oc vai dién tich 600 cm? trong hé khoan véi muc dich xac dinh mé dun bién dang
va lam chinh x4c thém hé sé chuyén ddi trong cac tai liéu tiéu chudn hudng dan hién
hanh giita m6 dun bién dang cua dat va so liéu thi nghiém xuyén va nén ngang 15 khoan.

— (Cong tac thi nghiém hién truong 1a hang muc quan trong khong thé thiéu duoc
trong qué trinh khao sat dia k¥ thuat dé xay dung hdm qua nui.

1. Thi nghiém SPT:

- Uu diém cua SPT la gid thanh thdp, thao tdc don gidn va két qud thi nghiém phdn
dnh khd chinh xdc trang thai ciia dat nén. SPT ¢é kha néng tién hanh & do sau 1om va ldy
dwoc mau lén, diéu do khéng c6 6 xuyén tinh.

- Gia tri N30 thu dugc tir thi nghiém SPT thudng duoc sir dung dé tinh toan strc chiu
tai cia mong coc, danh gia trang thai cua dat, bén canh chi tiéu do sét duoc xac dinh
trong phong thi nghiém. Nhin chung thudong c6 d6 vénh nhé khi danh gia trang thai dét
theo hai chi tiéu nay, cac k¥ su khi thiét ké thuong co6 xu huéng tin tuéng hon vao thi
nghiém SPT do n6 dugc thyc hién truc tiép tai thuc dia, it bi anh hudng boi cac yéu to
chu quan.

- Khong thé noi SPT chi chinh xac khi thi nghiém trong dét cat ma khong chinh xac
trong dat sét, chi don gian 13 trong dat cat khéng lay dugc mau nguyén dang va cling
khong thé thi nghlem dugc chi tiéu do sét nén bat budc phai lay gia tri N30 dé danh g1a
trang thai cta dat. Tham chi khi thi nghiém SPT trong 16p cat nam dudi muc nudce ngam,
két qua thu duoc s& phai hiéu chinh do cat dé thoat nude 1am ting do chit cuc bd quanh
mili xuyén.

59



Thac st DPCCT Ngo Lé Thuy

- Thi nghiém xuyén SPT: truong hop thi nghiém trong tang san, soi, cudi hodc da
phong hoa thi dau xuyén s& duoc thay thé bang chuy xuyén (Cone 600).

- Hiéu chinh gia tri SPT: Tty theo mirc d6 quan trong ciia timg cong trinh va dia tang
dja chét tai khu vuc, cho théy viéc phai hi¢u chinh gia tri SPT la can thiét, nén co thé ap
dung nhu sau:

+Ddi vai dat dang hat: nén hi¢u chinh theo myc 1.1.2 — phﬁn b.
+ Pbi véi dét binh thuong: nén hiéu chinh theo muc 1.1.2 —phan ¢, d, e, f.

2. Thi nghiém xuyén con CPT, CPTu

- CPT cung cép tinh trang dia chét, ap luc nude ngém,...c() thé duoc ghi nhan lai va
truyén vé may tinh qua hé thong day cap hodc mang khong day (wireless) dé xur 1y. Khac
voi thi nghiém xuyén SPT xuyén CPT co nhiéu ddc diém néi tréi hon vé mirc dé chinh xdc
va dcfy dii cua dir lidu vé dac diém dia chat khu vue dwoc tién hanh do dac.

- Thi nghiém xuyén tinh hodc goi 1a xuyén con 1a phat minh ndi bat ciia nguoi Ha Lan,
glup ngum thiét ké va xay dung cong trlnh trén toan thé gidi hiéu nhanh dic diém ving
dat va ndm duoc cac yéu cau toi thiéu vé ving dit.

3. Thi nghiém cit canh VST

Gid tri sikc khang cdt ciia dat (Su hay qu) thu dwoc qua thi nghiém cdt canh VST hodc thi
nghiém nén ba truc nhin chung khong dwoc sir dung dé phdn trang théi cua dat. Tuy
nhién k¥ su thiét ké co thé sir dung Su dé danh gia so bo dicu kién dat nén cong trinh
(cling gidng nhu véi cac chi tiéu hé s6 rong, do bio hoa, hé s6 nén lin, mod dun tong bién
dang,...)

4. Thi nghi¢m nén ngang trong dat PMT

- PMT la thi nghiém nén ngang cho két qua la quan hé “Ap lec — Chuyén vi” ciia dt.
Tir PMT ta c¢é thé wée tinh M6 dun bién dang cua dat, dir bdo do lin ciia mong va duw bao
stec chiu tai cua coc theo phwong ngang.
- Cac quan hé thuc nghiém thudng dua trén dat twong d6i dong nhat (Cat hoic sét). Vi
vay cdn thdn khi sit dung PMT dé wéc tinh cdc chi tiéu cho nhitng ddit pha tap (cdt pha,
sét pha) hodc dat phong héa khdc thirong.
- Khong nén tim mdi lién hé truc tiép gitta médun nén ngang Ep va modun dan hdi thoat
nudc cling nhu khong thoat nude vi chiing dya theo céc nguyén 1y khac nhau. Médun nén
ngang Ep chi c6 thé tinh toan bién dang dat khi ap dung phuong phap va cong thirc riéng
do Menard dé xuat. (T52, T53- Cam nang danh cho k¥ su dia ky thuat).
- Khi tién hanh thi nghiém trong ting d4 clmg va nira ctng: can sir dung thiét bi dau do
c6 do nhay cao, su bién dang cua dau do duge xac dinh trén co s& su thay d6i nho cua
ung suét qua bd cam bién dién.
- Thi nghiém PMT thwong tién hanh trong hé khoan sdn, khéng lién tuc, rat phirc tap
trong thi nghiém va hiéu chinh.
- Sai s6 cia PMT lado :

+ Thiét bi : Kich thuéc cta dng thim, mang gidn nd, dng dan dung dich

+ Thi nghiém: Phuong phap khoan, chuan bi 18 thi nghiém, téc d6 gidn né 6ng

tham, thoi gian nghi trude khi doc sb doc.
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5. Thi nghiém nén ngang trong dit DMT
Uu diém:

- Uu diém I6n nhat cia DMT la ¢6 sw xdo trén dat it nhdt, vi véi céc thi nghiém
SPT, CPT c¢6 bé day cua thié€t bi 16n nén dat bi xdo tron nhiéu (c6 thé bi nén chat), do do
céc tinh chit c6 duoc thiéu chinh xac.

- DMT ld thi nghiém nén ngang két hop véi xuyén lién tuc, c¢é do chinh xdc cao nhat
trong cdc thi nghiém hién truong, dong thoi lai la thi nghiém nhanh va don gian va phi
hop véi cdc logi dat dd cé cwong do khdng cat khéng thodt nuée thay doi tir 0.02kg/cm?
(dat bun) dén 10 kg/cm? (da mém, dd macno) va cdc loai da cé6 M6 dun bién dang khodng
4x10° kg/cm?.

- Trong qud trinh cé két tham 3 chiéu, tinh tham theo phirong ngang (Ch va Kp) ¢6
thé sai khdc nhiéu so véi tinh tham theo phirong dirng (Cy va Ky). Sir dung DMT, ta cé thé
phan doan kha chinh xdc (Ch va Ky).

- Tinh qud c6 két cia dat rat quan trong va duoc thé hién qua OCR va Ko. Viéc thi
nghiém trong phong 1am cho mau dat mét di mot phan (hay hoan toan) tinh qua cb két.
Néu thi nghiém Oedormeter cho két qua Mo dun bién dang theo phuong dimg Egp giong
nhau cho 2 loai dat: thi dat c6 hé sb ap luc ngang tinh Ko va Gng suit ngang ¢’s 16n hon
s& c6 do 1un nho hon. Thi nghiém DMT la nén ngang nén rdt phit hop cho iing dung nay.

- DMT vmg dung trong wéc tinh mé dun, bién dang, sirc chiu tdi trong ngang ciia
coc, trang thdi tng sudt va svrc khang cdt khéng thodt nwée (Su) c6 dé tin cdy kha cao.
Nhuwoe diém:

- Nén dat lam viéc chu yéu theo phuong dung, trong khi thi nghiém DMT nén dit

theo phuong ngang.

- Viéc tng dung vao du bédo suc chiu tai doc truc cua coc la thép (vi ban chit cua

DMT khong phai 1a do strc khang doc truc).

6.Thi nghiém M#é dun bién dang bing tim nén phiangEgp

Tri s6 Mé dun bién dang xdc dinh theo thi nghiém nén & hién truong bao gio' ciing 1om
hon tri s6 module bién dang suy ra tir thi nghiém nén trong phong. Cé rat nhiéu nguyén
nhan ctia sy chénh 1éch nay nhu: khi 1dy mau dét ra khoi 16p dat n6 da bi giam tai han va
lién két két cAu cua dat bi yéu di, trong qua trinh ldy mau, van chuyén, bao quan va cho
dén khi thi nghié¢m 1éy dat vao dao dat bi nhiéu tac dong co hoc pha hoai, két cAu cta nod
bi hu hong it nhidu, dic tinh ting tai va diéu kién thoat nudc ctia 2 thi nghiém 1a khac
nhau...

Tri s6 Mo dun bién dang xac dinh theo thi nghiém nén & hién truong 1a dang tin cay
hon vi n6 gén véi diéu kién 1am viée thuc té ctia nén va cong trinh hon. O Viét Nam da
c6 mot s nghién ctru so sanh giita 2 thi nghiém nay bang cach thong ké nhiéu két qua thi
nghiém xac dinh E theo 2 phuong phap, ngudi ta rat ra voi mdi loai dat khac nhau, tri sb
2 phuong phap chénh 1éch nhau khoang 2-3 1an. Nhu vay mudn co tri sé6 module bién
dang nhu thi nghiém nén ¢ hién truong, can dem tri s module bién dang theo két qua thi
nghiém nén trong phong nhan véi hé s diéu chinh m nao d6 (diéu nay khong dang voi
dat sét déo nhio va nhio).
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7.Thi nghiém mé dun bién dang va \rng suit ciia bé mit da bang PP kich phang Es

— Han ché: Thi nghiém kich phing do tng suit trung binh vudng goc v6i bé mit cua
budng thi nghiém. Murc tng suat khong b1 xdo tron phai dugce xac dinh bang dién giai ly
thuyét tir sO li€u nay.

— Cac gia thiét va cac yéu t6 anh hudng dén sé lidu:

+ Su giam Gng suit duoc gia thiét 1a mot qué trinh dan hoi, thuan nghich. Trong
cac vat liéu khong dong nhat va gt gdy 16n thi gia thiét nay khong hoan toan dung.

+ Céac phuong trinh gia thiét rang khéi da dong nhit va dang hudng. Tac dong cia
khong dang hudng c6 thé duoc xac dinh bang thi nghi€ém theo cac hudng khac nhau.

+ Kich phfmg dugc gia dinh dat hiéu suit 100%. Phai xac dinh céac yéu cau thiét ké
va kich thudc d€ dam bdo cac yéu cau nay chi sai s6 vai phan tram.

+ Kich dugc gia thiét 14 thang hang véi Gmg suat chinh trén bé mat cua 16. Ung
suat cat khong bi xoa bd baéi ap luc kich.
8. Thi nghiém Mo dun bién dang ciia khdi d4 theo phwong phap chat tai ban nén
cung va ban nén mém
Han ché ciia phwong phdp:

— Kho dit mot ban hoan toan cing dé chat tai 1én bé mat da.

— P4 bén dudi ving chiu tai thuong khong dong nhat, vi vay cong tac do do vong tai
cac diém khac nhau trén bé mat d4 khong chinh xac (bi anh hudng nhiéu boi dac trung
bién dang ctia khoi d4) dan dén cac két qua nhan duoc cé thé khong dai dién cho khoi da.

— Viéc do do vdng trong khdi da bi han ché bai 3 1y do sau:

+ Cau trtic vi mé, khe nit, va tinh khong lién tuc khac trong khdi da.

+ Su x40 tron do gan cac bd chuyén doi do vong trong khoi da rat khé xac dinh.

+ Trong da c6 mo dun rat 16n, d0 chinh xac cua cac thiét bi khong dua dé cho ket
qua tin cay.

— Phuong phap nady nhay cam voi hé sb Poison. Hé s6 Poison phai duoc gia dinh
hoac xac dinh tir thi nghiém trong phong.
10. Cac phwong phap quan tric

Quan tric dia ky thuat phai dat d6 chinh xac cao, tin cay, d& kiém soat, dé theo
d6i. D dng thoi thu thap duge cac thong tin tin cdy, nhirng bai hoc quy tir thuc té. Gop
phan nang cao kién thirc kinh nghiém. Hiéu biét vé dat dé, nudc khi, dd « nghi ” gi vé
ng xtr nhu thé ndo véi cac tai trong va tac dong. Cac két qua nghiém thu cdng tac nén
moéng va cong tac dia ki thuat can phai thuc hién ngay trong qué trinh thi cong:

Cong viéc do d6 lin va do chuyén dich nén mong ciia nha va cong trinh dugc tién
hanh trong thoi gian xay dung va st dung cho dén khi dat duoc d6 6n dinh vé d6 lan va
chuyén dich. Viéc do chuyén dich trong thoi gian st dung cong trinh con duoc tién hanh
khi phét hién thiy cong trinh xuat hién cac vét niit 1én hodc c6 sy thay doi rd nét vé diéu
kién lam viéc ctia nha va cong trinh. Str dung may toan dac dién tir tién hanh do cac diém
quan tric nghiéng bang phwong phép toa do phing va cao dd.
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Mt s6 nhin xét vé cong tic do ALNLR & Viét Nam hién nay nhw sau:

- Viéc do ALNLR chua duogc thuc hién lién tuc, viéc do dac céac gia tri ALNLR tai hién
truong van duoc thuc hién theo cach thu cong;

- Céc thiét bi doc s6 liéu khong chi thi truc tiép gia tri ALNLR ma chi dua ra gia tri tan
sO rung, tur gia tri nay, cac k¥ thuat vién phai tinh toan qui doi ra gia tri ap luc;

- Cac hé théng thiét bi do duoc sir dung hoan toan dugc nhap khau tir nudc ngoai, voi
nhirng hing tén tudéi nhu GEOKON, SLOPE (M§), ROCKTEST (Canada), GeoMil (Ha
Lan)...Céc hé thong do nay thudng dit tién va d6i khi chwa phu hop vé6i yéu cau va diéu
kién thuc té str dung ¢ Viét Nam.

Tir cac phan tich trén c6 thé thiy, viéc nghién ctru, thiét ké va ché tao hé théng quan tric
ALNLR phuc vu xir Iy nén tai cac cong trinh xay dung trén nén dat yéu co y nghia thyuc
té rat 16n. Bai bao s& trinh by mot hé thong thiét bi quan tric ALNLR do Vién KH va
CN Giao thdng Van tai nghién ciru, thiét ké va ché tao. Ngoai cac chirc ning co ban dap
g d6 chinh xac yéu cau, hé thong nay c6 nhiéu tinh ning mé rong ma céac thiét bi do
cAm tay nhap ngoai hién chua cung cip, cho phép thuc hién cong tac ty dong hoa do, ghi
dir liéu ALNLR mdt céach lién tuc, c6 kha nang mé rong quan ly, hi€u chinh tir xa, tao
diéu kién cung cap dir liéu do thoi gian thuc cho bo phan k¥ thuat ra cac quyét dinh kip
thoi, chinh xac, déy nhanh tién d9 thi cong an toan, nham nang cao hi¢u qua, hi¢u sudt thi
coéng cong trinh.

Poi véi cong trinh Ham dwong b qua niii:

Cong tac quan triac va do dac duoc tién hanh trong ca 4 giai doan khao sat va dic biét
quan trong trong giai doan thi cong duong ham. Py 1a bién phap co ban nhat dé xac dinh
su bién doi cac diéu kién dia k¥ thuat tu nhién cta khoi dat dé doc theo truc tim duong
ham, Iya chon nguyén tic, phuong phap thi cong cho guong ham tiép theo nham muc
dich dam bao sy 6n dinh va an toan trong qua trinh xay dung ham. Cong tac quan tric
bao gom:

+ Quan trac di€u kién dia chat thuy van
+ Quan trac do 6n dinh cua méi doc ctra ham va lin vom ham trong thi cong

+ Quan tric d6 dich chuyén va su phan bd ung suat cua khdi dat da trude va sau khi
dao ham. Quan trac d§ dan va sy phan bo ung suat vom sau khi lap dat cac két cau
chong do.
+ Quan tric va do v& dia k¥ thuat bé mat guong ham nham cung cép céac thong tin va
s0 liéu cho viéc lya chon hodc hi¢u chinh céc loai két cau chong do.
11.Céac phwong phap do dia chén:
Cac PP Do dia chin phuc vu diéu tra khao sat dia chat cong trinh va tién hanh trén cac
doan tuyén c6 diéu ki¢én DCCT dién hinh. Cung cadp céac tai lieu vé cau trac BC,
DCCT, BCTV va céc tinh chat co ly dat da, lam chuan muc cho cac phuong phap BVL
khéc. Cong tac dugc su dung vao viéc phuc vu do vé ban d6 BPCCT ti 1¢ tir 1:10000 dén
nhé hon va khao sat nén méng cac cong trinh xay dung theo yéu cau.
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Cong tic do dia chin duoc tién hanh trong t6 hop cic phwong phap khao
sat DCCT, DCTV va cac phuong phap DPVL khac, né duoc tién hanh dong thoi hoic
cham hon sau khi da c6 cac tai liécu BC-DVL so bd.

Uu diém: la tinh don nghiém ciia két qua phén tich, dé chinh xdc cao.
Nhuege diém: la gid thanh cao, thi cong cong kénh.
Két lugn:

— Cac thi nghiém tai hién truong: SPT, CPT, CPTu, VST, PMT, DMT,... dé thu thap cac
s6 lidu vé stre khang va bién dang cua dit nén hodc d4 dung cho thiét ké hodc phén tich.
Thi nghiém tai hién trudng nén tién hanh ¢ noi dat yéu kho 14y mau nguyén dang dé xac
dinh céc chi tiéu thiét ké. Khi s liéu thi nghiém tai hién trudng dung dé xac dinh thong
s6 cho thiét ké thong qua phép tuong quan thi cac twong quan ay nén duoc thiét lap dua
trén su pho bién trong thoi gian dai, da dugc 4p dung hodc thong qua do dac chi tiét ma
minh hoa tinh chinh x4c cua tuong quan.

— Khi danh gia Iun dan hoi 1a khéng ché viéc thiét ké mong hoac lya chon loai mong thi
nén ding cac phuong phap thi nghiém hién truong nhu PMT hay DMT dé xac dinh md
dun cua 16p dat.

— Céac thi nghiém dia vat 1y chi nén dung két hop véi cac phuong phap thi nghiém truc
tiép nhu 1a: SPT, CPT, v.v, dé xac dinh cac 16p dia tAng, mat cét cac 1op dat & trén da gbc
va chat luong da, chiéu sdu muc nude ngém, cac gidi han cac loai dat tram tich, su ton tai
cac 16 rong, cac loai ong chon ngam va chiéu day cac moéng hién co.
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. Hanbook of Geotechnical Investigation and Design Tables

. Foundation analysis and design — Joseph E.Bowles)

. Hanbook of Geotechnical Investigation and Design Tables
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