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CHAT LUONG THI NGHIEM TRONG PHONG TRONG CONG TAC KHAO SAT
PCCT TINH TOAN PHUC VU CONG TAC THIET KE CONG TRINH.
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Muc dich: “He thong héa céc phu’ang phap thi nghiém trong phong qua thuee té cong tdc
thi nghzem tong hop, tham khao cdc tdi liéu, hoi thao chuyén mén vé khao sat PCCT néi
rleng va dia ky thudt noi chung, sw gop y cua cac chuyen gia dia ky thudt trong va ngoai
nudc ve xw Iy s6 liéu trong phong nhiéu dw én cau, dwong, ham cua nghanh giao thong
trong nhleu nam qua dp dung trong phan tich dia ky thudt va thiét ké céng trinh. Nham
cung cdp cho cdc ky sw dia chdt cong trinh cac khdi niém co ban, cdc chi tiéu co ly, su
twong quan giita cdc thi nghzem trong phong va thi nghiém hién truong cua dat da duwoc
thyc hién tai Viét nam va cac nudc trén the gioi nham tao dzeu kién thudn loi cho cong
tac khado sét dia chat cong trinh, dia ky thudt phuc vu thiét ké xdy dung céc cong trinh.

. HE THONG HOA THI NGHIEM TRONG PHONG CUA PAT
1. Thanh phan khoang vat véi nhém hat
1.1. Thanh phan khodng vit ciia nhém hat tho

Nhitng hat dét co kich thudc 16n hon hat cat duge hinh thanh tir tac dung phong hoa vat li
cua tang da me. Tang da me bi v& vun, manh da v& c6 thanh phan don khoang hoic da
khoang va cac khoang vat nay déu 1a khoang vat nguyén sinh: thach anh, fenspat, canxit,
mica trang, mica den,..

1.2. Thanh phén khodng vdt ctia nhom hat cat

Cét c6 ngudn gdc ctia manh da vo nhung c6 muc do v vun cao hon. Hat cat thuong do
mot trong nhitng khodng vat tao da nguyen sinh. Moi hat ¢6 thanh phan khoang vat hoic
1a thach anh, hoic 1a fenspat, hoic 1a mica den, mica trang

1.3. Thanh phan khodng vit ciia nhém hat bui

Nhom hat buyi ¢6 thanh phan khoang vat nhu cat min da néu ¢ trén. Do ti dién tich khong
16n, do thanh phan khoang vét khong wa nudc nén tinh giit nude va tinh dinh két cia
nhom hat bui nhd.

1.4. Thanh phan khodng vit ciia nhém hat sét

Nhom hat sét 1a nhém hat nho nhét tao nén dat, thanh phan khoang vat ctia né rat phirc
tap. Ngoai mot so it 1a khodng vat nguyén sinh nhu thach anh, canxit & mirc d6 phan tan
cao, phan 16n 1a khoang vat thir sinh dugc hinh thanh tir qua trinh phong hoa hoa hoc céc
khoang vat nguyén sinh tao da.

Bin chit ciia khodng vit sét: khoang vt sét duoc tao ra chu yéu tir san pham phong hoa
cua da chura Fenspat va mica. C6 4 nhom chinh cua khoang vat sét la Kaolinit, ilit,
monmorilon va vecmiculit:

— Nhom Kaolinit: 1a thanh phan chinh cua dat sét kaolin sinh ra do Fenspat octocla,
khoang vat chu yéu cua dé granit bi phong hoa.

— Nhom llit: trong diéu kién bién, mica bi phan huy tao ra mot nhom khoang vat tuong
tu nhau vé cau trac. Cac dat sét va da phién bién chira chu yéu nhém khodng vat nay.

— Nhém Montmorillonit: 13 thanh phan chi yéu cua sét Bentonit. Montmorillonit
thuong do ilit phan huy thém tao nén, n6 con dugc hinh thanh do phong hoa Fenspat
plagiocla trong cac tram dong tro nui lra. Cac ion kim loai thay dbi, lam cho su lién két
cac tang yéu di. Vi lién két yéu, cac phan tir nude dé dang tham nhap vao giita cac 10p,
tao ra kha nang co ngdét va truong nd 16n cho céc khodng vat thuoc nhom nay.

— Nhém Vecmiculit: bao gém cac san phdm phong hoa cia biotit va clorit. Cu trac cta
Vecmiculit twong ty Monmorilonit, do d6 kha nang co ngét va truong nd cling tuong tu
Monmorilonit, tuy c6 kém hon.
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Ti di¢én tich va hoat tinh cua cac logi khoang vt sét‘rdrt khac nhau (VD: Nhom
Monmorilonit ¢ # dién tich va hoat tinh cao hon rat nhiéu so véi nhom Kaolinit.). Sw
khac nhau vé ban chdt gitta cac nhom hat set sé dan den tinh chat vat Ili va co hoc cua
cdc loai dat chira chung ciing rat khdac nhau.

(Xem ky hon tai trang 12, 13 trong “Co hoc dat iing dung va tinh todn cong trinh trén
nén ddt theo trang thai gioi han — Gido sw tién sy dia ky thudat Phan Truong Phiét”)

2. D) nhay ciia dat sét (St): D§ nhay Phéin loai
St= Qunguyén dang <2 Nhay
du ché bi 2-4 Nhay trung binh
St= Cuong do khéng cit cia miu nguyén dang 4-8 Nhay
Cirémo d6 khano cit ciia miu khéne nouvén dane 8-16 Rét nhay
Do nhay cua hau het dat sét trong khoang 1632 Nhanh nhe
tir 2+4, than bun tir 1.5+10 va ddt sét bién 3264 Nhanh trung binh
tir 16+26 (Skempton va Northey, 1952; Bjerrum, 1954) >64 Nhanh

(T136 — Foundation engineering Handbook)

3. Ty trong.

Ty trong cua dat dugc xac dinh theo cac tiéu chuan sau: TCVN4195:2012, T100, D854,
Part 2: BS 1377.

Ty trong ciia mdt so loai khoang vit liéu sét Typical Specific Gravity of soil Solids
Khoéng Ty trong | Khoang vitsét | Ty trong Loai dat Ty trong (Gs)
vat se-t - Quartz sand 2.6-2.65
Aragonite 2.94 Ilite 2.60 -
Silty sand 2.65-2.67
Attapulgite 2.61 Kaolinite 2.50-2.61 .
Inorganic clay 2.70-2.85
Augite 3.20-3.40 Limonite 3.40-4.00 Illite clay > 64-284
Biotite 3.00-3.10 Magnetite 5.17 Kaolinite clay
Calcite 2.70-2.72 Mica 2.80-3.20 Montmorilonite clay 2.20-2.74
Chlorite 2.60-3.00 Montmorilonite 2.40-2.51 Chlorite clay 2.60-2.90
Dolomite 2.85-2.90 Muscovite 2.80-2.90 Muscovite clay 2.70-3.10
Gypsum 2.30-2.34 Orthoclase 2.56-2.60 Pulp fiber 154
Hematite | 5.10-5.20 Quart 2.60-2.80 Organic clay Variable

Nhin chung gia tri ty trong cua dat dinh Gs=2.67, ddi dat sét khong hitu co Gs=2.70.
Gia trj ty trong cao nhat Gs>3.0 va thap nhat Gs=2.3 + 2.4.
Ty trong cua dat cao hay thap con tiy thudc vao dat 6 c6 chira nhitng loai khoang vt sét
nao: (VD: Dét chira chu yéu khoang vat sét Kaolinite thuong c6 mau tring xam, cé ty
trong Gs=2.6 + 2.68; Dét chtra chu yéu khoang vat sét Hematit, Magnetite,...c6 chua da
ong hay két von (Laterit d4 ong hay laterit két von) 1a dang dat phong héa dién hinh &
ving doi nai cua Viét Nam. Dat thuong c6 mau nau vang, xam den, ... c6 ty trong rat cao
thuong Gs=2.75 + 2.90; néu c6 két von dang t6 ong Gs=2.90 + 3.20.
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4. Dung trong (Khdi lwgng thé tich)

Dung trong ctia dat dugce xéc dinh theo céc tiéu chuén sau: TCVN4202:2012, D2937,
D7263, Part 2: BS 1377. C6 nhiing phuong phép thi nghiém sau dé xac dinh dung trong
cua dat:

— Phuong phap do tryc tiép: thich hop ddi mau dat dinh c6 hinh dang 1a: ling tru chir

nhat hay hinh tru

— Phuong phap dao vong

Phuong phap boc sap can trong nude: dbi voi dat ty nhién hay dit ddm nén

— Phuong phap thé chd nudc

5. D) am cua dat.

Do am cua dat duoc xac dinh theo céc tiéu chuan sau:
TCVNA4196:2012; AASHTO 265; D2216; Part 2:
BS1377. C6 nhimng phuong phap thi nghiém sau dé
xéac dinh d6 am cua dat:

- Say kho mau dat trong tu say
- D6t bang con: ap dung trong diéu kién hién trudong
- Thé tich: thich hop voi loai dét roi vun nhu cat, san
- D6 am bao hoa cua da voi (Part 2: BS1377)

- Binh am ké str dung khi tao ra do Cacbua canxi
(AASHTO 217).

(PP dét con va thé tich xem trong: “Bai gidng ddo tao thi nghiém vién chuyén nghanh XDGT”.
6. Chi s6 déo, chi s chay, chi s0 do bén.

Gi61 han chay, gidi han déo cua dat duoc xac dinh theo cac tiéu chuén sau:
TCVN4197:2012; T89, T90; D4318 va Part 2: BS1377.
6.1. Chi sé déo: Pl = LL — PL

PP xuyén co6n, loai ban ty dong.

6.2.Chi so chay(hay chi s6 sét B): Ll =

— Sét nhay: khi ma do am tu nhién co 1& 16n hon gidi han chay.
Trong truong hop nay: LI >1.
— Pit qua c6 két: P 4m ty nhién nho hon gidi han déo. Trong truong hop nay: LI <0.

— Mitchell, 1976 va Skempton, 1953 dua ra quan hé sau:
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Typical Values of Liquid Limit, Plastic Limit, and Activity of Some Clay Minerals

Mineral Liquid limit, LL Plastic limit, PL Activity, A
Kaolinite 35-100 2040 0.3-0.5
llite 60-120 35-60 0.5-1.2
Montmorillonite 100-900 50-100 1.5-7.0
Halloysite (hydrated) 50-70 40-60 0.1-0.2
Halloysite (dehydrated) 40-55 30-45 0.4-0.6
Attapulgite 150-250 100-125 0.4-1.3
Allophane 200-250 120-150 0.4-1.3

(T80 - Principles of Geotechnical Engeneering — Seventh Edition — BRAJA M. DAS).

6.3.Chi sé do bén(Toughness): TI = g

Theo TCVN4197:2012 ¢6 2 phuong phap dé xac dinh gi6i han chay la:

- Phuong phap Vaxiliev: Tha qua doi thang bang hinh non

- Phuong phéap Casagrande:

Theo tiéu chuan cia Anh BS 1377 ¢6 2 phwong phap dé xac dinh gidi han chay 1a:

- Thi nghiém xuyén cén

- Theo phuong phép Casagrande

Theo tiéu chuan cia AASHTO va ASTM: Xac dinh gi¢i han chay theo PP Casagrande.
Thi nghiém xuyén cén: phi hop hon han so véi thi nghiém theo PP Casagrande vi vé
ban chit né 1a mot thi nghiém tinh phu thudc vao sirc chdng cit ciia dat. Thi nghiém nay
d& thuc hién hon va cho két qua dé tai thuc hién duoc.

Thi nghiém theo PP Casagrande: 13 thi nghiém co s& trong phan loai dat. Thi nghiém
nay gy nén nhiing anh huong dong va dé c6 sy khong nhat quan giita nhitng nguoi lam
thi nghiém.

sw tién sy dia ky thudt Phan Truong Phiét)

Vi nhitng Iy do d6, xuyén cén la phit hop hon, nhung néu dam bdo la thiét bi Casagrande
dwge duy tri chinh xdc va quy trinh thi nghiém tudn theo nghiém ngdt thi van c6 thé thu
duge cdc két qua théa man. Phwong phdp Casagrande sé khdc mét chiit so véi khi ding
PP xuyén cén véi cdc gid tri gidi han chay téi 100; nhung trong phan 1ém cdc truong hop
sai khac nay 1a khéng dang ké va nhé hon khi ding thiét bi Casagrande. Véi gidi han
chdy >100, PP xuyén cén cho két qud c6 gid tri nhé hon.

6.4. Quan hé giita chi sé déo véi lwong chiva hat sét

— Chi s6 déo c¢6 quan hé véi luong chira nhom hat sét va loai khoang vat sét ctia hat sét.
Skempton dé nghi diing mirc hoat tinh biéu thi hoat tinh ciia dit:

MHT = Ip (%)/Lugng chira (%) nhom hat sét (V&i nhom hat sét co DK <0,002mm)

Mirc hoat tinh ciia mot sé khoang vét thuong gip trong dit dinh (dat hat min) ¢ bang sau
cua (Skempton-1953):
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Loai khoang vat | Mikc hoat tinh
Thach anh 0
Canxit 0,18
Kaolinit 0,33-0,46
lite 0,9
Monmorillonit-Ca 1,5
i Monmorillonit-Na 7,2

Dit sét co mirc hoat tinh thap, thudng 1a dat sét chira nhom hat sét co thanh phan
khoang vat sét Kaolinit, ¢é tinh 6n dinh cao (tinh co, né it). Dat sét c6 hoat tinh trung
binh, chira cht yéu hat sét illit, c6 tinh 6n dinh binh thuong. Dat sét ¢6 hoat tinh cao, chii
yéu chira khoang vat Montmorillonit, cd tink 6n dinh thap, tirc dit cé @ co né nhiéu, khi
d6 am thay d6i. (MHT<0,75 —> Pt tro; 0,75 <MHT< 1,25 —> DAt binh thuong; MHT
<1,25-—> Pit hoat tinh).

Két lugn: Céc khoang vdt sét co murc do hoat tinh rat khdc nhau. Cho nén tinh chat vt ly
Va co hoc ciia cdc loai dat co6 chira cdac khodng vit sét do ciing rat khdc nhau.

—  Tham khao thém Chi s6 déo va gi6i han chay twong tmg véi cac khoang vat sét

(Casagrande, 1948 va Mitchell, 1976)

Liquid limit (LL)

FIGURE Plasticity index versus i id limit for common .clay minerals. (Adapred from
S Comprend; 1948 and data o in Mitchell, 1976

— - = W

Geotechnical Engineering & Soil Testing- Al-Khafaji &Andersland)
7. Thanh phin hat

Thanh phan hat cua dit dugc xac dinh theo theo céc tiéu chuan sau: TCVN4198:%014;
T88; D422, D421; D1140; Part 2: BS1377. C6 nhitng phuong phap thi nghiém sau dé Xac
dinh thanh phan hat cua dat:

- Phuong phéap sang kho

- Phuong phap sang uat

- Phuong phéap lang chim dung 6 ong pipet
- Phuong phap lang chim bang ty trong ké
8. Do chic cia dat

Kha nang chiu lyc (d6 bén ciia dat) phu thudc vao trang thai vat ly — do chac cua dat. Doi
v6i dat hat min, 1 d6 sét cua dat, d6i voi dat hat tho 13 do chiat cua dat. DAt cang chic thi
strc chiu tai cang 16n:

— Do chic cia dit hat min: duoc danh gia bang do sét twong ddi B hay chi sé chay
(TCVN4197:2012)
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— Do chit cua dat hat tho:
+ Pit hat tho c6 cip phdi cang tot: ¢ d6 chit cang 10n nén do chic cang 16n.
+ DAt ¢ trang thai toi xOp nhat: dd chac kém nhat nén kha ning chiu tai kém nhat.
+ DAt ¢ trang thai chat nhat thi chac nhat va co sirc chiu tai 16n nhat
Do chéc ciia dat hat thd dugc danh gia dinh lugng baing dd - _Smae =€ 00 (o)

& max - L._'TII'I

chit twong déi:

thé higi ’ ds sé : chay nhu
Pat hat min < nhuvitthdcamg | tuong d& B 1. Cchatiéng

Par hat tho §

(Tham khao ky o hon tai
trang 36 - Co hoc dat ing dung va tinh todn cong trinh trén nén dat theo trang thai gici han — Gido su
tien sy dia ky thudat Phan Truong Phiét)

9. Giéi han co ngoét va trwong né ciia dat

Mot s loai dat sét c6 su ting hay giam thé tich dang ké khi do am tuong ng ting hay
giam. Dat sét biéu hién cac dic trung ndy goi 1a dat sét co ngot hay truong né. Kha ning
co ngdt va gidn nd ciia dat lién quan voi luong hat sét va tinh déo ciia nd

9.1. Gioi han co ngot cua dat-. Sw twong quan giira chi sé cac dic tinh cia dit
v6i thay ddi thé tich ciia cac loai dit sét c6 tinh déo cao
Tinh co ngdt cua dat 1a tinh giam thé tich cua dat khi bi mat nudc.

. e e —
C6 2 phuong phap xac dinh: hf s0 lm,hi: 0omt 00 | Pham tos
- Phuong phap boc sap: TCVN8720:2012; déo | congot(%)
(V-Vd)pW >35 <11 >30 Rét cao

D4943: SL =W~ [m—sp] 25-41 712 20-30 Cao

- Phuong phap thiy ngan: T92; D427; 15-28 10-16 10-20 Trung binh
Part 2: BS1377 D 15 <10 Thip

art Z.

(T113- Foundation engineering Handbook).

9.2. Gidi han trwong né cia ddt:

TCVN8719:2012; T258; D4829; Part5: BS1377.

Tinh truong nd cia dét 1a tinh chat ting thé tich cua dat khi bi w6t nude. Su truong nd
cua dat phu thudc vao cac yéu td: thanh phﬁn khoang vat, két cdu dat, 46 4m ban dau, do
chat, ap lyc nén,....

Két lugn: Pat ma cé thanh phc”in chu yéu la nhom montmorillonits, co hoat tinh cao, co
khd ndng co ngét va triecong né cao hon ngwoc lai ¢é khd ndng truong né, co ngot thap la
ddt ma cé thanh phan chii yéu la nhém kaolinit. Tity theo mike do triwong né, co ngot khdc
nhau ma tinh chdt co 1y cia ddt ciing khdc nhau
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10.Dic tring tan ri ciia dat : duoc xac dinh theo TCVN8718:2012.
11. Tinh nén 1Un va c6 két ciia nén dat.

(Tham khao trong Be tai: Hé thong héa cdc déic trung Bién dang — D bén cia dit
phuc vu c¢éng tac thiét ké xdy dwng cong trinh” — Nam 2020 ciia Ths: Ngé Lé Thiy)

11.1. Tinh nén ciia nén dit

Chi so nén, chi so no cua dat:

Chi 6 nén: Cc = Ae/Ing/P1 Theo kinh nghiém cua Terzaghi va Peck(1976), C. cho dat sét

khdng bi pha hoai dugc tinh bang: C, = 0,009(W, - 10)

H¢ 56 nén: Co= Col(1+e0)

Chi s6 no- Cs = Aes/lgP2/P1

Chi 56 nén thir cap: Ct = Aes/lg talts
Chi s6 nén lai: Cr = Aer/IgP2/P1
Heé s6 nén thtr cap: Ca = Ct /(1+€eE)

Hé s6 nén thé tich - my=avl(1+eo)

11.2. Tinh liin ciia nén dit

Theo cac so lidu thong ké khoang 70% cac sy co trong linh vuc xay dyng la do lGn
qua mac cho phép. Do 1Un cua dat nén dudi nén dat dap va tai trong cbéng trinh dugc
tinh bang:

- Pbi voi dat hat min: S=Su+Sc+Ss
- Doi voi dat hat tho: S=Su

Doi v6i dit nén bio hoa nwéc cin phan biét 3 trwomg hop tinh lun sau:

1. B6 In tic thoi Sy thuong xay ra nhiéu ¢ dat khong dinh va dat dinh khong bio hoa.
2. B0 ltn ¢6 két thAm Sc: xdy ra nhiéu trong dat dinh hat nhé c¢é d@é bdo hoa lén hon
khoang 80%.

3. Do Ian tir bién (hay Lun thi cap) Ss: chil yéu trong tram tich dat cé dg déo cao hodc
dat hitu co.

Vi dat sét:

e Dj liin tivc thoi: 1o nho, tuy nhién c6 khi khéng phdi la nhé qud dé c6 thé bé qua.
Trong mét 6 truong hop chiing cé thé chiém téi 10% do lin tong ;

e (Ey) M6 dun khong thoat nudc thu duoc bang cach thi nghiém Oedometer (nén 1
tryc) hodc nén 3 tryc trong diéu kién khong thoat nudc; hoic thu duoc bang cac tuong
quan voi thi nghiém hién truong.

e D$ liin tir bién (Hay lin thir cdp): khong nhé, nhat la doi véi cac dat sét yéu, rdt
yéu. Déi khi, chiing cé thé chiém t&i 40-50% dé hin tong.

e Dj liin ¢é két thim (Hay cé két so cdp): 13 phan chu yéu, thuong chiém trén 90%
d6 ltn tong. Tuy nhién, trong mdt sé it truong hop né chi chiém khodng 50% dé hin
tong.
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Véi dit cat: tinh thim qua nhanh, do d6 khéng thé tich roi Lin tirc thoi va hin cé két
duoc. Vivay, S = So+ct St:

1. Lun tire thoi

D9 lun tirc thoi xay ra ngay sau khi tai trong tdc dung, khong it truong hop do lan tic
thoi co tri s6 khong nhd.

2. Liin ¢ két thdm

Lan cb két thAm xay ra trong mot thoi gian nhat dinh dai hoic ngan tuy thudc tinh tham
nudc cua dat va dieu Kién bién vé thoat nudc.

Xac dinh hé s6 ¢ két C, béng TN nén khéng Theo dinh nghia, C, dugc tinh theo cong thic:
né hong c - kd+ey)
3. LUn tir bién W

Lan tir bién cua dat nén lién quan dén céac
cOng trinh nhu: 1an kéo dai ctia nha va cong trinh, chuyén vi tuong chan, mat 6n dinh cac
suon doc, 1in bé mat dat lién quan dén xay dung va khai thac cac cong trinh ngam,... va
c6 thé quan sat thay trong khoang thoi gian cd tudi tho cua cong trinh.
Pé lin o két tir bién dwoc dw bdo theo cong thirc sau:

Sto = Cq H lg(t/tin)/(1+ewn)
Dbi v6i nén c6 nhiéu 16p, d6 lun do tir bién cuia nén dat dudi tai trong 1a tong cua cac do
lan tir bién cta timg 16p. Thoi gian két thuc cb két tham ti tinh toan duoc cho ting 16p
dat gay lan, khi d6 ¢ két tham dat 100% theo phuong phép tinh toan do lin c6 két tham
theo thoi gian.
Thoi gian can thiét dé tinh toan du bao do lun tir bién duoc chon xuét phat tir yéu cau st
dung cong trinh, thuong 1a tudi tho cta ching (vi du cho nha dan dung khoang 50-100
nam).

11.3. Tinh cé két ciia dit

— Nén cb két 1 chiéu theo phuong phép gia tai timg cdp (IL): TCVN4200:2012; T216;
D2435 Part 5:BS1377.

— Nén cb két 1 chiéu theo phuong phap gia
tai lién tuc (D4186) c6 nhitng PP chinh sau:

+ Thi nghiém toc do bién dang 13 hing s6
(CRS) : D4186

+ Thi nghiém téc d6 gia tai 1a hang
s6(CRL)
+ Thi nghiém gradien 13 hing s6(CG)

+ Thi nghiém hé s6 ap luc nude 16 rong 13
hang s6 (CPR)

Giéi thiéu TB CRS tai HN KHCN TEDI -2011
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Thi nghiém CRS la mot phwong phdp thi nghiém nhanh, hién dai, nén can dwoc dp dung
réng rdi va nghién ciru nhiéu hon & Viét Nam

Viét Nam hién nay, phuong phap thi nghiém nay chi méi dugc thuc hién tai mot
s cong trinh 16N, chua co nghién ciu toan dién vé CRS. Pé c6 thé tng dung loai thi
nghiém nay vao viéc xac dinh céc thong sé can thiét trong cong tac thiét ké, thuc hanh xir
ly nén bang 16i thAm dung. Do dé, can nghién ciru dé dua vao tng dung thuc tién nhiéu
hon tai Viét Nam.

— Hé s6 qua co ket OCR doi voi cac logi dat:

H¢ s6 qua ¢b két OCR OCR = P’¢/ P’

Ap luc tién cb két P’c

Ap lyc 16p phu hién tai Po=Y v'z

b9 sau cua 16p phu z

Khdi lugng thé tich hiéu qua Y’

Dit ¢6 két binh thuong OCR~1 nhung <1.5
Dit qua ¢ két nhe OCR=15+4

Dit qua c6 két ning OCR>14

* For aged glacial clays OCR =1.5 —2.0 for PI > 20% (Bjerrum, 1972).
* Normally consolidated soils can strengthen with time when loaded.
* Overconsolidated soils can have strength loss with time when unloaded (a cutting
or excavation) or when high strains apply.
(T83 - Handbook of Geotechnical Investigation and Design Tables)

12. Tinh bién dang va dan hoi clia dat
Trong thuc té can xac dinh do lin cua nén dat hoac mong bao gém ca bién dang du
va bién dang dan hoi. Tuy nhién tily ting trudng hop ma hodc 1a bién dang dan hodi co y
nghia chu yéu (khi nén dét chiu tai trong dong), hodc 1a bién dang du c6 ¥ nghia chii yéu
(nhu tinh méng cung theo bién dang cua nén). 5
+ Mo dun bién dang (c6 né hong) E = p/my = p/ao v6i B =1 - 1'MH~

Mo dun nay ap dung cho nén dit duéi méng don, do dién tich chiu tar be nen dat bi nén
chat theo chiéu dung va n¢ theo chiéu ngang (c6 no hong).

2

+ M6 dun bién dang khong né hong (M6 dun nén 1 truc)
Es hay M= 1/my=(1+eo)/av
M6 dun nay ap dung cho nén dat dudi mong be, do dién tich chiu tai 16n nén ta coi nén
dat duoi moéng khong nd hong.
+ Mo dun thoat nwée: E'=(1- 2072 YM’ = .M’
1-w
+ Mo dun khong thoat nuéc Ey (cho dét sét, gia tai khong thoat nuée) co quan
hé v&i mo dun bién dang khong né hong M sau: Ey = M(1+uu)(1-21)/ (1-n)
Ey=15M ( 124 )
1-w
Trong d6: pu — hé s6 Poisson trong diéu kién khong thoat nudc, py=0.5(bang ctia nuéc).
(T20 + T22: thi nghiém dat ¢ hién truong va iimg dung trong phdn tich nén mong.)
10
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M6 dun dan héi: Trong moi trudng dat hién twong bién dang khong chi dién ra tirc thoi
ma con dién ra theo thoi gian (qua trinh ¢ két). Do d6 trong phén tich bién dang M6 dun
dan hoi c6 2 dang:

— M6 dun din héi khéng thodt nwéc Eu: md dun nay biéu hién 1a ty sd giita ing suat
va bién dang ctia dat (Thoi gian gia tai tirc thi dé nudc trong dat khong thé thoat ra, hién
tuong cb két khong xay ra.). Ey khong phai 13 hing s6 ma thay d6i theo tri s6 Gmg suit,
theo hé s6 rSng va theo lich st chiu tai cua dat. Vi Ey thay ddi theo ung suét nén néd thay
d6i theo chiéu sau. Pi véi muc dich thiét ké, trong nhitng pham vi thay doi chiéu sau
tuwong dbi nho, Eu ¢d thé coi nhu la hang sé doi dat sét bdao hoa chiu gia tdi khong thodt
nudc. Trong cac loai cat va dét dinh khong bao hoa, xac dinh Ey can dua vao do sdu va
nhimg diéu kién tai diém quan tdm. Dudi cac mong bé rong, E, ting theo chiéu hudng
tam.
— Mé dun dan héi thodt nwéc E’: md dun nay st dung trong phéan tich ltn ciia nén
mong khi tai trong tic dung dién ra thoi gian du dai dé nudc trong cac 16 rong cua khoi
dat c6 thé thoat ra ngoai hét (qua trinh ¢ két da xay ra)
Taco: EJ/(A+v)=E’/(1+V’)
Tuy theo ché do gia tai (Tinh hay dong) ta ¢6: Mé dun dan hoi tinh hay dong.
— M0 dun dan héi tinh: trong trang thai chat tai 13 tinh ta c6 thé phan biét cac loai
mo dun 1a: mé dun tiép tuyén va mé dun cat tuyén.
— M6 dun dan hoi déng: thé hién trang thai dat chiu tic dung tai dot ngot, lién tyc.
M6 dun dong 1a mo dun khong thoat nudce, gia tri ciia n6 16n khoang gap 3 1an mo
dun dan hdi tinh.

Khoang cac gia tri cia M6 dun dan hoi va h¢ so Poisson

M6 dun dan hoi H¢ so Poisson
Loai dat Mo dun dan hoi Mo dun dan hoi v ;
u A%
khéng thoit nuéc E’
Sét 4-50 2-30 0.5(sat) 0.3
Cat - 10-100 - 0.3
San s6i chat - 150-500 - 0.3
ba 500-10000 - 0.3

(T34, T35 - Cdm nang ding cho kj sw dia ky thudt)
< M5 dun bién dang E (MPa) theo Tassios, Anagnostopoulos:
Déi v6i dat rdi theo TCVN 9351:2012
. a + c(Nspt + 6)
10

Trong do:
— alahé s, a=40 khi SPT>15; a=0 khi SPT<15
— clahé sd, c=3 dbi vé6i dat sét; c=3.5 d6i vé6i cat min; c=4.5 ddi véi cat trung
—  ¢=7 dbi v&i cat tho; c=10 dbi véi cat 1an san soi; c=12 ddi voi san soi 1an cat
11
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< Mo dun bién dang E (kg/cm) chuyén dbi tir E trong phong SANY E nen tai trong tinh

1+eo0
a

E = B. Mk (Theo tiéu chuan 20TCN74-87)

% Tri tiéu chuin ciia mé dun bién dang cia dat sét E (MPa)

Nguf“)n gég va | Loai dit sét va cac Mé dun bién dang E tng véi hé s6 rong e bang
tudi cia datsét|  gioi han trititu |, .01\ 0| 655 | 065 | 075 | 0,85 | 095 | 1,05 | 12 | 14 | 16
chuan chi so sét
Acét [0<1s<0,25] - 32 | 24 | 16 | 10 | 7 - - - - -
Asét [0<15<0.25| - 34 | 27 | 22 | 17 | 14 | 11 - - - -
B3 tich o,2g<5|s < 32 | 25 | 19 | 14 | 11 | 8 -
suon : 17 | 12 | 8 6 5
tigh ao 0,5<1s< 0,75
ho, bOi 1 oo 1 oc <005 - - | 28 | 24 | 21| 18|15 | 12| - - -
tich ho
TRAM 0,25< Is< 21 | 18 | 15 | 12 9
Tl'g{H 0.5 15 | 12| 9 | 7
THU 0,5<1s< 0,75
TU Acat | 0<1<0,75 | - 33 | 21 | 17 | 7 - - - - - -
Asét [0<15<0.25| - 40 | 33 | 27 | 21 - - - - - -
Bang
thity 0,25< Is< | - 35 | 28 | 22 | 17 | 14 - - - - -
0.5 - - - 17 | 13 | 10 | 7 - - - -
0,5<1s< 0,75
Bing | Acat | 1s<0,5 75 | 55 | 45 - - - - - - - -
tich | A sét
Tram tich Jura | Sét | -0,25<1<0 | - - - - - - 27 | 25 | 22 - -
cia bic Ocfoedi 0<1<025 | - | - | - | - | - | - | 24| 2219|155/ -
0,25<1<0,5 | - - - - - - - - 16 | 12 | 10

(T71 — TCVN9362-2012: Tiéu chuén thiét ké nén nha va cong trinh)
13. Thi nghiém v& sirc chong cit ciia nén dat
Cac thi nghiém dé xac dinh strc chdng cat ctia nén dat & trong phong bao gdm:

13.1. Thi nghiém cit canh nhé trong phong (Torque vane
test)

Thi nghiém dugc thue hién theo D4648, BS1377:1990
13.2. Thi nghiém cit trwe tiép (Thiét bi hép cdt nho)

chuan sau: TCVN4199:1995, T236, D3080, Part 8-
BS1377:1990.

— Tul theo t--ng quan gi+a téc ®¢ truyOn Itc nBn vy lic
c¥%t, cing ®iOu kiOn tho t n-ic ciia mEu ®Et khi thY
nghiOm c¢6 cac so d6 dé xac dinh strc chdng cit:

— Thi nghiém cit tryc tiép dugc thuc hién theo céc tiéu .

12
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+ Kh«ng nbn tr-ic (kh«ng tho,t n-ic, kh«ng cé kOt), ®-a c¥t nhanh - ®-ic géi Iy c¥it
nhanh kh«ng cé kOt;

+ Nn tr-ic ®0n z&n ®Pnh (tho,t n-ic, cé kOt), réi ¢¥:t chEm - ®-c géi Iy c¥t chEm
cé kOt;
+ NBn tr-ic ®On &n ®pnh (tho, t n-ic, cé kOt), réi c¥t nhanh - ®-ic gai Iy c¥t nhanh
ce kOt.
13.3. Thi nghiém cit trwe tiép (Thiét bi hép cit I6n)
Thi nghiém dugc thyc hién theo BS1377:1990

Thi nghiém nay c6 thé dung d6i voi miu khong nguyén dang, c6 hat duwong kinh 16n
dugce dam chat trong hop cit 16n bang dam hay chay.

Uu diém cua thi nghiém hop cdt so voi thi nghiém nén 3 truc:

— Ca tng suit cat 1an Gmg sudt phap trén mat truot duoc do truc tiép; Céc thong sb
ctia d0 bén chéng cit (c’va @) dugc xac dinh ddi v6i cac tng suit truc tiép nay.

— Trong subt thi nghiém c6 kha nang duy tri mot ing suat phap khong doi.

— Thi nghiém d& hon cho dat khong dinh, nhu cat va cudi va thi nghiém thoat nudc
cho loai dat nhu thé dugc tién hanh trong thoi gian twong d6i ngan.

— Trong ltc thi nghiém dé dang do duoc su thay doi thé tich.

13.4. Thi nghié¢m nén 1 truc co no hong

Thi nghiém nén 1 truc c6 né hong la truong hop dic bi¢t cia nén 3 truc duogc tién hanh
v6i ap luc budng bang khong . Thi nghiém dugc thuc hién theo T208, D2166

13.5. Thi nghigm nén 3 truc ciia nén dit.
Thi nghiém duogc thue hién theo TCVN8868-2011, D2850-D4648, T296-T297, BS1377

» K
. =

'%S' Jl ;

H¢é thong thi nghiém 3 truc

Thi nghiém nén 3 truc cho phép md ta duoc nhiéu trang thai ing suat nhu Ung x{r cua
mau dit theo diéu kién trang thai ing suat (gia tai, d& tai theo cac phuong), ciing nhu ng
xtr thuc té ctia dat nén (thoat nude hay khong thoat nude). Thi nghiém nén 3 truc 1a mot
trong nhitng thi nghiém da dang nhat trong tit ca cac thi nghiém xac dinh stc chdng cat
cua dat xét vé chi tiét phuc tap, diéu kién thoat nudc kiém soat dugc cho tit ca cac loai
dat (VD: dat thim nudce t6t c6 thé thi nghiém trong diéu kién khong thoat nude, con dat

13
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c6 tinh thdm kém c6 thé thi nghiém trong diéu kién thoat nudc. Trong thi nghiém nén 3

truc viéc kiém sodat ap luc nude 16 rong hoan toan co6 thé thuc hién dugc mot cach chinh

xac, bién ddi thé tich ciing c6 thé do dac duoc. Trong qué trinh thi nghiém, phuong tac

dung cua cac thanh phan tng suat chinh khong d6i (khac biét dang ké so véi phuong cua

cac thanh phan tng suit chinh trén mit cit dinh sin trong thi nghiém cit truc tiép thay

d6i 14ung tuc trong qua trinh cat). Mit pha hoai khéng duoc quy dinh trede, ma miu dit

bi pha hoai theo mit truot yéu nhat hodc don gian 13 phinh ra trong trudong hop dat mém

déo.

Thi nghi¢m nén 3 truc la thi nghiém tin cdy nhat dé xdc dinh cdc thong s6 sirc chong cdt,
dong thoi con c6 thé xdc dinh dwoe cac thong sé bién dang cia ddt nén:

— So dd thi nghiém khOng cd két, khong thoat nude (UU- Cit nhanh): don glan

nhanh, gid thanh re¢ va thong dung nhat cua thi nghlem nén 3 truc. Két qua sirc
khang cat xac dinh dvwoc la o trang thai ung sudt tong

So do thi nghiém cd két, khong thoat nude, do ap luc nude 15 rong (CU-Cit
nhanh, ¢ két): Két qua nhan duoc theo so do nay la suc khang cat theo 2 trang
thai:

+ Ceu VA qru: stk dung cho thiét ké ddp ddt theo giai doan trén nén ddt yéu.

+ ¢’va @’: phdn tich én dinh dai han.

So db thi nghlem c¢b két, thoat nudc (CD — Cat cham, cb két): Sitc khdng cdt ¢
trang thadi ung : sudt hiru hiéu véi cde thong so ¢ ’va @

< Mpt s6 nhin xét vé: “ Lwa chon qui trinh thi nghiém dé xdc dinh dp bén chong cit
cua dat trong thuc té”:
— Ddt tham kém nhuw bui va sét: ¢ trong dat img suat hiéu qua ngang va ding thuong

khong bing nhau.Co thé tinh d& dang tng suét thang ding nhung khong dé xéc
dinh dugc ing suat ngang —» Vi cac tram tich chiu gia tai binh thuong hodc hoi
qua cb két, tng suat hiéu qua ngang thudng nho hon tmg suit hiéu qua dung. Vi
thé, mic du thi nghi¢m 3 truc co thé cho cac gia tri vé d6 bén chéng cit cla céc
loai dat do, song dé str dung chung tot nhat can phai ¢6 nhiéu suy xét va dién giai.

— Dt bdo hoa cé tinh tham kém: dd bén chong cit c6 thé dugc xac dinh thuan loi

cho nhiéu bai toan thuc té ma khong can dén thi nghi¢m 3 truc:

+ Do bén chéng cat ¢ thé xac dinh tai hién truong béng TN cét canh.

+ C6 thé tién hanh thi nghiém 3 truc, véi ap luc budng gan bang ap luc 16p phu
hiéu qua tai hién truong, nhung khong duoc dé xay ra cd két dudi ap luc budng.

+ Dung thi nghiém 3 truc hay nén c6 né hong; cé thé cho két qua thich hop voi
giai doan thi céng va ngay sau d6, nhung theo thoi gian cac két qua cé thé tré nén
ngdy cang kém an toan. Vi thé, dé danh gia sy on dinh 1au dai cia mai déc dao
trong dat sét ctng, thi nghiém 1a khong thich hop.

+ Tram tich chiu gia tdi binh thuong: c6 thé cb két dudi trong lwong cua khéi dip
va chiu g suit cit do mong hay cac tai trong khac —»Thuodng tién hanh bang thi
nghiém nén 1 truc c6 nd hong hay cat canh. Do bén chdng cat khong thoat nude C
duoc tinh theo ing suit hiéu qua s& dat t6i khi trAm tich c6 két.

Pat sét qud co két: d6i véi cac vat lidu cing, c6 tinh déo thap (chi sb déo < 40)

— Co thé dung cac két qua thi nghi¢m nén 3 truc mot cach tin tudng.

14
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— Dt bdo hoa ¢ do tham trung binh: thi nghiém 3 truc cho do bén chdng cit thién
vé€ an toan, nénl truc c6 né hong

Consistency Unconfined Compressive
Strength — qu
Kg/cm? KN/m?
Very soft <0.25 <25
Soft 0.25-0.5 25-50
Medium 0.5-1.0 50-100
Stiff 1.0-2.0 100-200
Very stiff 2.0-4.0 200-400
Hard >4.0 >400

(T349 — Geotechnical Engineering & Soil Testing — Al-Khafaji &Andersland)

% Nguon goc sai so trong thi nghiém ba truc:

— Thi nghiém khong thodt nudc: Xéo dong trong khi léy va chuin bj mau; Cac bot
khong khi bi giir lai gitta dat va mang cao su hodc dau mil; Mang cao su qua day hoic
bi thung; Su kin nuéc tai ddu mil kém, c6 bot khong khi trong dudng nudc 16 rong;
Ung suat hong tac dong qua dau mil (Phai boi tron dé ngin can diéu do); Dt khong
bao hoa (Co chira khong khi chiu nén)

— Thi nghiém thoat nudc: Tdc d6 dit tai qua nhanh 1am cho ap luc nude 16 rong du
khong giit bang khong duoc; Bit kin khong hiéu qua trong hé théng thay ddi thé tich;
Ton that tai trong trong pittdng gia tai doc truc do 1am tron kém; Sy do khong nhay
lic bién dang con nho 1a do d6 cling cua dat luc dau cao

Két lud@n: Thi nghiém d6 bén chdong cat duoc dung rong rai nhat 1a thi nghiém nén 3 truc.

% Representative values for angle of internal friction @

Type of test*
Unconsolidated- Consolidated- Consolidated-
undrained, undrained, drained,

Soil Uy CuU CD
Gravel

Medium size 40-55° 40-55°

Sandy 35-50° 35-50°
Sand

Loose dry 28-34°

Loose saturated 28-34°

Dense dry 35-46° 43-50°

Dense saturated 1-2° less than 43-50°

dense dry

Silt or silty sand

Loose 20-22° 27-30°

Dense 25-30° 30-35°
Clay 0° if saturated 3-20° 20-42°

*See a laboratory manual on soil testing for a complete description of these tests, e.g., Bowles (1992)
Notes:

1. Use larger values as y increases.

2. Use larger values for more angular particles.

3. Use larger values for well-graded sand and gravel mixtures (GW, SW).

4. Average values for gravels, 35-38°; sands, 32-34°.

5.Silt or silty sand 20-30°.

(T 108 - Foundation analysis and design — Joseph E.Bowles)
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+ Ap luce nuée 16 réng va ing suat hiéu qua:

— Ap lyre nuoc 16 rong u: lap luc gay ra trong chét 1ong chra day 16 rong. Chat long
trong 16 rdng c6 thé truyén ing sut phap nhung khong truyen duoc tmg suit tiép, vi
thé nén khong tao dwge sire chong cdt. Ap luc nude 16 rdng d6i khi duoc goi 12 ap luc
trung tinh.

— Ung suat hiéu qua ¢’ 1a © ing suét truyen cho két cau dat qua chd tiép xuc gilra cac
hat. Ung sudt hiéu qua diéu khién blen dang, lam thay d6i thé tich va sue chéng cit
ctia dat va ing suat phap va Gmg suat tiép truyén qua dugc chd tiép xtic hat véi hat.

+ Terzaghi (1943) chi ra rang v6i dét bio hoa, ing suat hiéu qua c6 thé xac dinh theo
su chénh 1éch gitta ing suat tong va ap luc nudc 16 réng: 6°= 6-U (1)

+ Ung suit hiéu qua khong phai 13 tng suét tiép xuc thuc giita hat véi hat, ma 1a
ung suat trung binh gitta cac hat trén mot dién tich phang bén trong khoi dat.

£ Biéu thirc trén co do tin cdy cao khi: hat dat khong chiu nén va dién tiép xuc
gitra cac hat nho.

+ Ung suat hiéu qua tinh cua 16p phu tai d6 sdu da cho: 6°;,= 6:-U;
Effective strength of conhesive soils

Type Soils description/state  Effective conhesion(kPa) Friction angle(degrees)

Cohesive Soft-organic 5-10 10-20
Soft-Non organic 10-20 15-25
Stiff 20-50 20-30
Hard 50-100 25-30

(T82 - Hanbook of Geotechnical Investigation and Design Tables)

Typical friction angle of granular soils.

Type Description/state Friction angle(degrees)
Conhesonless Soft sedimentary(chalk, shale, siltstone,coal) 30-40
Compated Hard sedimentary(conglomerate, sandstone) 35-45
Brocken rock Metamorphic 35-45
Igneous 40-50
Conhesionless Very loose/loose 30-34
Gravels Medium dense 34-39
Dense 39-44
Very dense 44-49
Conhesionless Very loose/loose 27-32
Sands Medium dense 32-37
Dense 37-42
Very dense 42-47
Conhesionless Losse
Sands Uniformly graded 27-30
Well graded 30-32
Dense
Uniformly graded 37-40
Well graded 40-42

(T82 - Hanbook of Geotechnical Investigation and Design Tables)
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% Tri tiéu chuin caa lrc dinh cho don vi ¢® (kPa), géc ma sat trong ¢ (°) va m6 dun bién
dang E (kPa) ciia dét cat (khong phu thudc vio ngudn goc, tudi va do 4m)

Loai dit cat Ky hiéu cac dac Dic trung cua dit ing voi hé sb rong e
frung 0,45 0,55 0,65 0,75
cte 2 1 - -
Cat 13n s6i va cat thd @ 43 40 38 -
50 000 40 000 30 000 -
ct 3 2 - -
Cat tho vira @ 40 35 38 -
E 50 000 40 000 30 000 -
c® 6 4 2 -
Cat min @ 38 36 32 28
E 40 000 38 000 28 000 18 000
ct 8 6 4 2
Cat bui @ 36 34 30 26
39 000 28 000 18 000 11 000

% Tri t/c ciia lwe dinh cho don vi ¢ (kPa) va goc ma sat trong ¢ (°) clia dat sét tram tich

ky thir tw
Loai dét sét va gi¢i han tri tiéu Ky higu cac Dic trung cua dat tmg vai hé so rong e
: IS S dac trun
chuan cua chi so sét ac frung 0,45 0,55 0,65 0,75 | 0,85 | 0,95 | 1,05
cua dat
ce 15 1 8 - - - -
0<1<0.25
) oF 30 29 27 - - - -
A cét
ce 13 0, 0, 8 ; ; ]
025<1,<0,75
o° 26 26 24 21 - - -
ce 47 37 31 25 22 19 .
0<I< 0,25
B ¢° 26 25 2 23 22 20 -
) ce 39 34 28 23 18 15 -
A sét 025<1,<0,5
o© 24 23 22 21 19 17 -
¢ - - 25 20 16 14 12
05<1<0,75
) o° - - 19 18 16 14 12
ce - 81 68 54 47 41 36
0<I< 0,25
B ¢° - 21 20 19 18 16 14
ce - . 57 50 43 37 32
Sét 025<1,<0,5
o° - - 18 17 16 14 11
ce - - 45 41 36 33 29
05<15<0,75
@ - - 15 14 12 10 7

(T70 — TCVN9362-2012: Tiéu chudn thiét ké nén nha va cong trinh)
14. Tinh thAm cia nwéc trong dit (Permeability)

Tinh tham /(hay tinh dan thuy luc) 1a kha ning cua dat cho nudc di qua. Hé s6 thim K 1a
van téc tham khi gradlent thuy luc bang don vi. Gia tri K dugc dung dé do suc can cia
dat v6i dong thdm va chiu anh hudng cua mét sd yéu td sau:

— Do rong cua dat
— Sy phén b thanh phan hat
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Hinh dang va dinh huéng cta hat dat

B¢ bao hoa/co mat khong khi

Loai cation va bé day 16p. hap phu hat bam véi1 khoang vat sét.

Do nhét cua nude dudi dat n6 bién dbi theo nhiét do.

Giatr1 K b1en do6i trong pham vi rong, tur 1000m/s cho cudi rat tho, toi gan bang 0 véi dat
sét. Trong dat roi, k bién doi ty 1¢ nghlch VOl gia tri bé mat riéng. Pham vi gia tri K trung
binh va kha ning thoat nudc cho cac loai dat khac nhau & trong bang sau:

PHAM VI CAC GIA TRI K

102

10t Cuoi sach Thoét nuée rat tot

10

10-2

10 Cat sach, cat va cudi hon hop Thoat nudc tbt

10* Dit sét phong hoa va nit né

10°  Catrit min

10®  Bui va cat bui Thoat nudc kém

107

108 Bui sét (>20 % sét)

Dit sét khong nut né Thuc té khong thAm

nuoc

10°
Permeability based on soils classification.

Soil type Description USC symbol Permeability, m/s
Well graded GW 10-3t0 10-1

Gravel Poorly graded GP 10-2t0 10
Silty GM 10-7 to 10-5
Clayed GC 10-8 to 10-6

Sand Well graded SwW 10-5to 10-3
Poorly graded SP 10-4 to 10-2
Silty SM 10-7 to 10-5
Clayed SC 10-8 to 10-6

Inorganic silts Low plasticity ML 10-9 to 10-7
High plasticity MH 10-9to 10-7

Inorganic clays Low plasticity CL 10-9 to 10-7
High plasticity CH 10-10to 10-8

Organic With silts/clays of low plasticity oL 10-8 to 10-6
With silts/clays of high plasticity OH 10-7 to 10-5

Peat Highly organic soils Pt 10-6 to 10-4

(T93 - Hanbook of Geotechnical Investigation and Design Tables)
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N6i chung: kha kho khin dé c6 duge miu nguyén dang dé mé phong duoc ¢ trong phong
thi nghiém diéu ki¢n dong tham va ing suat thuc ngoai troi lai cang khé khan hon.

Su khéc biét chu yéu giita diéu kién thi nghiém trong phong va ngoai troi la:
— Dung trong va d6 rong thay doi
— Lép nén va huéng dong thdm thay d6i
— MaAu nhé, han ché kha niang mo phéong diéu kién di hudng
—  Ap lyc nuéce 15 rong va tng suit hiéu qua bién ddi

Thi nghiém thim & trong phong:

Vi nhitng Iy do nhw & trén, bdt cir lic ndo c6 kha ndang va thich hop la phdi tién hanh
thi nghiém trong phong nhiéu hon thi nghiém ngodi troi. Gia tri k ¢6 pham vi rong, nén
tly theo loai dat ma chon phuong phap va thiét bi thi nghiém khac nhau. Hién nay céac
phuong phép thi nghiém pho bién nhat 1a:

& Tinh thdm theo phwong phdp cét nwéc khéong doi: thich hop cho cudi va cat co
K >10*m/s. Cho két qua tin cdy véi cac vat lidu thAim cao nhu: soi va cat sach. CAc tiéu
chuan duoc ap dung la: TCVN8723:2012; T215; D2434/D4511; Part 5: BS1377.

K = Q*L/A*h*t (mm/s) (Xem trong T154 — Co hoc dat ciia WHITLOW).

Nhin chung, thi nghiém cot nudc ¢ dinh cho két qua chinh xac hon, ap luc nudc thép
hon gia tri ¢6 thé lam dat bi nit v& hay xdo dong; thuong cho két qua tin cay véi cac vat
liéu tham cao: nhu séi va cat sach.

Két qua: Thi nghiém tham cho vit liéu khéng dinh (cat, séi...) thwong sai léch do khong
co kha nang nhdn duoc cac mau dai biéu cua vat lidu tham va do khong thé dat chung
vdo tham ké ma khéng bi phd hogi. Khéng chi khé ¢é dwoe cdc mdu nguyén dang ma
tham chi con khé cdc mau dai dién, vi hau hét tram tich dang hat rat that thuong.

& Tinh thdm theo phwong phdp cét nwéc thay déi: thich hop cho cat min, byi va
dat sét co K nam giiral 0 va 107 m/s.Thich hop hon
cho vat lidu tinh tham kém, vi kich thudc cua thiét bi
¢6 thé dugce diéu chinh sao cho viéc do cot nude va
thot gian voi1 doc hinh xé&c cao trong mot pham vi rong
cac gia tri cua hé s6 tham, nén thudng ding cho dat
dinh cac loai. Cac tiéu chuin duogc ap dung la: i
TCVN8723:2012; Part 5: BS1377.

h
o _23arl-le [h—;j (mm/s)
A= (t2—1t1)

(Xem trong T157 — Co hoc ddt ciia WHITLOW). Hé s6 thim = cdt ap thay ddi va khong dbi.

4 Thi nghiém tham cua dét trén may nén ba truc: ASTM D5084
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& Thi nghiém hép thdm Rowe:

thich hop cho dét co tinh thAm rat kém; xac dinh duoc
tinh thdm theo ca phuong dung (so d6 a) va phuong

ngang (so d6 b) véi do tin cdy cao. DO 1a loai thi
nghiém c6t nuée khong doi, moé phong gin sat cac gia

tri nhu hé s6 rong, ap luc nudc 16 rong va Gng suat
hiéu qua cua dat ¢ hién truong.

—  Hé s6 tham theo phuong dimg tinh theo CT sau:

__QL
A.Ah.t

v

—  Hé sb thim theo phuong ngang tinh theo CT sau:

R\
ln(—J
q r

A,

" T 2aL (h, —hy)

(Xem ky hon trong T81, T82 Co hoc ddt ing dung va tinh todn céng trinh trén nén ddt theo trang thdi
gioi han — Gido su tién sy dia ky thudt Phan Truong Phiét)

< Két luin:

—  Tinh tham ciia mau dat sét: t6t nhat nén xac dinh gian tiép theo tai liéu nhan duogc
khi tién hanh thi nghiém c6 két.

—  Tinh tham cua tram tich phan I6p: nhiéu tram tich gdm nhiéu 16p hodc thau kinh
vat liéu khac nhau vé ¢& hat va tinh thAm. Hé sb tham trung binh cua cac trAm tich do
khéc nhau nhiéu theo phuong ngang va phuong thang dting. Ty sd cac hé sd thim trung
binh theo phuong ngang va phuong dung ddi voi hau hét cac tram tich ty nhién: nim
trong pham vi gitra 1 hoac 2 t61 khoang 10.

ILTUONG QUAN GIUA CAC THi NGHIEM TRONG PHONG VA THi NGHIEM HIEN
TRUONG

1.Twong quan giira d chit twong ddi véi cac két qua thi nghiém SPT, CPTu,

truc, d9 sét B, chi sé nén ngang Ko

* D chdt cia cdt va cwong dp ciia sét tir gid tri SPT

Relative density of Sand Strength of Clay
Penetration Penetration Unconfined
Resistance - N Relative Density ResistanceN Compress Strength Consistency (B)
(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 R4t chat >30 >388 Hard

(Terzaghi and Peck, 1948 - T328 - Geotechnical Engineering & Soil Testing - Al-Khafaji &Andersland)
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+ Cuwong do cua cdt tir thi nghiém xuyén con

Relative density Dr(%o) Cone resistance, qc (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

(T63 - Hanbook of Geotechnical Investigation and Design Tables)

+ 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° 2.5-4.5
Dense Dr = 65-85% @ = 40°-45° 4.5-9.0
V.Dense Dr > 85% @ > 45° >90.0

(T64 - Hanbook of Geotechnical Investigation and Design Tables)

2. Twong quan giira h¢ so co ket, h¢ so tham, chi s0 nén, chi s0 né, hé s6 nén thir cap,
hé so nén the tich, hé so qua co két, ap luc tién co ket, ...vdi cac thi nghiém khac.
+ Twong quan giira hé so co két véi hé so tham, hé so nén thé tich

Thong so Su twong quan
Coefficient of vertical consolidation Cv=k/(my. yw)
Coefficient of permeability K
Unit weight of water Yw
Coefficient of compressibility my
Coefficient of horizontal consolidation Ch=2 to 10 Cv
Coefficient of vertical permeability ky
Coefficient of horizontal permeability kn=2 to 10 ky

(T96 - Hanbook of Geotechnical Investigation and Design Tables)

Theo tiéu chuan 22TCN260-2000: Hé s6 ¢ két theo phuong ngang Ch (cm?/sec) ciing
c6 thé duoc xac dinh thong qua thi nghiém nén lun khong né hong ddi véi cac mau
nguyén dang lay theo phuong nam ngang theo TCVN 4200-86. Néu ving dat yéu cb két
gdm nhiéu 16p dit co Cn khac nhau thi tri s6 dung dé tinh toan 1a tri sé Ch trung binh gia
quyén theo bé day cac 16p khac nhau 86. O giai doan lap du an kha thi, cho phép tam
ding quan hé sau dé xac dinh tri s Ch dua vao tinh toan: Ch= (2+5)Cy

+ Gia tri hé so c6 két véi gioi han chay (NAVFAC, 1988)

Liquid limit | 30 | 40 50 60 70 80 90 100 110

H¢ s6 co két, Cym%/yr

Undisturebed-Virgin 120 50 20 10 5 3 15 1.0 0.9

compression
Undisturebed-

20 10 5 3 2 1 0.8 0.6 0.5

Recompression
Remoulded 4 2 15 1.0 0.6 0.4 0.35 0.3 0.25
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Ghi chu: - LL > 50% con phdai phu thudc vao Sét/ Bui c6 tinh déo cao.

- LL > 50% con phai phu thudc vao Sét/ Bui c6 tinh déo thép.
(T97 - Hanbook of Geotechnical Investigation and Design Tables)

£ Chi s6 nén: Cc

Theo Geotechnical Properties of Soils - 733, T36 ta c6 su tiwong quan nhu sau:
e Skempton (1944): Cc =0.009(LL-10)

1+
o Rendon-Herrero (1983): Cc = 0.141Gs2 ( ;‘3’)2-38
5
o LL(%)
e Nagaraj va Murty (1985): Cc =0.2343] o0 1Gs

no

e Park va Koumoto (2004): Cc =
371.747—4.275n0

« Wroth va Wood (1978): Cc = 0.5Gs( ~1o=2) (Néu Ge=2.7)
\ PI(%)
e Kulhawy va Mayne, (1990): Cc= ) 1)

e Theo Co hoc dit ing dung va tinh todn cong trinh trén nén dat theo trang thai gidi
han—T105tac6: a=0.435Cc/p  (p=/plp2)
+ Chisé né : Cs
e3—ed

o
log (37

— Theo Geotechnical Properties of Soils - T36 taco: Cs =

— Theo Nagraj va Murthy (1985) — (Theo Co hoc dit tmg dung va tinh toan cong trinh
trén nén dat theo trang thai giéi han —T122), c6 Cs = 0.0463(Wen/100)A

Hau hét cdc truong hop, gid tri Cs = 1/4+1/5 C.

Déi véi dat sét qud cé két, thi viéc xdc dinh Cs la quan trong va can thiét cia qud trinh
lun cé két. (Theo Geotechnical Properties of Soils-T37) ta co:

\ PI{%)
— Theo Kulhawy va Mayne (1990): Cs = — (2

Tu (1) va (2) ta co: Cs~1/5C;

& H¢ sé nén thir cdp: Ca
Correlation equations for soil compressibility/consolidation

Compression index, Cc Comments Source/Reference

Cc = 0.009(w. - 10) (+30% error) Clays of moderate St Terzaghi and Peck (1967)
Cc = 0.31(eo + 0.003w, + 0.0004wy - 0.34) 678 data points Azzouz et al. (1976)

Cc =0.141Gs (ysat / Yary)?* All clays Rendon-Herrero (1983)
Cc = 0.0093Wn 109 data points Koppula (1981)

Cc =-0.0997 + 0.009w, + 0.00141p +
22
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+0.0036Wi + 0.1165€0 + 0.0025Cs
Cc = 0.329[WnGs - 0.027W5 +
0.0133/1p (1. 192 + Cp/Ip)

Cc = 0.046 + 0.0104/Ip

Cc = 0.00234w, Gs

Cc =1.15(e0 - 0.35)
Cc = 0.009Wy + 0.005W
Cc =-0.156 + 0.411eo + 0.00058W,

109 data points

All inorganic clays
Best for IP < 50%

All inorganic clays

All clays
All clays
72 data points

Koppula (1981)

Carrier (1985)

Nakase et al. (1988)

Nagaraj and Srinivasa Murthy
(1985, 1986)

Nishida (1956)

Koppula (1986)

Al-Khafajiand Andersland (1992)

Recompression index, Cr

Cr =0.000463W_.Gs

Cr =0.00194(lp - 4.6)
=0.05t00.1 Cc

Best for Ip < 50%

In desperation

Nagaraj and Srinivasa Murthy
(1985)
Nakase et al. (1988)

Secondary compression index, Ca

Ca = 0.00168 + 0.00033Ip

Nakase et al. (1988)

=0.0001Wy NAFAC DM7.1 p. 7.1-237
Ca =0.032Cc 0.025<Ca<0.1 Mesri and Godlewski (1977)
=0.06 to 0.07Cc Peats and organic soil Mesri (1986)

=0.015 to 0.03Cc Sandy clays Mesri et al. (1990)

Notes: 1. Use W, Wp, Wh, Ip as percent, not decimal.

2. One may compute the in situ void ratio as eo = Wy Gs if S—» 100 percent.
3. Cp = percent clay (usually material finer than 0.002 mm).
4. Equations that use e,, Wy and Wy are for both normally and overconsolidated soils.

(T 89 - Foundation analysis and design — Joseph E.Bowles)

& H¢ 56 nén thé tich : my

Hé s6 nén thé tich (after Carter, 1983)

Cwong | Tinh Hé s6 nén thé tich Constrained Modulus,
Loai sét ,
do nén mv (102 kPa?) 1/ my(MPa)

Sét tang, da bun phong hoda qua co Ciing Rat <0.05 =20
két ning i i thap
Sét tang, sét d6 nhiét ddi, qua co Rat Thép 0.05+0.1 10 = 20
ké'g trung binh cung
Tram tich ho, sét mac no da bi Cung Trung

L . 0.1 <03 3.3+10
phong hoa, cac loai sét c¢o ket tur it vira binh
Sét boi tich ¢ két binh thuong 0.3 + 1.0(Khong nhay)
(Tram tich & ctia song, bai boi va Mém Cao 0.5 = 2.0(Pét hitu co, 0.7+3.3
sét nhay. nhay)
Sét va bun bdi tich 1an nhiéu hitu Rat ,

. Rat cao >1.5 <0.7

co. meém

(T128 - Handbook of Geotechnical Investigation and Design Tables)
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H¢é s6 nén thé tich nhan dwoc tir gia tri N - SPT (Stroud va Butler, 1975)
Chi s6 déo | H¢ s6 chuyén my(10°kPa™) ; my - 1/(f,N)
(%0) dbi (f,) 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 0.21 0.10 0.07 0.05 0.04
40 450 0.22 0.11 0.07 0.06 0.04
(T129 - Handbook of Geotechnical Investigation and Design Tables)
+ H¢ 56 qud cé két OCR: For the field vane test

OCR = 22(s./p,)(Ip) 048
Doi voi dat sét qua co ket: OCR = 5w/Po)
R o 0.08 + 0.55I,
- Tuong quan v6i thi nghiém field vane
va cone penetrometer

For the cone penetrometer test:

_Su _ Ge—po)
T P, Ni

e s A 1 = 0.11 +0.00370p [see Eq. (2-60)]
- Tuwong quan véi thi nghiém flat ' r

dilatometer

FSr tﬁe fiat diiatometer test:
OCR = 0.24K}%

(Xem ky hon trang 43, 44 - Foundation analysis and design — Joseph E.Bowles)

Overconsolidation from dilatometer testing using the above relationship.

— Kp = 1.5 @i voi tram tich cat ty nhién (C6 két binh thuong)

— Kp =2 d6i véi sét (CH két binh thuong)

— OCR = (0.5 Kp)®® (Kulhawy and Mayne, 1990).

— Béng sau chi d6i v6i sét nhay.

1.5-3.0 2.5-6 3-8 5-10 8-20 12-35 20-50

KD

OCR= 1 2 3 5 10 20 30
Ghi chd: - Chi d6i v6i dat sét con nguyén dang.

- Déi voi sét bi nirt né: OCR = 25 + 80 voi Kp= 7 + 20.
(T85 - Hanbook of Geotechnical Investigation and Design Tables)

Sur tuwong quan gitka hé s6 qud cé két OCR véi thi nghiém CPTu

Tir ndm 1978 d4 ¢ nhiéu tai liéu cta nhiéu tac gia nghién ciu va dé xuét phuong phap
xéac dinh hé sé qua cb két OCR tir két qua thi nghiém CPTu. Kuhaway va Mayne (1990)

da dua ra cong thirc tinh OCR nhu sau:
U.—Uo
OCR=K —
Vo

(U2, Uo : ap luc nudce 16 rong va ap lyc thuy tinh;  K: hé s6 kinh nghiém)

Twong quan gitta OCR, o’p va CPTu
(CPTu Tests — Cac trang 6-8, 6-11, 6-12)

e Bartlett va Alcorn nam 2004 da dwa ra:
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6°plovo=0.311955 [qt IGvo }-6818076
e Mayne va Kemper nam 1988 da dua ra:
OCR =0.37 (6 - ov0) / 0o |
o Sugawara va Kemper nam 1988 da dwa ra quan hé doi voi dat sét o Nhat:
OCR = (gt- 6vo) / kove (2.5<k<5)
e Mayne va Bachus nam 1989 da dua ra:
OCR =0.38 [ (AU /G'vo) — 1 ]1-33

Heé so qua co ket tw hé so cuwong do khong thoat nwoc

The friction angle of the soil influences the OCR of the soil.
Sensitive CH clays are likely to have a lower friction angle.
CL sandy clays are likely to have the 30 degree friction angles.
Clayey sands are likely to have the higher friction angles.

Over consolidation from undrained strength ratio (after Mayne et al., 2001).

Cu/ 6’v 0.2 022 03 0.4 0.5 0.7 1.0 125 15 2.0
Friction angle Over consolidation ratio (OCR)

20 1.5 1.7 2.3 31 38 5 8 10 11 15
30 1.0 1.0 14 19 2.4 3.3 5 6 7 10
40 1.0 1.0 1.0 1.4 1.7 24 35 4 5 7

Applies for unstructured and uncemented clays.
Value of 0.22 highlighted in the table as this is the most common value typically adopted

Heé sd cudng dd khong thoat nude phu thude vao do quéa cd két (After Ladd et al., 1977)

Hé s6 qua cb két Cu/e’y
OCR Sét OH Sét CH Sét/Bui CL
1 0.25+0.35 0.2+0.3 0.15+0.20
2 0.45+0.35 04+05 0.25+0.35
4 0.8+0.9 0.7+0.8 0.4+0.6
8 12+15 09+12 0.7+1.0
10 15+17 13+15 08+12

(T86 - Hanbook of Geotechnical Investigation and Design Tables)

Twong quan giita OCR va Su (VST)
Chandler 1988 : Sy, w / po = S1(OCR)™ (Normally consolidated clays m~0.95, S1~0.25)
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Dur bdo hé sé6 OCR tir két qud thi nghiém cdt canh:

(T 194- Thi nghiém dat hién trwong va img dung trong phdn tich nén méng)
Hé s6 qua cd két OCR c¢6 thé du bao duge tir Sy cta dat sét khong nurt né nhu sau:
OCR ~ avst SyvsT) /6°vo
Mayne va Mitchell (1988) cho rang:
- Thong thuong: avst ~ 3.22+3.54
- Tong quat: ayst ~ 22P1048
Du bdo hé sé OCR va Ko cua dat sét dwa trén két qua PMT

(Xem trong T186 - Thi nghiém ddt hién truong va iing dung trong phdn tich nén méng)
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
e For intact clays only

e  For fissured clays OCR = 25 to 80 with KD =7 to 20
(T85 - Hanbook of Geotechnical Investigation and Design Tables)

+ Twong quan giiva dp luc tién cé két vdi cdc thi nghiém Khac
e Stas and Kulhawy (1984) correlated the preconsolidation pressure with liquidity

index in the following form: o'

.Il:l-

:['lll =L I

o Gidtriap luc tien cé két tir CPTu.
(a) 100

Average Trend: o,' = 0.40(Au,)
[ Intact Clays: e E%g%&c
F 0,/ps = 0.91(Auy/p,)* %), 02

10 F
E Type 1 Piezocones

Average Trend: o' = 0.53 (Au,)

C % far)
30 [ Intact Clays sap o
“1100 I 0,,' ~1.03 (Auz)/p.]o‘nlp'&m

10 DD%%E

o

& [ Type 2

- L Piezocones
Q.

©

O, /Pa
(I

60 siles 1E

B4 sites
611 points

884 points

& intact
o fissured

e ntact
o fissured

0.1 1 10 100 0.1 1 10 100
(TPRTI Y/ (uz-u,)/p,

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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o Ap Iy tién co két tir thi nghiém xuyén con

Ap luc tién ¢ két tir stre chéng ddu miii xuyén (Theo Mayne et al., 2002).

Net cone stress Qe kPa 100 200 500 1000 1500 3000 5000
P’

Preconsolidation P. | KkPa 33 67 167 333 500 1000 1667

pressure

Excess — POr® | Ay | kPa | 67 133 | 333 | 667 | 1000 | 2000 | 3333

water pressure

(T83 - Hanbook of Geotechnical Investigation and Design Tables)
Ghi chu:
-Chi doi voi dat sét con nguyén dang.
-Doi véi sét bi nirt né: P’e= 2000 ~ 6000 véi Au= 600+ 3000 kPa.
-Gia tri nay chi dung voi TN CPTu. Khong thich hop voi TN CPT.
e Ap luc tién cé két tir Dilatometer
Ap luc tién ¢ két tir strc chéng ddu miii xuyén
(Theo Mayne et al., 2002).(T84 - Hanbook of Geotechnical Investigation and Design Tables)
Overconsolidation Concept

Net contact pressure | P’- Uo | kPa 100 200 500 1000 1500 3000 5000
Preconsolidation

P’c kPa 50 100 250 500 750 1500 2500
pressure

Ghi cha: - Chi gféi véi dat sét con nguyén dang.
- Doi vdi sét bi nit né: P’c= 1000 + 5000 véi Po-u,= 600+ 4000 kPa.

o Ap lyc tién co 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 luc tién cb két duoc ude tinh 14

s
o
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Figure 6-26 Transformation from field vane shear
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+ 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).

5to 10 cm?
Ch =—/—/—

— H¢ s0 c6 két ngang: T flex

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

T fiex (Min) Rating
(25)(7.5mm)?  14.06mm?
ChpMT = = <10 Very fast
tso tso
10to 30 Fast
30to 80 Medium
80 to 200 Slow
> 200 Very slow

3. Twong quan giira mé dun dan hoi, mé dun cat,... v6i cac thi nghiém khac ciia nén
dat

* MOoi quan hé gitta mddun dan hoi va mo6 dun nén 1 truc

E'= Eo% Vi v=0.3 ta c6 E’=0.74E, (Trong d6: E’: m6 dun dan

hoi thoat nudc ; Eo: md dun nén 1 tryc)
£ Modun cét lién hé véi mo dun dan hoi:
G = E/2(1+v) ’
Mo dun cat 1a co s¢ cua ly thuyét nén ngang Menard.
(T34, T35- Cam nang danh cho ky sw dia ky thudt)
+ Mo dun dan hoi
Hién nay thudng dung cac phuong phap: nén khong thoat nudc bang may ba truc (lay
bang médun tiép tuyén ban dau). Cac thi nghiém xuyén hién truong, néu khong co diéu
kién thi nghiém thi tham khao tri s6 cho trong bang sau:
Nhiéu thi nghiém khao sat nhan thay mé dun dan héi Ee ¢6 quan h¢ thong ké véi tri s6 N
cua thi nghiém xuyén tiéu chuan SPT.
e DJi Vvdi cét
— Néu dung thi nghiém xuyén tiéu chuan Theo Schmertman (1970) c6:
Ee (KN/m?) = 766.N (tri s6 N cua SPT).
— Néu dung thi nghiém xuyén con tinh (CPT) thi tri s6 E, xac dinh theo tri s6 khang
xuyén tinh qc theo Schmertman va Hartman (1978) co:

Cat

Kich thuéc mong LxB
Nén binh thuwong (NC) Nén qua (OC)

LB=1 Ee=2.50c Ee=50qc

Cha y: Ee va qc ¢6 cung don vi KN/m?
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e Déi véi dat dinh

Déi véi dat hat min, ding modun bién dang khdng thoat nudc Ey thay cho E, dé tinh do

lGn twc thoi: theo Schmertman va Hartman (1978). Tri s6 E ¢6 quan hé véi luc dinh
khong thoat nudce ¢y

Pat nén binh thwong (NC) Pit nén qua (OC)
Cu :( Jc - sz)/Nk Ny = 1521 Nk = 24+30
(624=ttng SU4t ban than E. = (250 + 500) Cu E. = (750 + 1000) Cu
tinh dén d6 sau thi
Chuy: Nelahéssciacon ; EyvaCycé cing don vi KN/m?

o Cdc tri s6 mé dun dan hoi tham khéo ding dé tinh lin tirc thoi Ee

Loai dat Ee (Eu)

Cét x6p 10.35-24.15

Cét chat vira 17.25-27.6
Cat chat 34.5-55.2

A cat 10.35-17.25
Cat 13n soi 69-172.5
Dét sét mém 4.1-20.7

Dat sét cing vira 20.7-41.4
Dit sét ciing 41.4-96.6

S6 liéu ldy theoBraja M.Das.Principles of Foundation Engineering, Third Edition-1995

+ Nhirng thong s6 bién dang tir két qua CPT (Fugro, 1996; Meigh, 1987)

Théng s6 Twong quan Chu giai

Hé s nén thé tich my my = 1/(a qc) Dbi dat qua cb két nhe va trung binh

o =5- Loai dat : CH, MH, ML

o =6- Loai dit : CL, OL.

o= 1.5 - Loai dat : OH véi d6 am >100%, véi dat sét qua cd

o =4 — Loai dat: CH, MH, CL, ML

o =2 — Loai dat: ML, CL v&i qc >2MPa

Constrained modulus, M M=3qc M=1/m,
Modun dan héi (Young’s) E=25qc
E=350q

(T129 - Handbook of Geotechnical Investigation and Design Tables)
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& Ddnh gid mé dun bién dang ciia sét dwa trén két qua CPT

Mayne 1988 sir dung ECPT va kién nghi twong quan sau: M = 8,25 (gt~ o)

Mo dun bién dang khong né hong M

Q DA A A
at A
c :M/qc QC Pat =M/C]C
<7 3+8 Bun va sét chira hitu co (Pt, OH)
7+20 | Sétco do déo thép (CL) 9-5 50 <W < 100 1544
<7
>20 1+2,5 100 < W < 200 1+15
>20 , o 36 W > 200 0,4+1
Bui ¢6 d6 déo thdp (ML) ,
<20 1+3 20-30 ba phan 2+4
<20 Pét dinh d6 déo cao (MH, CH) 2:6 <50 2
Cat
<12 Bui chtra hitu co (OL) 2:8 >100 15

(T64, 65 — Thi nghiém dat hién truong va vmg dung trong phdn tich nén méng)

* Typical values for Young’s modulus of various materials(after Gordon, 1978)

Classification Material Young’s modunlus, Edh (MPa)
Soils Soft clays 5

Stiff clays, loose sand 20

Dense sand 50
Rock Extremely wethered, soft 50

Distinctly weathered, soft 200

Slightly weathered, fresh, hard 50.000

(T127 - Handbook of Geotechnical Investigation and Design Tables)

+ Elastic parameters of various soils

Type Strength of soils Elastic modunlus, E(MPa)
Short term long term
Gravel Loose 25-50
Medium 50 - 100
Dense 100 - 200
Medium to coarse Very loose <5
Sand Loose 3-10
Medium dense 8-30
Dense 25-50
Very Dense 40 - 100
Fine sand Loose 5-10
Medium 10-25
Dense 25-50
Silt Soft <10 <8
Stiff 10-20 8-15
Hard >20 >15
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Clay Very soft
Soft
Firm
Stiff
Very stiff
Hard

<3 <2
2-7 1-5
5-12 4-8
10-25 7-20
20-50 15-35
40-80 30 - 60

(T127 - Handbook of Geotechnical Investigation and Design Tables)

+ Value range for the static stress-strain modulus Es for selected soils

Soil Es, MPa
Clay  Very soft 2-15
Soft 5-25
Medium 15-50
Hard 50-100
Sandy 25-250
Loess 15-60
Sand  Silty 5-20
Loose 10-25
Dense 50-81
Sand and gravel
Loose 50-150
Dense 100-200
Shale 150-5000
Silt 2-20

(T125 - Handbook of Geotechnical Investigation and Design Tables)

+ The following empirical correlations may be used to estimate Es for cohesive

soils:

- Normally consolidated sensitive clay: Es = (200 to 500) x Sy

- Normally consolidated insensitive and lightly overconsolidated clay: Es = (750 to 1200) x Sy

- Heavily overconsolidated clay: Es = (1500 to 2000) x Sy
(T127 - Foundation analysis and design — Joseph E.Bowles)

+ Preliminary soil modulus from cone penetration tests

Relative density

Cone resistance, qc

(MPa) modulus 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)

Typical drained elastic



Thac si DCCT Ngo Lé Thuy

+ Mo dun cia dét sét tir gia tri SPT
E’ thodt nudc va Ey khong thodt nudce tu gid tr1 SPT (CIRIA, 1995)

Vit liéu E’/N (MPa) Eu/N (MPa)
Set 0.6-0.7 1.0-1.2
0.9 (v6i a/quie = 0.4-0.1) | 6.3-10.4 (v&i (g sudt nhd g/qur <0.1)
P4 yéu 0.5-2.0 d6i v6i N=60

— Eu/N=1is appropriate for footings.
—  For rafts, where smaller movements occur EW/N=2.
—  For very small strain movements for friction piles Ew/N=3.
(T130- Hanbook of Geotechnical Investigation and Design Tables)
& Mo dun ciia dit tiv gid tri SPT va chi sé déo (Industrial floors and pavements

Guidelines, 1999)

Es/N Vit liéu
35 Pit it dinh va Cat, soi, cudi
2.5 PI théap (<12%)
1.5 Pl trung binh (12%<P1<22%)
1.0 PI cao (229%<PI<32%)
0.5 PI rat cao (PI>32%)

—  Ap dung d6i véi nén cimg
— Khéng dung d6i voi sét mém yéu
(T131- Hanbook of Geotechnical Investigation and Design Tables)
+ Variation of the undrained modulus with overconsolidation ratio

OCR=0verconsolidation ratio Soil plasticity Eu/Cu
<2 Pl < 30% 600-1500
2-4 400-1400
4-6 300-1000
6-10 200-600
<2 PI=30-50 % 300-600
2-4 200-500
4-10 100-400
<2 PI > 50 % 100-300
2-10 50-250

(T130 - Handbook of Geotechnical Investigation and Design Tables)

+ Drained modulus of clays based on strength and plasticity index

Soil plasticity index E’/Cu
10-30 270
20-30 200
30-40 150
40-50 130
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50-60 110
(T130 - Handbook of Geotechnical Investigation and Design Tables)

+ Equations for stress-strain modulus Es by several test methods

Soil SPT CPT
Sand (normally consolidated) Es = 500(N +15) Es=(2to4)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 = (6 to 30)q.
Gravelly sand Es=1200(N + 6)
=600(N + 6) i N<=15
=600(N + 6) + 2000 ; N> 15

Clayey sand Es = 320(N +15) Es = (3to 6)qc
Silts, sandy silt, or clayey silt Es = 300(N + 6) Es=(1to 2)qc

If q. < 2500 kPa use E’s =2.5q.

2500 <g.< 5000 use E's = 4q. + 5000
Where

E's = constrained modulus = 1/mv = M
A+wa-2p

Soft clay or clayey silt Es = (310 8)q.

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

+ Equations for stress-strain modulus Es by several test methods (continued)

Es in kPa for SPT and units of gc for CPT; divide kPa by 50 to obtain ksf. The Af values should be
estimated as N55 and not N70.

Soil

Use the undrained shear strength sy in units of s,
Clay and silt I > 30 or organic Es= (100 to 500)sy
Silty or sandy clay Ip < 30 or stiff Es = (500 to 1500)sy

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 1% (b)
and Ip = plasticity index in percent. Use 20% < Ip < 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)

(Xem ky hon tai T 317 - Foundation analysis and design — Joseph E.Bowles)

+ Du biao Mé dun bién dang ctia dit 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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4 DPanh gia tinh bién dang cia dit dwa vao két qua DMT
(T163, T164 - Thi nghiém ddt hién truong va vmg dung trong phdn tich nén méng — Vii Coéng Ngi).

4. Twong quan giira sirc chdng cit va cac thi nghi¢ém khac

+ Sw twong quan giia sikc chong cd’t,khéng thodt nuwdc tiv thi nghiém cit tryc tiép
— Su (DST) vadi thi nghiém sirc chong cat khong thodt nwoc 3 truc (so do UU)-
Su (UU) va sikc chéng cit khong thodt nwéc tiv thi nghiém CPTu — Su (CPTu)
Theo tac gia Nguyén Dinh T, Bui Tan Hiéu — Lya chon thong s stc chdng cét khong
thoat nudc Su theo két qua thi nghiém CPTu va UU cho dat yéu khu d6 thi méi nha be
GS METROCITY (Tap chi bia ky thuat — 2010).

Su (DST) _ Su(CPT) _ Su(CPTu)  _
su(uu) L3 supsty ~h07 Su (UU) 1,39

Ba tuong quan sau chi c6 thé tham khao v&i do tin cdy nhat dinh cho dat yéu noi chung.
+ Sw twong quan giva géc ma sdt trong ¢
va dung trong

In general, the CD or slow test gives the greater internal friction angle @, while the UU or
quick test provides the minimum value of @.

nc

C
d (D Appolonia =t al. (1968)]
»

g of kel o, ¢

Unit weight y. gfcm>
(a} ® ve yp for several soils. [From Bowles (1974a).]

Tranil
Peak angle of iternal riction, = ¢ max

Figure 2-30

+ Sw twong quan giiva 0’and chi so déo I, d4i véi dit sét cé két binh thwong
(Ladd et al. (1977), Bjerrum va Simons (1960), Kanja va Wolle (1977), Olsen et al.

50 — T T T |
0 _
gor i
L F) — —
"J._ ———————
B 20~ —_—— e ]
Remolded
~ clays
10 "“--...___'__ —
0 | I 1 1 | | | | 1
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1. Bjerrum and Simons (1960) provided Eq. (2-59) as a best fit to curves given in Figs. 7 and

3.

8 of their work:
s /P, = 0.45(Ip)"/2 Ip > 0.5 (2-59)

This equation has a scatter in the range of +25 percent. Using the liquidity index [see Eq.
(2-14)] they derived an approximation of

su/pl, = 0.18(U)Y? I =05 (2-59a)

In both of these equations, use the plasticity index and liquidity index as decimal entries.
Equation (2-59a) has an estimated scatter of =30 percent.

A linear equation®! for the s5,/p/, ratio for nc clays was presented earlier in curve form by
Skempton and Henkel (1953, Figs. 8 and 9) which can be approximated from the plots as

sd/p, = 0.11 + 0.0037Ip (2-60)

In this equation use 7p in percent and not decimal.
Karlsson and Viberg (1967) suggest

5P, = 05w, wy > 0.20 (2-61)

where the liquid limit w; is a decimal value. This equation has a scatter of about =30
percent.

(T 108, 109 - Foundation analysis and design — Joseph E.Bow les)

4 Correlation for Undrained Shear Strength, Cu

Tac gia Twong quan Chu giai
C
~45D - 0.11+0.00037 (P
Oo’
- PI: Chi s6 déo (%) ) ., L,
Skempton (1957) | - Cyst): Stic khang cit khong thoat | Doi dat sét co két binh thuong
nude cua VST
- 6o’: Ap luc hi¢u qua 16p phu
CuvsT) C6 thé dung dbi v6i dat sét qua cd
Chandler (1988) | 0%, | o o000 (PD két; DO chinh xéc + 25%; Khong
oc: Ap luc tién co két cé gia tri do1 véi dat sét nhay va
nirt né.
. - Cu
Jamiolkowski, et — - 023+004 Lo iAo A4k
al.(1985) Cc Doi dat sét qua cd két nhe.
Cu
Mesri (1989) oo - 022
Cu 0,45 (PI9%/100) 05 Dai dat sét cd két binh thudng va
, = U 0 ' 0
Bjerrum va Simons | 2° PI>50%
(1960) Cu = 0.118 (Ln 0.15 r.oux y y
o Doi dat sét co ket binh thuong va
chi s6 chay L1> 0.5
(Cu/ Go’) DAt qué cb két - OCR® ; o
Ladd, et al. (1977) (Cul Go*)it b két binh thuong OCR = H¢ s0 qua c0 két = 6c/6o’

(T57 — Geotechnical properties of soils)
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+ Preliminary estimate of bearing capacity

Material Description  Strength Presumed bearing vaue(kPa)

Clay V.Soft 0-12kPa <25
Soft 12-25kPa 25-50
Firm 25-50kPa 50-100
Stiff 50-100kPa 100-200
V.Stiff 100-200kPa 200-400
Hard >200kPa >400

Sand* V.loose Dr<15% g<0° <50
Loose Dr=15-35% 9<30-35° 50-100
Med dense  Dr=35-65% 9<35-40° 100-300
Dense Dr=35-65% 9<35-40° 100-300
V.Dense Dr=85% g<45° >500

(T266 - Hanbook of Geotechnical Investigation and Design Tables)

* Nhitng thong so ciia sét tiv thi nghiém xuyén cén

Parameter Relationship

Comments

Undrained strength(Cu-kPa) Cu = qc/Nk
Cu =AU/Nu

Undrained strength(Cu-kPa) Cu = (qc —Po’)/Ni’
Corrected for overburden

Coefficient of horizontal Ch = 300/ts0
Consolidation (Ch-sq m/year)

Coefficient of vertical Ch=2Cv
Consolidation (Cy-sq m/year)

Cone factor (Nk) = 17-20

17-18 for normally consolidated clays 20
for over-consolidated clays

Cone factor (Nu)= 2-8

Cone factor (Nk’)= 15-19

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

t so — minutes (time for 50% dissipation)

Value may very from 1 to 10

(T60 - Hanbook of Geotechnical Investigation and Design Tables)

+ Ddnh gid sirc chéong cit ciia dit dwa vao két qua DMT

(T167, T168 - Thi nghiém dat hién trudong va img dung trong phan tich nén méng —

Vi Cong Ngir).

—  Ddnh gid géc ma sdt trong ciia dat cat dya vao két qua DMT

—  Ddnh gid sirc khang cdt Sy ciia dat sét dwa vao két qua DMT
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6. Twong quan giira tinh thAm ciia nudéc trong dat va cac thi nghiém khac
& Ddnh gid tinh tham ciia dit dwa trén két qua CPT
(T61— Thi nghiém dt hién trudng va mg dung trong phén tich nén mong)
Hé s6 thAm K ; ty s6 q1/Neo

Tén dit Ty 50 qr/Neo Hé s6 thim K(cm/s)
(CPT so vé6i SPT)
DAt hat min, nhay cam 2 10°
Hitu co, bin 1 10°
Sét, sét 14n it bui 15 10”7
Bui, bui I3n sét, sét nhidu bui 2 10°
Cét 1in bui 3 10
Cét 4.5 10
Cat t6i soi cit 6 10
Cét/4 cét rét cimg (qua cb két) 2 10°
DAt hat min rit cimg(qua cd két) 1 10°

+ Twong quan giira h¢ s6 ¢6 két ngang véi strc khang cat khong thoat nuéc Su
Teh va Houlsby (1991) cho ring gia tri Ch phu thudc rat nhiéu vao chi s6 do cing Ir
ctia dat va dua ra cong thirc sau:
Ch — RZ. T*.(lR)l/Z
t

(R: ban kinh mfii con; T*: nhan t6 thoi gian phu thugc do cb két U va loai
mili cén, vi U=50% thi T*=0,245; Ir = E/3Su; E = md dun Young XP = TN ¢b
két trong phong; Su: sttc khang cit khong thoat nudc ciia dat.

(Xem ky hon trong Tuyen tap cdc bao cao khoa hoc hgi nghi khoa hoc cong nghé TEDI — 2010
— Nghién citc XD mét sé tham sé dia ky thudt cua dat yéu dong bang Nam bj bang PP thi
nghiém xuyén tinh dién cé do ap lyc nudce 16 rong CPTu ciia Pang Cong Thudn va cdac thanh
vién khéac)

I1l.  THUC TRANG THi NGHIEM TRONG PHONG TAI VIET NAM VA NANG
CAO CHAT LUQNG THi NGHIEM TRONG PHONG TRONG KHAO SAT PCCT
TINH TOAN PHUC VU CONG TAC THIET KE CONG TRINH.

I11.1. Piéu tra dia chit cong trinh

Diéu tra dia chat cong trinh dau tién can thu thap, tong hop nhing tai liéu da nghién ctru
va khao sat trude day trong khu vuc dé c6 nhimng nét khai quat ciing nhu c6 dugc nhiing
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thong tin ban dau dé vach ra phuong an khao sat, diéu tra dia chit cong trinh cho khu
vuc.

Dua vao dia hinh, dia mao, vét 10 tu nhién, nhan tao dé so bo xac dinh duogc pham vi
phan bd cua ving dat yéu ca vé dién phan b, chiéu sau phan b va d6 doc ngang day 16p
dat yéu dudi cing dé xem xét cac phwong an cho tuyén vong tranh hoac cho tuyén cat
qua dat yéu & chd it bat loi nhat. Ciing can diéu tra xac dinh ngudn gay am, kha ning
thoat nudc, ciing nhu vi tri va kha ning khai thac cac mo dat dung dé dap nén duong.

111.2. Cong tac thi nghiém trong phong trong khao sét dia chét céng trinh

— Cong tac khao sat dia chat cong trinh, dia ki thuat phuc vu cho cdng tac thiét ké cong
trinh néi chung 1 cac cong tac hét sic quan trong, bao gom:

* Thu thap, tong hop tai liéu khao sét trong khu vuc ¢ giai doan trudc day;
* Thyc hién cong tac khao sat nén tai hién truong bao gom:
+ Cong tac khoan, dao tham do,
+ Thyc hién cac thi nghiém hién trudng, cong tac 1y mau;
+ Cong tac thi nghiém trong phong;
* Tong hop, chinh 1y céc tai liéu khao sat, danh gia va bao céo két qua khao sat nén
dat.

— C6ng téac thi nghiém trong phong dic biét rat quan trong 1la mot trong nhitng khau
khong thé thiéu dugc trong cong tac khao sat dia chat céng trinh (BCCT), dia ky thuat
nham cung cap ddy du, chinh xac cac thong sd ciia nén dat, stir dung dé thiét ké cac cong
trinh cau, duong, ham ,...Céc thong s6 d6 1a céc chi tiéu vé dat nhu: Dung trong thién
nhién; gbc ma sat trong;lyc dinh két; hé sd tham; hé sb cd két; stc khang cat; hé sb r5ng
tw nhién,... Cac du 4n 16n vé cau, duong,... thuong chi trong thi nghiém céc chi ti€u dac
biét nhu: thi nghiém 3 truc so &6 UU, CU, thi nghiém nén 1tryc nd hdng, nén c két (ap
luc tién cd két Pc, chi s6 nén 1n va Cc, chi sé nén lai Cr), hé sé rdng....

— Do tin cay cua thi nghiém trong phong phu thugc vao nhiéu yéu té: cong tac lay
mau, tay nghé cua thi nghiém vién, thiét bi thi nghiém, viéc tuan tha céc quy trinh, quy
pham thi nghiém hién hanh cta nha nudc,...;

— S0 véi cac thi nghiém hién truong thi thi nghiém trong phong véi wu diém gia
thanh re, dé thuc hién. Hién nay mot s6 thi nghiém d4 & dang tu dong, céc sé liéu doc ghi
va phan tich bang cac phan mém xir ly, truc tiép cho cac két qua thi nghiém, do ton thoi
gian va nhan luc cho cong tac thi nghiém, nhung dé van hanh cac thi nghiém dé mot cach
tron tru cho s lidu chinh xac doi hoi nguoi thi nghiém vién phai c6 tay nghé va c6 trinh
do cao.

— Khéi lugng cong tac thi nghiém mau trong phong phai day du dam bao céc 16p dat
déu c6 so liéu dang tin cay sau khi xir Iy bang phuwong phép xéac suat thong ké dé cung
cap théng tin cho thiét ké cac cong trinh.

— Trong nhitng ndm gan day, céng tac thi nghiém trong phong van chua duoc chd
trong ding mirc mot phan do ngudn kinh phi han hep (Khdng ké céc cong trinh tham gia
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hop tac véi nudc ngoai), mat khac con do nhiéu nguyén nhan khac nhau nén viéc cung
cap céc thong tin phuc vu cho cong tac khao sat DCCT néi riéng va dia ky thuat noi
chung con chua duoc day du va chinh xac dé phuc vy thiét ké cac cong trinh.

111.3. Thwc trang cong tac thi nghiém trong phong tai Viét nam

— Trudc khi tién hanh thi nghiém phai tién hanh kiém tra ning luc va chat luong cua
phong thi nghiém: mét sé phong thi nghiém khéng c6 du ning lyc (Ning luc vé ca con
ngudi va thiét bi) van tham gia thi nghiém mot sé chi tiéu thi nghiém nén dan dén két qua
thi nghiém khéng chinh xac.

— Thi nghiém trong phong phai duoc thuc hién bang cac thiét bi c6 do chinh xéac
cao, nhung hién nay mét sé phong thi nghiém may méc, thiét bi da 18i thdi nhung van
tién hanh thi nghiém.

— Khau lay mau dem di thi nghiém va khau chinh ly, tong hop s6 liéu thi nghiém
trong phong: mot s6 phong thi nghiém méi ma do chuy@n mén, nghiép vu con yéu nén da
dé xay ra nhiéu sai sot dang ké.

— Trinh d6 chuy@n mén cua ddi ngii ky su, k§ thuat vién néi chung con han ché, chi
cd thé thyuc hién cac thi nghiém théng thuong. CAc thi nghiém dac biét (nén cd két, nén 3
tryuc,...) 1a nhitng thi nghiém dat tién, phuc tap doi hoi doi ngii k¥ su, ki thuat vién phai
c6 kinh nghiém, hiéu biét sdu vé ly thuyét, ki nang thuc hién va tuan thu chat ché quy
trinh thi nghiém méi c6 thé dua ra duoc két qua phu hop va tin cay. Hién nay co rat it
phong thi nghiém ¢ thé thuc hién tét cac thi nghiém nay, vi vay thoi gian qua két qua thi
nghiém trong phong cua céc dy &n con nhiéu van dé phai quan tam (VD: Cung mot mau
dat mang vé thi nghiém, nhung két qua thi nghiém nén 3 truc gitra cac phong thi nghiém
lai khac nhau.

— Mot s6 ki su BPCCT thiéu sy am hiéu can thiét va chuyén sau vé linh vuc thi
nghiém, trong quéa trinh st dung sé liéu dé 1am bao cdo PCCT thi thiéu kha ning phan
tich, danh gia dac biét 1a két qua caa cac thi nghiém dac biét (nén cé két, nén 3 truc,...).

— Mot s6 phong thi nghiém da thuc hién nhiéu céng viéc vuot qua ning luc vé con
ngudi va chuy@n mén caa minh (Thiét bi khong dam bao yéu cau k§ thuat; doi ngii k¥ su,
k¥ thuat vién khong du trinh d6 chuyén mon; nhan sé luong thi nghiém rat Ién trong thoi
gian ngan,...). Nguyén nhan chu yéu 1a do cac don vi chi quan tim dén gia ca ma khong
quan tdm dén van dé chat luong caa cong tac thi nghiém.

I11.4. Nang cao chét lwong thi nghiém trong phong trong phén tich dia k¥ thuat
dé thiét ké xay dwng cong trinh

Dé dam bao chét luong cong tac khao sat DCCT thi ngoai cac thi nghiém hién trudong
, 1ap bao céo khao sat DCCT, thi thi nghiém trong phong 1a mot khau khong thé thiéu
dugc. Phong thi nghiém phai ¢ cac chuyén gia 1a k§ su dia chat cong trinh ¢6 nhiéu kinh
nghiém trong Iinh vuc thi nghiém co hoc dat dé chi dao va giam sat toan bd cong tac thi
nghiém trong phong. Cac nhén vién ky thuit ciia phong thi nghiém va dugc dao tao va co
k¥ nang, kinh nghiém ddi véi timg loai thi nghiém ma ho thuc hién theo dung hudng din
trong céc tiéu chudn nha nude ban hanh.
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Trong qua trinh thyc hién cac thi nghiém trong phong can phai tuan thu diy du va
chit ch& cac bude theo dung nhiém vu va phuong an khao sat, hé théng cac quy trinh,
tiéu chuan ap dung.

Cong tac khoan 1y mau can phai dugc chi trong vi néu mau lay vé thi nghiém khong
dai dién hay mat tinh nguyén dang thi cac két qua thi nghiém déu bi sai léch va khong
dung véi yéu cau dé ra.

Di voi cac cong trinh c6 nén dat yéu, thi cac giai phap xir Iy nén rat quan trong doi
hoi cac thi nghiém trong phong phai twong ddi chinh xac cung cip du cac thong sb vé
tinh chit ctia dt nén, cin cr vao ting giai doan cu thé nén tién hanh cac thi nghiém thich
hop nham cung cép cac thong tin day du va phan anh chinh xéac nhét co thé diéu kién cua
cac 16p dat yéu trong khu vuc xay dung cong trinh.

Truong hop sau khi thi nghiém da thuc hién, phat hién thay két qua khdng phi hop Véi
thuc té, can phai cd nhan xét trong béo céo két qua thi nghiém. Két qua thi nghiém trong
phong phai duoc kiém tra va KCS boi cac chuyén gia la cac ky su PCCT lau nim va co
nhiéu kinh nghiém.

May moc, thiét bj thi nghiém trong phong 15i thoi can phai duoc thay thé mua méi

Tang cuong cong tac dao tao chuyén mon nghi€p vu cho doi ngii k¥ su, ky thuat vién
dé dap tmg yéu cau k¥ thuat ngdy cang cao va phuc tap khi thyuc hién cac dy 4n 16n nhu
duong cao toc, cau 16n va cac cong trinh ham,.. .
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Tai liéu tham khao

. Hanbook of Geotechnical Investigation and Design Tables
. Foundation analysis and design — Joseph E.Bowles.

. Foudation engineering hand book - Robert Day.

. Principles of Geotechnical Engeneering — Seventh Edition - BRAJA M. DAS.
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4. Geotechnical Properties of Soils.

5

6. Geotechnical Engineering & Soil Testing - Al-Khafaji &Andersland)
7

. Principles of Geotechnical Engineering - Seventh Edition — BRAJA M.DAS.
8. Cam nang dung cho k¥ su dia k¥ thuat — Tran Vin Viét.
9. Co hoc dat cia R WHITLOW — Ban dich tiéng Viét
10. Ki thuat nén mong — Ban dich tiéng Viét
(Foundation Engineering — Ralph B.Peck-Walter EHanson Thomas H.Thornburn)

11.Co hoc dat tmg dung va tinh toan cong trinh trén nén dat theo trang thai gidi han —
Gi4o su tién sy dia ki thuat Phan Truong Phiét — Nha xuat ban Xay dung - Ha Noi 2005.
12. Cac phuong phap thi nghiém dat xay dung — Tiéu chuan Anh — BS 1377:1990

13. Thi nghiém dat hién truong va (mg dung trong phan tich nén mong.
14. V6 phong hoa va tram tich dé t&r Viét Nam, Ha Noi nam 2000.

15. Tuyén tip cac bao cao khoa hoc hoi nghi khoa hoc cong nghé TEDI — 2010 — Nghién
ciru XD mot s6 tham s6 dia k¥ thuat cta dat yéu dong bang Nam bo bang PP thi nghiém
xuyén tinh dién c6 do ap luc nudc 16 rong CPTu cua Ths.Ddang Cong Thudn va cac thanh
vién khac...).

16. Tuyén tap cac bao cao tham luan Hoi nghi nang cao chat luong san pham va dich vu
tu van Tong cong ty TVTK GTVT giai doan 2011-2012 — Chét lugng cong tac khao sat
dia chét cong trinh — Thuc trang va giai phap — Ths. Bdang Cong Thudn

17. Tap chi Dia k¥ thuat — 2010, theo tac gia Nguyén Pinh Tit, Bui Tan Hiéu — Lya chon
thong s6 strc chong cat khong thoat nudc Su theo két qua thi nghiém CPTu va UU cho
dat yéu khu d6 thi méi nha bé GS METROCITY.

18. Hé théng hoa cac dic trung Bién dang — Do bén ctia dat phuc vu cong tac thiét ké xay
dung cong trinh— Sang kién hop 1y hoa san xuat — ThS. Ngé Lé Thiy nam 2020.

19. Mot s6 phuong phap thi nghiém hién truong ing dung trong phan tich dia ky thuat va
thiét ké cong trinh — Sang kién hop 1y hoa san xuat — ThS. Ngé Lé Thiiy nam 2019.
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