‘ TONG QUAN ’
VE CHI TIEU CO LY, PAC TINH CHUNG CUA DA, KHOI DA
& CAC HE THONG PHAN LOAI PA, PHAM VI AP DUNG.

I. TONG QUAN VE CHI TIEU CO LY, PAC TiNH CHUNG CUA PA, KHOI PA
I.1. Cac chi tiéu co ly caa vat li¢u da

Cac chi tiéu co ly caa vat liéu da bao gém: Cuong do, cAu triic, mau sic, ciu tao, thanh
phan hat, tén d4 va cac thong sb bién dang cua da.

— Cuong do cua vat liu da

— Chu trac cua vat lidu da

— Mau séc cua vit liéu da

— Tén da

— Céac thong s6 bién dang cua da

I.2. Pic tinh cia khéi da

— Mtic d6 phong hoa cua khoi da
— Tinh khong lién tuc cta khéi da

— Trang thai niit né cua khdi da
I.3. Nhin chung vé diic tinh ciia d4 theo dia chit cong trinh

— Pic tinh cua da thay doi theo d6 sau

— Dic tinh PCCT cua d4 theo quan diém cua tac gia Hunt

— Dic tinh PCCT cua da theo quan diém cua tac gia Robert Day

— Do cung cua da,...

— Mot s6 twong quan khéc,. ..

II. CAC HE THONG PHAN LOAI PA & PHAM VI AP DUNG

IL.1. H¢ thong phan loai d4 ciia Lién x6 (cii)

I1.2. Hé thong phén loai d4 ciia cAc nwéc tién tién

— Biéu d6 phan loai théng nhét theo Deere et al., 1969(The Unified Classification Chart)

— Phan loai khéi da theo Deere — Phuong phap RQD ( Rock Quality Designation)

— Hé théng phan loai khéi da theo Palmstrom, 1995 — Phuong phiap RMi(Rock Mass
Index)

— Hé thong phan loai khdi d4 theo Bieniawski — Phuong phap RMR (Rock Mass Rating)

— Hé thong phan loai hé sb cdu truc cia da theo Wickham et al (1972) — Phuong phap
RSR (Rock Structure Rating).
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Hé thdng phén loai khéi da theo Nick Barton, Lien and Lund, 1974 — Phuong phap Q.
(Rock Mass Quality)

Chi sb d6 bén dja chat GSI (Geological Strength Index)-Chuédn ph4 hoai Hoek Brown.
— Phuong phap dao ham méi cia Ao NATM (New Austrian Tunneling method)

Phuong phép phan loai nhom ¢4 — Pudng hdm xuyén nui ciia Nhat Ban (Japannese

standard for mountain tunneling 1996).

IL.3. CAc hé théng phan loai da ¢ Viét Nam

Phén loai d4 theo phén loai dat nén (TCVN9362:2012)

— Phan loai d4 phong hoéa thanh cép d6 (Theo Dearman, Fooks & Franklin - Cim nang
dung cho k¥ su dia k¥ thuat)

— Phan cip dit d4 theo d6 khoan (Phu luc D-TCVN9437:2012)

— Phan cip d4 cho cong tac khoan coc nhdi (Dinh muc1776)

— Phan cip d4 dung trong cong tac dio, pha d4 (Dinh mucl776)
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I. TONG QUAN VE CHI TIEU CO LY, PAC TINH CHUNG CUA PA, KHOI PA
Nhin chung viéc mé ta d4 trong 16 khoan DCCT thuong theo hé thdng sau: Thong tin
khoan, Loai d4, Phong hoa, Mau sic, Cau trac, Chat luong d4 (RQD), Cudng do da,

Khuy¢t tat da.
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D4 duoc khai thac 16 thién, khoan 14y 18i va bang phuong phap dao, nhin chung thudng

duoc mo ta nhu sau:

I.1. Cac chi tiéu co ly caa vat li¢u da

Céc chi tiéu co ly cua vat li¢u da bao gom: Cuong d9g, cau triic, mau sac, cau tao, thanh
phan hat, t€n da va céac thong so bién dang cua da.

L1.1.Cuwong do cua vit liéu da

s Cwong do cua vit liéu da dwoc xdac dinh dwa trén cwong do nén 1 truc

(Hay TN nén diém) (BS 5930 — T126)

Trcz,:inag dt:,:éi Nhan biét & ngoai hién truwong i::%i?g&;}; /:;g)c
Rét yéu Nhitng cuc da nho ¢ thé bj 1am nat boi cac ngodn tay <1.25
Yéu Ir:gfgégncgydé nho 6 thé bi lam nat béi Iyc an cua 15.5.0
véu vira Eélii 11;};&55 gi};ié:ydé mong ¢ goc hay canh bi gay 50-12.5
Cilng vira D4 bi giy khi dap bang bua 12.5-50
Clmg B& mit ctia 161 d4 c6 thé bi nut tai vai diém 50-100
Rét cimg Da bi lam nho khi dép bang bua 100-200
Cuc ctng D4 bj gdy khi dap bang bua ta >200
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s Mo ta cwong do cua da

(Handbook of Geotechnical Investigation and Design tables — T65)

Cwong do cua da

Mo ta

Cuong d9 nén nguyén trang
Cuong d6 cua khéi da
Cuong dg gian tach

Cuodng @6 uén

Mau nguyén dang

Phu thudc vao hé sb tng sudt nguyén trang
~5% dén 25% Cuong do nén 1 truc UCS — Str dung (10% UCS)

~2 x Cuong d¢ gian tach

Chi s6 cudng d6 nén diém
Cuong d6 nén: Buia Schmidt

Cuong do nén khong no hong (UCS)

~UCS/20 (Pa phan)
Gi4 tri bat ndy. Thi nghiém vé do ctng cua da.

Thi nghiém cudng d0 nén | truc voéi trang thdi khong no

hong(UCS) hodc qu

Pa mém
Pa mém vua

Pa clng, dic trung dé lam cdt liéu cho bé

tong

UCS < 10MPa

UCS = 10-20MPa

UCS > 20MPa

R/

< Danh gia cwong dj cua da ¢ hién trudong theo gia tri SPT, Is (50)

(Handbook of Geotachnical investigation and Design tables — T67)

— Trong qué trinh khao sat & ngoai hién trudng, c6 nhirng phuong phap dung dé

danh gia cuong do da nguyén trang.

— Phuong phap SPT la PP dau tién duoc st dung dé danh gia cuong do cua da. Mac

du nhu viy, cing v6i phuong phap SPT con st dung mot sd loai phwong phap khac

hoic tir cap do phong hoa chi ra cuong do da khac nhau.
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Mo ta
Cutme ds SPT Is (50)
wong do —
: . . Biia dap vao Py (MPa)
Bing tay Pbiem dam :p Gia tri N
mau
. . . Thuong la
Cuc thap D¢ bé vun bang 1 tay <100
N/A
Rét thap 60-150 <0.1
, Bi gdy thanh nhitng miéng | Vét vach sau .
Thép , 100-350 0.1-0.3
nho bang 1 tay 5 mm
Bi gdy thanh nhimg miéng | Sau tir 1-3 N )
Trung binh , Pap nhe bia da gay | 250-600 03-1.0
khac nhau bang 2 tay mm
Pap manh baa bi
Cao b ' 500 1-3
gay
Rét cao >1 bua bj gy >600 3-10
Pap vai bta bi ga
Cuc cao P 8y >10
- tée lra

e Nhimng mau da khong dang hudng c6 thé anh huong dén cuong d6 cua da ¢ ngoai hién

truong.

e Cuong dd nén khong né hong UCS = 20 x Is (50), nhung d6i véi mot sb loai da khac thi
¢6 thé 16n hon.

& Cwong dp khdng cit ciia dd.
(Handbook of Geotechnical investigation and Design tables — T107)

Sirc khéang cit
Pa nguyén thiy Loai da
Luwc dinh Géc ma sat

D4 trdm tich - Mém Da cat két, d4 than, da phan, d4 phién, d4 voi 1-20 25-35

Da trdm tich - Clng Da voi, Pa Dolomit, da Cat két, da voi 10-30 35-45

Da bién chit - Khong phién D4 Quiczit, P4 hoa, P4 gonai 20-40 30-40

Da bién chit - Phién Da diép thach, da phién, d4 phylite 10-30 25-35

ba Macma - Axit ba granite 30-50 45-55

ba Macma - Bazo b4 bazalt 30-50 30-40
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%  Cuwong dd cia da tir gia tri cia chi s6 lre diém Is (50).
Gia tri chi sb lyc diém 1a chi s6 cudng d6 nén cua da, né khong phai 1a gid tri cuong
do nén cua da.
Ty s6 UCS/Is (50), dbi véi da yéu (Tomlinson, 1995; Griffiths, 2004)
(Handbook of Geotechnical investigation and Design tables — T69)

Loai da Cap 9 phong Hé so Vi tri mo6 ta
hoa UCS/Is (50)
Argillite/Metagreywacke Phong héa TB 5 Brisbane, Queensland, Australia
8 Gold coast, Queensland, Australia
Metagreywacke Phong héa TB 15 Gold coast, Queensland, Australia
Tuff Phong héa TB 24 Brisbane, Queensland, Australia
Ph nhe¢/Khong Ph 18
Basalt Phong héa TB 25 Brisbane, Queensland, Australia
Phyllite/arenite Phong héa TB 9 Brisbane, Queensland, Australia
Ph nhe/Khong Ph 4
Sandstone Phong héa TB 12 Brisbane, Queensland, Australia
10 Gold coast, Queensland, Australia
11 Central Queensland, Australia
Magnesian limstone 25 UCS = trung binh 37MPa
Upper chalk 18 Humberside/UCS= trung binh 3-8
Carbonate 12 UAE/UCS = 2 MPa
siltstone/mudstone
Mudstone/ siltstone 23 UCS =23MPa
(coal measure)
Tuffaceous rhyolite 10 Korea/UCS = 20-70 MPa
Tuffaceous andesite 10 Korea/UCS = 40-140 MPa

e Hé sb UCS/Is (50) n6 phu thude vao cac loai da khéac nhau va vi tri cia tirng noi.

e Queensland la noi c6 khi hau nhiét doi.
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K/

s Cuong d¢ cua da theo Bua Schmidt
(Handbook of Geotechnical Investigation and Design tables — T69)

e Bua Schmidt ¢o6 loai “N” va “L”, Ri=0.605+0.677Rx~
e Gia trj dugc dung 1 gia tri da hiéu chinh theo phuong thang dimg.
e Tai vi tri cia mdi mau lay 10 gié tri nho nhat. Str dung 5 gia tri 16n nhat.

Cuwong do cia da dung bua Schmidt loai “N”.

Cuong do da Thép Trung binh Cao Rit cao Cuc cao
Gié trj UCS (MPa) <6 6-20 20-60 60-200 >200
Gia tri N cua <10 10-25 25-40 40-60 >60
Schmidt i
Phong hoa rat Phong hoa Phong hoa Phong hoa Khong phong
Loai phong héa nhidu nhidu trung binh nhe hoa

(XW) (HW) MW) (SW) (FR)

®.

< Twong quan vé su thay ddi giira cwong dd va cac cip do phong hoa da
(Handbook of Geotechnical investigation and Design tables — T70)

Cudng do d4 thay doi tuy theo mirc d6 phong hoa cuia da, nd phu thudc vao cac loai da.

(Look and Griffiths, 2004)

Loai da Mirc d phong hoa Twong quan sy thay doi
cuong do nén tach cia da
Argillite/grewacke Phong hoéa trung binh (DW) 1.0
Phong héa nhe (SW) 2.0
Khong phong hoa (ER) 6.0
Sandstone/siltstone Phong hoéa trung binh (DW) 1.0
Phong hoa nhe (SW) 2.0
Khong phong hoa (ER) 4.0
Phyllites Phong hoéa trung binh (DW) 1.0
Phong hoa nhe (SW) 1.5
Khong phong hoa (ER) 2.0
Conglomerate/agglomerate Phong hoéa trung binh (DW) 1.0
Phong héa nhe (SW) 2.0
Khong phong hoa (ER) 4.0
Tuff Phong hoéa trung binh (DW) 1.0
Phong héa nhe (SW) 4.0
Khong phong hoa (ER) 8.0
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7
0‘0

Sw bién ddi vé cwdng dd ciia da ddi voi cac loai da (Berkman, 2001)
(Handbook of Geotechnical investigation and Design tables-T73)

Cuong do nén 1 . " Loai da
truc (MPa) Cuong do Pa trAm ti Y X .
: a tram tich Da bién chat Pa macma
15 Thap nhat Welded Tuff
20 Sandstone Porphyry
25 4 Shale Granadiorite
30 Sandstone
45 Limestone Schist
60 v Dolomite Granadiorite
70 Quartzite Granite
80 Rhyolite
90 Limestone Granite
Dolomite
100 Siltstone Schist
Sandstone
150 Granite
200 Quartzite
220 Cao nhat Diorite
Str:ss Strength decrease | Intact rock
with size of sample

sample (effect of defect) ™ ~—

Modulus decreases
with increasing —

———— Strength decrease
with increasing
defects

defects

Rock mass
strength

Strain
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SUC CHIU TAI CHO PHEP CUA PA (MPa)

) ] . Khong
Ph(;?% hoal Ph(zl{llg hoa Pl;)ﬂg hoa Phong hoa
nhieu ¢ nhiéu
Igneous (Pa mac ma)
Tuff 500 1,000 3,000 5,000
Rhyolite, Andesite, Basalt 800 2,000 4,000 8,000
Granite, Diorite 1,000 3,000 7,000 10,000
Metamorphic (Pa bién chit)
Schist, Phyllite, Slate 400 1,000 2,500 4,000
Gneiss, Migmatite 800 2,500 5,000 8,000
Marble, Hornfels, Quartzite 1,200 4,000 8,000 12,000
Sedimentary (P4 trim tich)
Shale, Mudstone, Siltstone 400 800 1,500 3,000
ILimestone, Coral 600 1,000 2,000 4,000
Sandstone, Greywacke, Argillite 800 1,500 3,000 6,000
Conglomerate, Breccia 1,000 2,000 4,000 8,000
L1.2. Ciu triic ciia vt lidu dd
(Hanbook of Geotechnical Invest...and Design Tables T32)
Céu tric cia da Mo ta Kich thuéc (m)
b dav ciia 1én ds Khbi 16n >2m
Phan 16p day 0.6-2.0m
Phan 16p day trung binh 0.2-0.6m
Phén 16p mong ) 0.06-0.2m
Phan 16p rat méng/Dang phién <0.06m
D6 nirt né/Khe niirt Khong nirt né >2m
Nt né nhe 0.6-2.0m
Nut né trung binh 0.2-0.6m
Nut né nhiéu 0.06-0.2m
Nt né rat nhicu <0.06m
P§ nghiéng clia mat da Phang 0-15°
Nghiéng nhe 15-45°
Déc 45-90°
D6 én dinh Rat cao >20m
Cao 10-20m
Trung binh 3-10m
Thap 1-3m
Rat thap >Im
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1.1.3.Mau sac cua vat lieu da

(Hanbook of Geotechnical Invest...and Design Tables T32)

Thong so

7
A

Mo

ta

Sic thai

Mau nhat/Mau sAim/Mau Loang 16

Thay d6i sic thai Hoéng nhat/Do nhat/Vang/Nau/Xanh 14 cay/Xanh da trdi/Xam
Miu Hong/Do/Vang/Da cam/Nau/Xanh 14 cay/Xanh da troi/
Do tia/Trang/Xam/Pen
Phén bd Poéng nhat/Khong dong nhit (Pém/Loang 16/Vét/Soc(Van)

L.1.4. Tén da theo muc dich cong trinh

(Bangl4, BS 5930 — T128)

Bing phan loai va diu hiéu nhdn biét cdc loai dd theo muc dich cong trinh

Loai da/Cd hat Pa tram tich
(mm)
>50% TP hat 1a
Loai da C& hat Loai da >50% TP hat 1a Cacbonat
da nui lira
P tang 200 Pa cudi két: cudi tang, Céc manh d4 phun
%0 sOi cudi tron canh gén trao nui Iira trén
Cudi ting két thanh khéi boi XM nén hat min.
Dim 20 va cdc vat liéu min. ba Da khéi: tron canh
P4 diam két: cic manh canxit P4 nui ltra: sic
Da 6 , L.
am, san d4 sdc canh gin két véi canh
San nhé 2 cac vat liéu min. P4 voi va D4 dam két
P4 cat hat . da 4 mudi
: 0.6 Da cat két bal D4 TUFF Bd muoi
tho 0lomit O
D4 cat hat Pa thach anh ( Tao thanh tur tro Muoimo
: 0.2 ba voi . cox . Thach cao
vira ba Arkose nui Itra gan ket xi ;
ba cat hat 0.06 ba Greywacke mang)
nho
Pi Bui 0.002 Pabin | D4bot - TUFF hat min
U B ba bun .
— két . D4 phan
D4 Sét Baphien | 5y o4 vol TUFF hat rét min
] sét
Pa & the ba lta Than
két  tinh D4 phén Than non
hay khong Da phién silic
P Macma D3 bién chit
Loai da C5 hat Loai hat Tén d4 Phién Khoi
DA HOA
P4 tin 200 ,
& . GONAL: phat trién THACH ANH
HAT THO GRANIT DIORIT GABBRO A . GRANULITE
Cubi ti 60 rong nhung phén DA CHIU LUA
an }
uot g phién thua d6i khi c6 AMPHIBOLITE
. SERPENTINE
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Loai d4/Cd hat

D4 tram tich

(mm)
>50% TP hat I
Logi da C& hat Loai d4 >50% TP hat 1a Cachonat
da nui lia
Dam, san 6
San nhé 2
Da cat hat 0.6
bi tl}?h t GRANIT DIORIT
4 cat ha . 7 »
2 02 HAT VUA | haraio SOLERIT piep ac | SERPENTNE
vira HAT NHO
Da cat hat
: 0.06
nhé
DA Bl no PHYLLITE
HATMIN | RHYOLITE | ANDESITE BASAL e
Pba Sét DA PHIEN
P4 & thé két
. Thuy tinh
tinh hay Khoang chat )
ong ké nui loa
khéng ket
Nhat Mau SAm Thuy tinh thé

> Dd tram tich:

—  Pd dang hat dwoce gdn két ¢6 dé bén bién doi rdt I6n. Mot vai logi dd cat két bén
hon nhiéu da macma.

—  Suw phan lop khong thé hién ro 6 mau thi nghiém ma chi nhin thay ro tai cdc vét 9.
— Chi c6 da tram tich va cac logi da bién chdt co nguon goc tram tich la co chira

hoa da.

— Bd voi co chira canxit (Cacsbonat canxi chat nay sui bot voi axit clohydric loang.

» Dd macma:

—  Bao gom cdc khodng vt lién két véi nhau chdt ché rat bén khi tioi.
—  Dang thé nam: 1.Nén; 2.Nam; 3.Bac; 4. Twong, 5.Dong chay, 6.Mach.

> Dd bién chit:

— Hau hét cdc logi dé bién chdt cé tinh phdn phién, cdc logi da khéng phén phién rat

khé nhan biét.

— Cdc da bién chat co nguon goc tiép xuc do nong chay goi la da sung.

Cdc logi dé tram tich khi bi bién chat thi dg bén ting.
Cdc logi da macma khi bi bién chat thi do bén giam.

— Hau hét cdc dd bién chat khéng bi phong héa, ¢ cuong do I6n va cé thé tach ra.

1.1.5. Nhirng thong s bién dang cua cdac loai da.

(Hanbook of Geotechnical Invest...and Design Tables T132, T133)
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< D) bién dang ciia da dwa trén sy mé ta da (Bell, 1992)

Dung trong da(kg/m?%) Do 16 rong Do bién dang (10° MPa)
<1800 >30 <5
1800-2200 30-15 5-15
2200-2550 15-5 15-30
2550-2750 5-1 30-60
>2750 <1 >60

¢ Gia tri M6 dun cia da (Deer va Miller, 1966)

E = M6 dun Young’s

E/qu Vit liéu Chu giai
1000 Thép, bé tong
-b4 mac ma: Basalts, Granite, -UCS>100MPa
500 . . . g
-b4 bién chat : B4 phién (su phan phién thap), da hoa | -
200 D4 bién chit cing: Gneiss, Quartzite. UCS=60-100MPa
ba voi, da Polomit.
100 P4 tram tich: d4 phién sét, da cat két, schist UCS<60MPa

< Mo dun ciia da khoi (E,) tir gia tri Md dun nguyén dang ciia da(E:)

M6 dun Young’s Er= Kg E;

Hé s6 d§ giam ciia M6 dun (Bienniawski, 1984)

RQD (%) Hé s6 dd giam ciia M6 dun Kg
0-50 0.15
50-70 0.2
70-80 0.3
80-90 0.4
>90 0.7
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I.2. Pic tinh cia khéi da

Pic tinh cua khdi da duge danh gia dya trén 3 yéu td sau :

—  Muc d6 phong hoa cua khdi da
—  Tinh khong lién tyc cua khoi da

—  Trang thai ntt né cua khoi da

1.2.1. Mirc dé phong héa ciia khoi dd

< Phén loai mic dd phong hoa theo dd dong nhit (BS 5930-T132)

Cip da Phan loai Djc tinh

I ba khong bi phong hoa Da con giir nguyén trang thai ban dau

I P4 phong héa nhe babi bién‘ mau nhe, da bi yéu di mot chut so voi trang
thai ban dau.
D4 bi bién mau manh, da nguyén trang da yéu di nhiéu

1 Ba phong héa trung binh | '\ i 44 t1r0i. Nhitng méu d4 I6n khong bj bé gay= tay.
Nhitng méu d4 16n khong bi bé gay= tay. Khi ngam

v ba phong hoa nang .
trong nudc da khong bi tan ra.

ba phong hoa ba bi bién dbi nhiéu, rat mém yéu,
v . X x
hoan toan Cau trac cua da vé co ban van con giit nguyén.
, P4 d3 bién mau, tan ra hoan toan thanh dat,

VI ba phong hoa thanh dat . L

Cau truc da goc bi pha hiy hoan toan.

+ Phéan loai mirc d phong

héa theo ddu hiéu diic trung (BS 5930-T132)

Chp d4 Phan loai b3c tinh

A Khéng bi phong héa B‘Aé cc‘zn g‘ifr n‘guyénA nhu trang thai ban dau vé: mau sic, vét nut
bé mat va cuong do.
Cuong do cua da bi giam nhe do dnh hudng cua qué trinh

B Phong hoa cuc bd phong hoa, bit diu bang tic dung cua cac QT nit né, oxi hoa
bé mit da

C Phong hoa 1o rét C:Iorn,g d(_)‘ cua’ da b1 giam di nhiéu, bé mat da phat trién nhiéu
vet nut mau xam.

D Phong héa gn hodn toan Cuong d.() cﬂua da bi giam di rat'nhleu, bé méat d4 mau loang 10,
mat da bi ddo 1on, cac 16p da mat tinh nguyén dang.

E Phong hoa hoan toan, Thay 16 cac 16p dat phu lén da. Cac 16p d4 bi pha huy hoan

(Chi con gitr lai mot phan) | toan.
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< Phan loai mirc d) phong héa theo ddu hiéu & hién truong

(T31 - Handbook of Geotechnical Investigation and Design tables)

(Pé con nguyén ven)(Fresh)

Mirc d§ phong hoa Ky hiéu Déu hiéu & hién truong
Phong hoa hoan toan thanh dét RS Dé da b1 phong héa hoan toan thanh dat; Cau tric géc
_ ) cua khoéi da da bi pha hiy hoan toan; c¢6 su thay déi 16n
(Residual soil) vé thé tich.
Phong héa nhiéu W Da ¢6 sy tan ra manh, do anh huong cta qua trinh
phong hoa c6 su chuyén dong qua lai dudi tac dong cua
(Extremely weathered) nude. Mo ta da theo nhig dic tinh ciia dat.
Phong héa trung binh DW Cudng d9 cta dé luén thay doi theo mirc d§ phong héa.
o Mau sac da bi thay d6i nhi€u, thuong xuyén bi nhugm
(Distinctly weathered) (MW/HW) mau béi ion sit. DO 18 rdng cua d4 ting 1én.
Phong hoa nhe SW D4 bi ddi mau nhe, nhung khl nhin vao théy it hodc
(SIIghﬂy weathered) khong CO su thay doi cuong d().
Khong phong héa FR Quan sat thay d4 khong c6 ddu hiéu cua sy phan huy

hay nhudém mau.

1.2.2.Tinh khong lién tuc cua khoi da

Su xuét hién muc d6 bat lién tuc 1am giam di suc khang cua da khdi va chinh khoang
cach va huéng ndm cua khe nut quyét dinh mac d6 suy giam stc khang coa da khéi. Do
vay, khoang cach va huéng ndm cua tinh khong lién tuc 1a yéu to rat quan trong dé danh
gia d6 on dinh cta khdi d4 nirt né. Vé co ban, Bieniawski thong nhat ciing Deere vé phan
loai khoang khéng lién tuc cua khéi da.

Tiéu chi mé ta khoang bat lién tuc ciia khdi da

Khoang cach Theo diic diém céu triic Khong lién tuc theo Khéng lién tuc theo 3 chidu
(N1t né) thanh tao mét chidu
>2m Rét day Khoang cach rit rong Rit to
600mm-2m Day Khoang cach rong To
200-600mm Trung binh Khoang cach rong vira To vura
60-200mm Mong Khoang céach hep Nho
20-60mm R4t mong Khoang cach rat hep Rat nho
-Phan phién day (Tram tich) Cc logi da khac:
6-20mm . . . 1 oo 213
-Phan phién hep (Bién chat) +D4 hon: da c6 céc chiéu bang
A ., X hau.
-Phan phién moéng (Tram ) ) mhad o
ch) Khoéng cach cyc hep | +Da phién: bé day nho hon
tic 3 3 )
<6mm L, ', nhiéu chiéu dai hodc chiu rong.
) P,han phicn rat hep (Bicn +Da try:chiéu cao 16n hon tiét
chat va macma) dién nhid
ién nhiéu
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1.2.3. Trang thdi nirt né cia khoi di

Pé danh gia vé trang thai nirt né ctia khoi da dua trén céc gia tri sau:
— RQD: ty phan trim cua tong chiéu dai cac mau 15i da khoan c6 chiéu dai >10cm
va chiéu dai hiép khoan.
— TCR: ty phan trim cua phan 15i da 1y duoc (bao gdm ca phan 15i da con nguyén
ven va khong con nguyén ven) va chiéu dai hiép khoan.
—  SCR: ty phan trim cia tong chiéu dai cac mau 18i d4 khoan dugc va chiéu dai hiép
khoan.
—  FIL: s6 khe niit /m chiéu dai ctia 15i da.
Panh gia vé trang thai nit né ciia khoi da
S ST EEPW TR

Cap dd chat lwong 16i da RQD: 13 thé hién tong quét cta tan suat nit né dua truc tiép
trén ca 2 yéu to: mirc d¢ nut né va mirc d¢ phong hoa trong khoi da.

Twong quan giira RQD va khe nut caa da

(T106- Handbook of Geotechnical investigation and Design tables)

Phan loai chét lwgng RQD (%) Mat d§ nirt né trén 1 Loai khe nut
mét chinh (mm)
Rat xau 0-25 >15 <60
Xau 25-50 15-8 60-120
Trung binh 50-75 8-5 120-200
Tot 7590 5-1 200-500
Rat tot 90 - 100 <1 >500
I.3. Nhin chung vé diic tinh ciia da theo dia chét cong trinh
< Dic tinh cia da thay doi theo dd siu
(T101, Hanbook of Geotechnical investigation and Design tables)
Tac gia: Thac st DCCT Ngé Lé Thiy Page 15




No
joints

Typically
Increased
Strength and
Density

Increased
Weathering
More likely

to have

Increased i
open joints

Stress

¢ Daic tinh DPCCT nhin chung cia da (Hunt, 2005)

( T102, Hanbook of Geotechnical Investigation and Design Tables)

D4 goc Loai da Dic tinh Tinh Tinh bién Cuong do
tham dang
Granit,
P4 macma hat granadiorite, X x N e A . Cobanla A, A £
vira dén tho- diorite, peridiotite L6 rong be mét rat nho khéng tham Rat thap Rat cao
pperipeperidiotite
., Rhyolite, trachyte, XX N .
ba mam}la hat quartz, dacite, Y 1;0 rot}g t trung binh Cao Rat thap dén thap Rat cao dén cao
nho - dén trén trung binh
andesite, bazalt
B macma thity Pumice, scoria, Do 16 rdng rit cao Rét cao Twong dbi th; Tuong dbi thi
tinh vesicular bazalt ; & & P & P
o Xi mang lap day 10 7 Thip Cao
Pa tram tich — (1A rong. Nho R £ X £
. . ba cat ket . A £ ax £ Trung binh dén Trung binh dén
Manh vun Cat Tung phan dugc lap day Rat cao z
NP cao thap
bdi xi mang
P4 trAm tich — A P s N £ Tu thép dén cao, A ek
Ménh vun Sét két Da phién sét Phu thudc vao sy héada | Khong tham <6 thé rat cao Thap dén cao
D4 trim tich — . R A Thép ngoai trir ddi Cao ngoai tru
Manh vyn (TT ba voi Hinh thar&l} nhiéu hang Hang lon voi dang hang doi voi dang
. ong \ .
hoa hoc) vom hang vom
ba tram tich —ba 4 At A
6t ket Polomit Hiém kﬁ;ghat rén | ghengthdm | Thiphonddvoi | Caohon da voi
(TT hAa hae) &
o Thép Cao
-Dang phién mém yéu Co ban la Thuong 1a trung Thuong 1a cao.
1Ak Gneiss -Dang phién chac chan khéng tham | binh. Thap doi véi Thap doi véi
Pa bién chat PR ~ L 1k < <
Rat nho nhiing mdt phién nhimg mét
song song phién song song
ba bien chat Diép thach Dang phién chéc chin Thép Gibng nhur Gneiss
Da bién chit Phylit Phan phién rét cao Thép Yéu hon Gneiss
Da bién chit Quartzite Céc hat gén két chic Khong thim Rét thép Rét cao
D4 bién chit P4 hoa Gin két chic Khong thim Rét thap Rét cao
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Page 16



K/
¢

Nhitng gia tri dic tinh dia chét cong trinh cia da

(T95 - Tham khao trong Foundation Engineering Handbook — Book Author: Robert Day).

Dung Cwong d6 | Cwong d9 | Modun cit Do hip A A s
Loai da trong nén khang cit dong 0o phu nuée Hgﬁgabao
(g/cm®) (kg/cm?) | (kg/cm?) | (10°kg/cm?) n%
Basalt 2.5-3.3 1500-3000 34-300 7.1-11.4 45-60 0.29-0.31 0.69
Coal 0.7-2.0 50-500 20-50
Diorite 2.5-3.3 1800-3000 150-300 7.1-11.4 40-60 0.3-0.38 0.59
Dolente 2.2-3.0 2000-3500 150-350 55-60
Dolomite 2.2-3.0 800-2500 150-250 3.3-7.8 0.8
Gabbro 2.7-3.1 1000-3000 150-300 8.6-11.4
Gneiss 2.5-3.0 500-2000 50-200 5.0-9.1 0.1-0.7
Granite 2.6-3.3 750-2500 21-250 5.0-94 45-60 0.1-0.7 0.55
Limestone 1.7-3.1 100-3500 6-250 1.0-9.4 27-50 0.1-4.5 0.35
Marble 2.5-33 700-2500 20-200 5.0-8.2 35-50 0.1-0.8
Mudstone 2.0-2.5 35-600 3-42 0.5-4.4 9-60 2.14-8.2
Quarzite 2.65 1500-3600 57-300 5.6-14.2 50-60
Sandstone 1.2-3.0 100-1800 2-250 0.5-9.1 27-50 0.2-7 0.69
Shale 1.6-2.7 100-1000 14-100 1.9-3.3 15-30
Slate 2533 | 10002000 | 70-200 7.1-78 0.1-03 0.82

< Pic tinh ciia mot s6 nhom da (7278 — Foundation analysic and design, Bowles)

Loai da Dung trong Mo dun Hé s6 Poisson's, Cuwong d nén
kN/m*  dan hdi E, MPa x10° N MPa
Basalt 28 17-103 0.27-0.32 170-415
Granite 26.4 14-83 0.26-0.30 70-276
Schist 26 7-83 0.18-0.22 35-105
Limestone 26 21-103 0.24-0.45 35-170
Porous limestone 3-83 0.35-0.45 7-35
Sandstone 22.8-23.6 3-42 0.20-0.45 28-138
Shale 15.7-22 3-21 0.25-0.45 7-40
Concrete 15.7-23.6 C6 thé thay ddi 0.15 15-40
E = M6 dun tiép tuyén ~50% cwong dé nén cudi cing.
Tac gia: Thac st DPCCT Ngé Lé Thuy Page 17




% Nhirng loai kho4ang vit tao da dién hinh (Waltham, 1994)

(T103-Tham khao trong Hanbook of Geotechnical investigation and Design tables — Burt Look)

i Thanh phin ciia cac khoang vat chinh
b4 goc Loai da
Quartz | Feldspa | Micas Mafics | Calcite | Kaolini | Illite Chlorite
Patrimtich | Catkét 80% >10%
D4 bién chit | D4 phién 25% 35% 20%
Pa macma Granit 25% 50% 10%

s DJ clrng cia da theo thang Moh’s

(T104-Handbook of Geotechnical investigation and Design tables)

Loai da P§ cirng Cac vet nirt
Diamond 10
Corundum 9 Cacbua Vonfam
Topaz 8
Quartz 7 Thép
Orthoclase 6 Kinh
Apatite 5 Dao nhon rach sau t6i 5.5
Fluorspar 4
Calcite 3 Dong tién xu
Gypsum 2 Mong tay rach tgi 2.5
Talc 1

X/

< Danh gia d¢ cirng cia da ¢ hién trwong

(T 34-Tham khao trong Hanbook of Geotechnical investigation and Design tables)

Pic tinh ciia d4 dwoc xac dinh bing dao bé tii
Mo ta do Thang do
cirng cirng Moh’s o P Tac dung
ba bui Dau hiéu vét vach
=dao
B6 roi Rét b6 roi. Rat mém nén d& cat. Co thé
12 ltbot da bop vun béng tay Khong vach
. . o C6 thé choc thing sau duge
Thap 2-4 Vét vach rat r6
i . 5 Théy rd (Bui thdi di nhidu huéng)
Trung binh 4-6 Vét vach rd
, forAL e Thay mo Ao A
Cing 6-8 It bot da VEét mo; vét
o, i Khong thay c s R
Rat cing 8-10 Khoéng ¢c6 bé lai vét & bén

Tac gia: Thac st DPCCT Ngé Lé Thuy
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7

s D) cirng cia da phu thudc vao khoang vat chinh tao da (Waltham, 1994)
(T105- Handbook of Geotechnical investigation and Design tables)

ba g(“')c
Do cirng Khoang vat Ty trong
P4 trim tich | D4 bién chat | Pamacma
7 Quartz 2.7 X X X
6 Felspat 2.6 X X
6 Hematite 5.1 X
6 Pyrite 5.0 X
6 Epidote 3.3 X
5.5 Mafics >3.0 X
5 Limonite 3.6 X X
35 Dolomite 2.8 X
3 Calcite 2.7 X X
2.5 Muscovite 2.8 X X X
2.5 Biotite 2.9 X X
2.5 Kaolinite 2.6 X X
2.5 Mlite 2.6 X
2.5 Smectite 2.6 X
2 Chlorite 2.7 X
2 Gypsum 2.3 X

7

% Twong quan sw thay doi dic tinh ciia da dén mirc dj khéng lién tuc ciia dd.
(T105- Handbook of Geotechnical investigation and Design tables)

Tinh khéng lién tuc c6 anh huéng dén dic tinh cong trinh cua da

Su thay doi tinh nguyén trang dén d khong lién tuc cia da
Pac tinh cia da
Ty 1€ Khoang thay doi
Cuong do 1-10 5
Do bién dang 2-20 10
Tinh thém 10-1000 100

s Ty I cwong do da trong phong so voi hién trueong
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(Handbook of Geotechnical investigation and Design tables — T106)
Nhitng thong sé cwong do da dé thiét ké (Bowles, 1996)

RQD (%) Mo ta da Cwong do nén da: Hién
trwong/Trong phong
0-25 Rat xau 0.15
25-50 Xau 0.20
50-75 Trung binh 0.25
75-90 Tot 0.3-0.7
>90 Rat tot 0.7-1.0

+ Twong quan giira strc chiu tii va gia tri RQDPeck, Hansen va Thorburn, 1974)

*

Strc chiu tai cho phép(MPa) phai thap
RQD(%) Mo ta da hon gia tri sau:
(UCS hoac cuong do cua bé tong

0-25 Rat xau 1.3
2550 Xau 3-6
50_75 Trung binh 6-12
75 - 90 Tot 1220

90 Rét tot 20-30

% Cwong dp khdng cit ciia da tiv gid tri ROD.

*

(Handbook of Geotechnical investigation and Design tables — T107)
Gia tri cwong d ciia da tir gia tri RQD ding dé tinh toan strc chiu tai ciia nén.

Pac tinh cda da
RQD
Cuwong dd nén thiét ké Luc dinh Go6c ma sat trong
0-70 (rt yéu-trung binh) 0.33qu 0.1 qu 300
70-100 (tét-rat t6t) 0.33-0.8 qu 0.1 qu 30-60°

II. Cac hé théng phin loai d4 & pham vi 4p dung
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Hau hét viéc danh gia chi tiéu co hoc ciia khéi d4 cho cac cong trinh xay dung néi
chung va cac cong trinh giao thong tai Viét nam néi riéng trudc nhitng nim 1990 déu
dugce tién hanh theo céc tiéu chuan thudc Lién x0 cii xuét phat tir hé théng phan loai da
cia Malinhin, Protodiakonov, Bunhusep...cach dénh gia nay dén thoi diém hién tai gip
phai mot s han ché khi ma rat nhiéu cong trinh giao thong hién nay ap dung tiéu chuin
cia My, Ao... cac tiéu chuan thiét ké va thi cong nay doi hoi sy phan loai da phu hop véi
n6. Chinh vi vy, ma sy xem xét mdt cach cu thé cac tiéu chuan phan loai d4, phan tich
nhitng mit tién tién va han ché cta timg phwong phap va lya chon phuong phéap phan loai
t6i wu nhét cho ting cong trinh cu thé 1a mot van dé quan trong dé diéu tra, danh gia dic
diém dia chét cong trinh clia nén d4 va khoi da phuc vu thiét ké va thi cong cong trinh.

II.1.H¢ thong phén logi dd ciia Lién xé(cii)
1. Phuong phap phan loagi cua Malinhin:

Nam 1970, dé du bao 6n dinh cho céc duong 10 tai cac mé than vung Ponbas, dua trén
nhitng s6 liéu tham do dia chat ban dau, Malinhin di dua ra khai niém thé nang 6n dinh
S. Dua vao tri sb cua S, tac gia da phan chia da noc theo 5 cép 6n dinh.

Nhuoc diém cta phuong phap nay: 1a khong xét dén cac yéu td dia co c6 anh hudng
dén do o6n dinh cua cong trinh ngdm (CTN), dic biét chua ké dén anh hudng cua hinh
dang, tiét dién cua CTN va cac yéu t6 anh huéng cua cong nghé khai ddo nén moi chi
cho phép du bao so bd kha nang on dinh cua cac CTN dua trén cac sb liéu tham do ban
dau.

2. Phuong phdp phdn logi cua Eropheev:

Nam 1978, Eropheev da gigi thi€u phuong phép danh gia cia Vién xay dung mo Kuzbas
thong qua hé s6 6n dinh S.

Han ché ciia phuong phap nay 1a chwa dé cap t6i yéu t6 dja chit thiy vin cua khdi da (hé
s6 thAm) va vi tri twong d6i cua cac khe nut va dic tinh khe nut trong khéi da so voi truc
clia cong trinh ngam.

3. Phuong phap phan logi cua Bulutrop:

Niam 1982, Bulutrop da dé xuat cach xac dinh kha nang sap 16 trong cac duong 10 thong
qua chi tiéu 6n dinh thyc nghiém S. Tuy thudc vao chi tiéu on dinh S, tac gia da phan cac
khéi d4 thanh 5 nhém 6n dinh.

Han ché cua phuong phap 13 tac gia méi dimg lai & viéc phan loai kha ning 6n dinh cua
khéi d4 xung quanh duong 16, ma khong khang dinh vé kha ning dé luu thong ciing nhu
khong dé xuat cac bién phap chdng giir cac duong 10 trong timg cip 6n dinh khac nhau.
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N6i chung, & Lién x6 (cii) cac phuwong phap van ngay cang dugc cai tién va hoan thién:
chang han nhu: Kuznhexov, Ardaxep va Philatop (1978) dé xuat cac biéu thirc hoan thién
viéc tinh do bén nén ctia khéi da, ...
I1.2. Hé théong phan loai dd ciia cdc nwéc tién tién

Cung voi hé théng phan loai khdi da do cac tac gia thudc Lién x6 cii d& xudng 1a hé
théng phan loai khdi d4 cua cac tac gia thudc cac qudc gia khac nhu: My, Ao, Anh,
Phép,... cach thuc chi tiéu phan loai, pham vi 4p dung cua ting phuong phép phan loai
da ciing rat khac nhau. C6 thé tong hop cac hé théng phan loai khéi da dién hinh theo Hé
théng phan loai d4 ctua Arild Palmstrom va Hé théng phan loai d4 ctua Bieniawski, 1989;

Ozkan va Unal, 1996; Ulusay va Sonmez., 2002 nhu sau:
Mot s6 hé thong phan loai da dién hinh — Bang 1

(Tl - On Classification Systems by Arild Palmstrom, Norconsult AS, Norway) &
(T7 — Hé thong phdn logi ciia Bieniawski, 1989; Ozkan va Unal, 1996; Ulusay va Sonmez., 2002
- Thesis Submitted to The Graduated School of Natural and Applied Sciences of Middle East
Technical University b‘y Solflgul Cosar, September 2004)

Tén hé thong phan

loai

Téc gid, nam deé xuat,

nudc

Pham vi ap dung chinh

Hé¢ thong phan loai tai

Terzaghi, 1946, My.

Ham duoc chdng bang khung thép.

chéng cua Lauffer

trong khbéi da cua
Terzaghi
Thoi gian 6n dinh khong | 1 auffer, 1958, Uc Bién phap chéng gitr dé thi céng ham

Phuong phip dao ham
méi ciia Ao (NATM)

Rabcewicz, Muller va

Pacher, 1958-64, Ao.

Thiét k& va thi cong trong diéu kién qua tmg

suat cho phép ctia nén

Hé thong phan loai

thong nhét cua dét va da

Deer et al., 1969, My.

Danh gia dét, da dua trén nhiing thanh phan tir

nho dén 16n

Chat
(RQD)

luong khoi da

Deer et al., 1967, My.

Co s¢ dé nhan dién 16i da; dung nhiing hé thong

phéan loai khac nhau.

Phan loai theo kich

thudc va do bén cua da

Franklin, 1975

Co s¢ dé danh gia cuong do da va duodong kinh
cta d4 tang; dung chu yéu trong cong trinh khai

thac mo

Phén loai theo hé so cau

truc cua da (RSR)

Wickham et al.,
My.

1972,

Thiét ké khung chdng bang thép trong thi cong

ham.

Phén loai theo chi s6 cla

khdi ¢a (RMR)

M-RMR

Bieniawski, 1973 & 1989,
M5.

Unal va Ozkan 1990

Ung dung rong rai trong cac cong trinh: ham,

khai thac md, on dinh mai doc, nén cong trinh.

Khai thac mo
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He¢ thong phan loai chat
luong khéi da Q

Barton et al,. 1974 (Sau
cung 2002), Nauy.

Thiét ké khung chong trong khai ddo cong trinh

ngam (Ham, mo, nén cong trinh)

H¢ thong cac loai hinh

phan loai

Matula va Holzer, 1978.

Dung cac théng tin lién lac

Kich thuéc - Cudng do

cua da khoi

Franklin, 1975, Canada

Cong trinh him

Hé thdng phan loai da
thdng nhét

Williamson, 1980

Dung cac thong tin lién lac

Phan loai dya trén thong

s6 dia k¥ thuat

ISRM, 1981, Québc té.

Phd bién chung

Cuong do cua khoéi da

Stille et al, 1982, Thuy

Cong trinh M6 (khung chdng bang thép)

(RMS) Dién

Hg thong phan loai khoi Williamson, 1984, MJ. Ap dung chung
da thong nhat (URS)

Hé théng phan loai chi | Palmstrom, 1995, Thuy Céng trinh him
s0 da khoi (RMi) bién.

Chi s6 cudong do dia
chat (GSI)

Hoek va Brown, 1997,

Canada

Thiét ké khung chong trong khi ddo cong trinh

ngam.

% Trong cac cach phan loai da trén, thi dién hinh nhat la:

— Biéu d6 phan loai théng nhat theo Deere et al., 1969 (The Unified Classification Chart)
& Phuong phap RQD (Rock Quality Designation) - Phan loai khéi d4 theo Deere.

— Phuong phap RMR (Rock Mass Rating or Geomechanics Classification) — Hé thong
phan loai khéi d4 theo Bieniawski, 1989.

— Phuong phap RSR (Rock Structure Rating System) - Phan loai theo hé s6 céu triic
(Két cdu) cua da.

— Phuong phap Q (Rock Mass Quality) — Hé théng phan loai chit luong khdi da theo
Nick Barton, Lien and Lund, 1974.

— Phuong phap RMi (Rock Mass Index) - Hé thong phan loai khdi d4 theo Palmstrom,
1995.

— Chi s6 d6 bén dia chat GSI (Geological Strength Index) - Chuan pha hoai Hoek
Brown.

— Phuong phap dio him méi cia Ao NATM (New Austrian Tunneling method)

— Phuong phap phan loai nhom da — Puong him xuyén nui ciia Nhat Ban (Japannese
standard for mountain tunneling 1996).

I1.2.1. Biéu d6 phan loai thong nhit - Theo Deere et al., 1969
(T 1 - On Classification Systems by Arild Palmstrom, Norconsult AS, Norway).

Biéu dd nay cho biét tinh chat co hoc va tinh chat cong trinh ctia khéi d4 & hién truong.
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Hinh 1 — Biéu dd phan loai théng nhét cua Deere et al., 1969.

Phan loai khoi d4 theo Deere — Phwong phap ROD( Rock Quality Designation)

L=0
:°1z'°c" _ XCore pieces > 10 cm 100
em RDQ = o length of core run *
38+ 17 +20+ 35
b e RDQ = — =00 55 %

L=35cm

E Drilling break

L=0
no recovery

Hinh 2 - S6 do tinh toan gia tri RQD (Deer, 1989)

Nam 1963 Deer dé xuat phuong phap RQD (dugc goi 1a phuong phap Chi sb chét luong
da — Rock Quality Desination). Tir quan sat va nhan xét cho rang: Do dai cac 16i da lay
1én tir 16 khoan kha phu hop v6i d6 bén va do nit né cua khdi da. Tac gia da dé nghi: Lay
téng chiéu dai cac thoi khoan 1am tham sd phan anh chét lugng, Deere dé nghi st dung
khai niém “Chi s6 chat lugng khoi da”, viét tit 1a RQD va duoc xac dinh theo cong thirc
sau:  RQD = L,/L:

Trong do6:
— L,: Tong chiéu dai cac thoi khoan c6 chiéu dai khong nho hon 2 1an duong kinh
16 khoan trong mdt hiép khoan.
— L Chiéu dai hiép khoan.
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Duya vao cac quan sat thuc nghi¢m, Deer sap xép cac khoi da ra lam 5 loai tuong ing

v6i cac gia tri RQD khéc nhau va dugc trinh bay trong bang sau:

Twong quan giita RQD va chit lwong d4a — Bang 2

Phan loaichdt | S6khenittrén1 | Tyl mo dunbign | 1Y s6t6c dd
RQD Iwon m dai (k) dang (ke)
ong o ang (ke Va/Vim

0+25 Rét x&u >15 0.0+02
2550 Xéu 158 <0.2 0.2+ 04
5075 Trung binh 8+5 0.2+05 04+0.6
75:90 Tét 51 0508 0.6-08
90100 Rét 16t <1 0.8+1.0 0.8+1.0

Nhu vay RQD thuc su chi 1a mot chi sé phan anh mtc do nat né cua khéi da, duoc
xé4c dinh theo mot tuyén khao sat (trong truong nay 1a 16 khoan), do d6 RQD c6 thé dugc
xéc dinh theo s6 lidu do v& ¢ vach hé dao, vach duong 10.

Palmstrom (1982) da kién nghi: néu nhu khong xac dinh duogc gia tri RQD tir cac 15
khoan thim do hodc liy mdu, c6 thé tinh gian tiép bang coéng thuc thuc nghiém
(Palmstrom, 1982).

RQD=115-3,3J)y
Jy: 13 téng s6 khe niit trén mot don vi thé tich hodc trén mot don vi chiéu dai.
Sur dung cong thure (Priest and Hunson-1976):
RQD = 100(0,1Kxn +1) exp(-0,1Kxn)
Kin: 12 mat d6 (hay mé dun) khe ntt = s6 khe ntt/1m dai doan 16 khao sat (kn/m)
Béng cach nay, tor mot s6 liéu do vé& khe nirt cua khdi da co thé tinh duoc RQD va
danh gia phan loai dugc chat lugng khdi d4. Piéu nay gan twong tu v4i nghién ctu cia
Franklin (1971) khi tic gia nay dé nghi dung gia tri Kk, dé phéan loai nhu dugc néu &
bang phan loai khdi da cia Deer & trén, trong bang nay ciing bo sung thém két qua
nghién ctru ctia Hobbs (1975) va ctia Onodera (1963) va tuong quan giira chit luvong khoi
da véi ty s6 md dun bién dang cua khéi d4 voi mau da (kg), cling nhu véi ty sd tbe do
truyén song doc do tai hién truong va do trén mau (Vax/Vam).
Phan loai khéi dé ciia Deer khéng nhitng la mot hé théng phan loai khoi dda déc lap
ma né con lam co so cho rat nhiéu hé thong phdn loai khéi dd ciia cdc tac gia khdc. Theo
nhu sw phdn logi ciia Deer thi chi sé chdt lwong dd ROD c6 thé dwoc xdc dinh truc tiép
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trén 16i khoan hodc thanh hé dao hodc ciing cé thé xdc dinh gian tiép thong qua mdt dé
khe nirt hodic ty sé toc dé truyén séng doc ciia mau dé va khoi da.

Gid tri ROD rit quan trong doi véi phan loai khoi da theo phwong phdp RMR va
phirong phdp Q. Tuy nhién, han ché cia phwong phdp phan loai ndy la chwa ké dén “Pé
bén co hoc ciia khéi da” va “Khéng dwoc ding trong do vé ban dé vét 16 da”chinh vi vy
ma viéc phan loai khoi dd chua thuce su hoan thién.

Chi s6 chat lwong da ROD cua Deer da dwoc s dung rong rdi, dac biét la o Bdc My.
Merritt (1972) va Deer (1988) da lién két ROD véi hé sé tdi trong da ciia Terzaghi dwoc
diing trong céng trinh ham.

I1.2.2. Hé thong phan loai khoi d4 theo Bieniawski — Phwong phap RMR

(Rock Mass Rating or Geomechanics Classification)

Hé thong phan loai khdi ¢4 RMR duoc phat trién dau tién boi Bieniawski nim 1973 va
cac nha khoa hoc, cadc nha nghién ctru cong nghiép ¢ phia Nam Chau Phi (CSIR), sau do
hé thdng phan loai nay tiép tuc duoc phat trién vao nhitng nam 1976, 1989. Hé théng
phan loai nay duoc ap dung rong rii voi moi cong trinh: thiét ké dudng ham trong ting
d4 mém va cung, khai thac mo, on dinh mai dbc, nén cong trinh,.. . Nam 1989, h¢ thé)ng
phan loai nay da duoc phat trién thém, dua dén su phan chia dya vao don vi cAu tric dia
chét tng véi timg loai khdi da. Hé théng phan loai RMR duoc dua trén 6 thong sé anh

huong sau:
RMR = A1+A2+A3+A4+A5+A6
Trong do:
° Al: D6 bén nén mét truc cia da.

. A2: Chat luong 16i da RQD.
. A3: Khoang cach gitra cac khe nut.
. A4: Trang thai cua cac khe ntt.
. A5: Diéu kién nudc ngam.
. A6: Hudng cua cac khe nut.
Bieniawski di thong ké cach tinh cac théng sé RMR ciing nhur cac nhom khéi da trén
co s& Phan loai khéi dé theo bang sau:
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Hé thong phan loai khoi da ciia Bieniawski 1989 — Bang 3
(T9 - Rock mass classification)

A. Cac thong so va khoang gia tri phan loai da
THONG SO KHOANG GIA TRI
Cuc‘mg do0 nén Ddi khoang céc gia trj thap
\ >10 MPa 4-10 MPa 2-4 MPA 1-2 MPa Cutng do nén 1 truc
Cuong | diém 0 v
doda | Cuong do nén 1 N
1 >250 MPa 100-250MPa 50-100 MPa 25-50 MPa 1-5MPa <IMPa
truC 25MPa
Phan loai - Al 15 12 7 4 2 1 0
Chit luong 161 da RQD 90%-100% 75%-90% 50%-75% 25%-50% <25%
2
Phan loai - A2 20 17 13 8 3
Khoang cach giira cac khe
>2m 0.6-2.0m 200-600mm 60-200mm <60mm
nut
3
Phén loai - A3 20 15 10 8 5
Pic diém khe nit B4 mit rt nham Bé mat nham nhe Bé mat nham nhe Bé mat nhén, tron Réanh >5mm
: Khéng dat doan Vét ntit <Imm Vét ntt >1mm Hodc ranh<5mm Hodc vét nit >5mm
(th E) Khé P Phong hoa nhe Phong hoa nang Hodc vét niit 1- Lién tuc
4 0ng nut ne
Khéng phong hoa Smm
Lién tyc
Phén loai - E4 30 25 20 10 0
Luu luong chay
Khéng c6 nude
vao 10m duong ¢ <10 10-25 25-125 >125
. chay
ham (I/m)
Nude
X Ap lyc nude/Ung
s | "M | gudt chinh  16n 0 <0.1 0.1-02 02-05 >0.5
nhat
Diéu kién chung Hoan toan kho Am uét Uét Chay nhé giot Chay thanh dong
Phan loai - A5 15 10 7 4 0
B. Phin loai theo huwdéng ciia cac khe nirt
Hu(’)‘ng nut va hUdng doc . Tuong déi thuin PO JU—
Rét thuén loi Thuén loi i Khong thuan loi Rat khong thuan lgi
cua khe nut loi
. Ham va mé 0 2 5 -10 -12
6 Phan
loai - Nén him 0 2 -7 -15 -25
B I A
Mai doc 0 5 25 -50 -60
C. Phén loai khoi da dugc xdc dinh tir tong tri so diém cua cic thong s6 RMR
RMR 81-100 61-80 41-60 21-40 <21
Nhom phan loai I I I v v
Mo ta Da rét tt Pa tét Da tuong ddi tot Pa xéu DPa rit xhu
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D. Phén loai cic nhém da chinh

Nhém phén loai I s Uil v v
K_h()éng thoi gian trung binh 20 ndm cho 15m 1 ndm cho 10m 1 tudn cho 5 m 1 hcho2.5m 30 phut cho Im
Luc dinh cta khéi d4 (kPa) >400 300-400 200-300 100-200 <100
Goéc ma sat trong ctia khdi da (°) >45 35-45 2535 15-25 <15
E. Phén loai da theo tinh trang khe nut
, . <lm 1-3m 3-10m 10-20m >20m
Chiéu dai khe nit 6 4 2 1 0
) Khong lién tyc <0.1 mm 0.1-1.0 mm 1-5 mm >5 mm
Tinh Lién tuc (khong ho) 6 s 4 . 0
N Rt ghd ghé Ghd ghé Ghd ghé it Nhén Mat trugt
b6 GO ghe p 5 3 | 0
) Khong lp nhét Lap nhét Lap nhét Lap nhét mém LAp nhét mém >Sm
Do lap nhét p clg<5m cling>5m <5m 0
4 2 2
Khéng phong hoa Phong hoa nhe Phong hoa TB Phong hoa cao Phong héa hoan toan
Do phong héa 6 s 3 | 0
F. Anh hudéng cia sy va dap lién tuc va do nghiéng duwdng phwong trong ham

Va dap theo hudng vudng goc véi truc ctia hdm

Va dép theo hudng song song véi truc ciia hdm

Quay véi do nghiéng 45-90°

Quay vdi do nghiéng 20-45°

b6 nghiéng 45-90° Do nghiéng 20-45°

RAt thuan loi

Thuén lgi

R4t thuan loi Tuong dbi t6t

Quay véi do nghiéng 45-90°

Quay véi d¢ nghiéng 20-45°

Do nghiéng 0-20° — K& ca va dap

Tuong dbi t6t

Khong thuan lgi

Tuong dbi t6t

Chii gidi I: Bang 3-A4 dua ra gia tri voi gia tri A4=25 voi Bé mit nham nhe, 46 mo

<Imm.

Bang 3.E c6 thé sir dung véi tri s6 diém 16n hon. Do d6, trong trudng hop nay tri s tong
1a: 4 (khe nirt dai 1-3m), 4 (Tinh lién tuc), 3 (P ghd ghé nhe), 6 (khong 1ap nhét), va 5

(Phong hoa nhe) = 22.
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Chii_gidi 2: Bang 3-F dua ra mo ta “Tuong d6i tét” d6i véi ham, diéu kién do

nghiéng=60°. Ciing v6i su md ta nay trong bang 3-B d6i voi “ Puong him va mo” dua ra

tri 6 -5.
Gia tri RMR sau khi xem xét dwgc xac dinh nhuw sau:
Bang Loai thong sb Gia tri Tri s6 diém
Al Chi s6 lyc diém 8 MPa 12
A2 RQD 70% 13
A3 Khoang cach gitta cac khe nurt. 300 mm 10
E4 Trang thai cua cac khe ntt. Chu giai 1 22
A5 Nudc ngam U6t 7
B Diéu chinh di véi hudéng Chu giai 2 -5

cua khe nut

Téng 59

Bieniawski dd thong ké cdch tinh cdc tham sé RMR ciing nhw cdc nhém khoi da trén
co 56 phén logi khoi da dwoc thong ké theo Bdang so 3 (Phdn A va B) ¢ trén. Cdc théng s6
lién quan dén khéi da dwoc luong hoa mot cach chi tiet, trén co sé d6 Bieniawski da
phan loai chdt lwong khéi da mot cach cu thé trong bang sé 3 (Phan C).

Huéng dan cach dio va chong d d6i voi 10m da dudng ham theo hé théng phan loai
RMR Bieniawski nim 1989 (Xem chi tiét tai phu luc s6 1 tiéng Anh).

C6 thé sir dung théng sé RMR dé tinh mé dun dan héi cia khéi dé ciing nhie dp liee
khéi da 1én céng trinh ngam.

Hé thong phdn logi dé cia Bieniawski dd dé cdp dén rdt nhiéu cdc yéu t6, cdc ddc
diém cuia khoi dé, chinh vi vay ma sy phan logi khoi dd gd‘n Vi thuee té lam viée ciia khoi
da hon, no la co so cho viéc xac dinh chi tiéu co ly cua khéi da theo cac tiéu chuan khdc
ma dién hinh la tiéu chuan Hoek — Brown, mét tiéu chudn dwoc dp dung rdt phé bién
hién nay.

I1.2.3. H¢ thong phan loai hé s6 ciu tric cia da theo Wickham et al (1972) —
Phwong phap RSR.

Hé thdng phén loai RSR rét quan trong trong viéc danh gia d6i v6i cong trinh x4y dung.

Hé s6 RSR dugc danh gia thong qua 3 hé sé RSR = A+B+C.

1. Thong s6 A, vé dia chat: Nhin chung dugc danh gia dua trén cAu tao vé dia chat.
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— Loai ngudn gdc cta da (P4 Macma, da trim tich, d4 bién chat)
— Do cung cia da (Cung, cimg vira, mém, bé roi hay da bi phan huy).
— Céu trac dia chat (Dang khdi, dit doan - ubn nép nhe, dut doan - udn nép trung
binh, dut doan - udn nép manh).
2. Thong s6 B, vé dia hinh:
— Khoang cach giira cac khe nut
— Hudng khe nit
— Huéng cua duong ham
3. Théng sé C, Anh huong ctia nude ngam dén sy phat trién khe nit.
— Nhin chung chat lugng khéi d4 dwa chi yéu trén 2 thong sé A va B.
— Tinh trang khe nut (T4t, trung binh, x4u).
— Luu luong nudc chay vao.
H¢ s6 ciu tritc ciia dd; Thong sé A, B, C cu thé hon xem trong phin phu luc— Hé
thong phin loai RSR.
I1.2.4. Hé thong phan loai khéi d4 theo Nick Barton, Lien, Lund,1974 — PPhép Q

Nam 1974 Barton va d@)ng nghiép tai truong Pai hoc Dia k¥ thudt cia Nauy da dua ra
Chi sb chat lvong him (Tunnellling Quality Index Q) dé xac dinh cac diém dic trung cua
khéi d4 va nhimg yéu cau vé cach chdng d& dudong him. Chi sé nay duoc danh gia théng

qua 6 tham s6 va dugc thé hién bang biéu thirc sau:

Q= R® I  oaw
Jn Ta SR
Trong do:
RQD - Chi s6 chét luong da
Jr - Chi b xét t6i bé mit cac khe nirt
Jw - Chi s xét toi anh hudng cta nudc ngdm
Jo - Chi s xét dén cac hé khe nirt trong da
Ja - Chi s6 xét dén su bién doi cta khe nut

SRF — Chi sb xét t6i sy suy giam Ung sut

Céc chi s6 nay dung dé xac dinh Q, Barton nim 1974 di dwa ra 3 cip thira sb v6i y

nghia nhu sau:
RQD/ J, - Pic trung cho ciu triic cua khdi da co kich thude tir 0.5 + 200 cm.
J /J. - Pic trung cho do bén cat cta khdi da.

Jw/ SRF — Pic trung cho mg suat hiru hiéu tac dung vao khbi da.
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Nam 1993, Grimstad va Barton di dua ra Biéu do vé do on dinh duong ham dya trén
chi s6 chat luong Q (Xem chi tiét tai phan sau va phu lyc sb 3 tiéng Anh). Barton nim
2002 d3 phat trién biéu do Q (Xem chi tiét tai phu lyc s6 3’ tiéng Anh) va sau d6 n6 da
dugc phat trién boi Palmstrom va Broch nam 2006.

BANG PHAN LOAI KHOI PA THEO HE Q

1. CHI TIEU CHAT LUONG PA (ROD)

CHAT LUONG DA RQD GHI CHU
Rét x4u 0-25 1.Gié tri RQD < 10 (Bao gdm cé gia tri 0).
X4u 25-50 Gia tri 10 s& duoc st dung dé tinh toan.
Trung binh 50-75 2.Céc gid trj RQD trong khoang 5% nhu 100,
Tét 75-95 95, 90...dugc sir dung trong tinh toan.
Cuc tét 90-100
2. CHI SO LUONG TAP HOP KHE NUT
DIEU KIEN PA Jn GHI CHU
Nguyén khéi, khong c6 hoic it khe nut 0.5-1.0
Mot tap hop khe nut 2
Mot tap hop khe nirt va cac khe nat ngau nhién 3
Hai tap hop khe nirt 4 S .
1. Bai cho giao cat: 3xJn
Hai tap hop khe niit va 1 khe nirt ngau nhién 6 > i cira hm: 2xJn
Ba tap hop khe nut 9
Ba tap hop khe nut va 1 khe nirt ngau nhién 12
Bon hay nhiéu tap hop khe nirt va khe nirt ngau 15
Pa bi vo vun, giéng nhu dat. 20
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3. CHI SO PO NHAM CUA KHE NUT

DIEU KIEN PA Jr GHI CHU

a. Khi thanh khe nirt tiép xiic véi nhau

b. Khi thanh khe nit tiép xic véi nhau trude

khi bi ciit 10 cm
A.Céc khe nut gian doan 4 1.Cong thém 1 néu khoang
cach trung binh cua tap hop
B.Céc khe ntt nhdm khong quy luat, luon song 3 khe nit ¢6 lién quan 16n hon
. , \ . 3m.

C.Céc khe nut tron va luon song 2

. 2.Jr=0.5 c6 thé sir dung khi
D.céc khe ntrt nhan va lugn séng 1.5

cac khe phang, nhan c6 dau

E.c4c khe nirt nham hodc khong quy luat, phing 1.5 vet xude cua sy dich

chuyén, véi BK céc vét do

F.Cac khe nitt tron, phing 1.0 c6 tinh dinh hudng.

G.Céc khe nirt co mit truot phing 0.5

c.Khong c6 sy tiép xiic thanh da khi cit

H.Chiéu day cua d6i khodng vat sét da dé chdng

J.Chiéu day cua céc vat liéu 14p nhét nhu: cét pha,

4. HE SO BIEN POI KHE NUT - Ja

. I GOC MA
DIEU KIEN DA Ja ,
SAT
a.Khi thanh khe mirt tiép xtic véi nhau
A.Tiép xtic chit, chit cing, khéng mém, chat 1ap nhét khong thim 0.75
nudc
Y4 2. 2\ 2, I 1 0 250-350
B.Cac thanh khe nut khong bién d6i, bé mét co6 su thay d6i mau sac ‘
C.Thanh khe ntt it bién d6i, khoang vat 1ap nhét 13 khoang vat khong 20 25°-30°
mém nhu cac hat cat, cdc manh d4 sét,...
‘ ‘ 30 20°-25°
D.Phu khe nut 1a bui hodc sét cat va cac manh dé sét nho(khong mém) :
N L . . 40 8°-16°
E.Phu khe nut 1a vat chat mém, Kaolinit, mica.Ngoai ra clorit, thach :
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cao, than tri va mét luong nho sét truong nd (Phu khong lién tuc ,
chiéu day chi <1-2mm).
b.Thanh khe nit tiép xiic véi nhau khoang 10 cm trwéc khi cit
. 40 25°-30°
F.Ttrong khe ntrt c6 nhi€u hat cat va sét do da phan huy. :
G.Khe nut 1ap ddy boi khoang vat sét khong mém va qua c¢b két 6 mic | ¢ 16°-24°
d6 manh (Chiéu day lién tuc chi <5mm)
H.Khe nirt 1ap dy boi khoang vat sét khong mém va qua ¢b két 6 mic | g 12°-16°
d6 trung binh dén thap (Chiéu day lién tuc chi <5mm)
J.Cac vat liéu 1ap nhét 1a sét truong nd nhu Montmoriolit(Chiéu day 60120
lién tuc chi <Smm). Gia tri Ja phu thudc vao % kich thudc hat sét truong 8-12
nd va do dan nude.
c¢.Thanh khe ntt khong xay ra tiép xic khi cit (Khi chuyén dich)
K.L.M.Céc d6i hodc dai c6 chita cac san pham phéan huy hodc cac 6-8 6°-24°
manh d4 13n sét (D61 véi sét xem muc G, H, J) 8-12
N.Cac d61 hoa dai c6 chira bui hodc cacc manh sét ( khong mém) >
O. P. R. Cac d6i hoac dai co chira sét day (Dbi v6i sét xem muc G, H, 10-13 6°-24°
12-20
1)
Gia tri ¢r : duoc chon xap xi theo céac chi tiéu cta khaongs vat va cac khoang vét thir sinh

5. CHI SO GIAM BEN DO NUOC TRONG KHE NUT GAY NEN

AP LUC XAP XI
MO TA PIEU KIEN NUOC Jw CUA NUOC
(kgf/cm’)
. 1.0 <1
A .Mat khai dao kho hay dong chay nhé, VD: 51/m :
B.Dong chay trung binh hay thinh thoang ap suat 0.66 1.0-2.5
nude day vat lidu 1ap nhét tir khe nirt ra ngoai.
C.Dong chay 16n hay 4p suat cao trong da cimg tir 0.5 2.5-10
cac khe nirt khong c6 chit lap nhét,
D. Dong chay 16n hay 4p suét cao, day cac vat lidu 033 2.5-10
14p nhét tir khe nirt ra ngoai.
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>10

E.Dong chay dic biét 16n hay nudc c6 ap sau khi nd 0.2-0.1
min, suy yéu theo thoi gian
F.Dong chay dac biét 1on hay nudc c6 ap lién tuc 0.1-0.05 >10

khong thé nhan thiy su suy yéu

GHI CHU:

1. Cac yéu tb C, F 1a danh gia so bo. Gia tri J, ting 1én néu duogc tang cudng cac bién phap thoat

nudc.

2. Khong xem xét céc vin dé dic biét 12 nguyén nhan cla su tao thanh bang da.

6.CHI SO XET TOI SU SUY GIAM UNG SUAT (SRF)

MO TA PIEU KIEN PA SRF GHI CHU
i i i 1.Giam gié tri SRF di
a. Cac, doi da yéu gmor cat mat khai t{‘ao, co thé gay nén 25-50% néu cic déi
sw bién dang cua khoi da khi dao ham. r 154 .
trugt co lién quan chi
A.Su xuét hién nhiéu 1an cta cac doi d4 yéu bao gom sét 10 gly anh huolig chvu
hay da bi phan huy hoa hoc, d4 xung quanh rét toi kh01,1g glao cat m?t dao.
2.Do6i voi ung suat &
B.Cac déi da yéu riéng 1¢ bao gdm sét hay d4 bi phan huy 5 hién truong 16n khong
héa hoc (P9 sau khai dao<50m) dang huéng (néu do):
. . 5<01/ 063510,
C.Céc doi da yéu riéng 1€ bao gom sét hay da bi phan huy 2.5 giam o, va o thanh 0.8
hoa hoc (D0 sau khai dao>50m) ot; khi 6 1/ 63>10, giam
. ; ¢vao (thanh 0.6 o va
D.Cac doi truot phuc tap trong da cung (sét két), da xung 75 Ocvacthan . Oc v
R S S 0.6 ot (oc: do bén khang
quanh bi toi x0p (dd sau bat ky)
nén no hong; o : do
E.Céc doi truot riéng 1€ trong da cung (sét két) (do sau 5 bén kéo (nén diém); o1
khai d20<50m) va o3: la cac ung suat
chinh 16n nhat va nho
F.Céc déi trugt riéng 1é trong da cing (sét két) (do sau 2.5 nhét.
khai da0>50m) 3.D6i 1 sb truong hop
G.Chc khe nirt m rone. 16n hav c6 dane hinh khéi (d6 c6 khoang céach tir vom
.Céc khe nit m¢ rong, 16n hay c6 dang hinh khoi (do N oar N
. ne 4 8 ( 5 ham dén bé mat dat nho
sau bat ky) N .
hon chiéu rong ham.
. . | oo Gt O, . . e
b.Dd cirng co van dé vé irng suat Kién nghi tang gia tri
SRF tr 2.5 dén 5 cho
H.Ung sudt thép, gﬁn bé mat dat >200 13 2.5 mdi truong hop (xem
r. 14 - - H)
J.Ung suit trung binh 200-10 | 13-0.66 L0
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K.Ung suét cao, cdu trac
chit(thuong én dinh, c6 thé khong | 107> | 0:66-0.33 1 0.5-2.0

6n dinh tuong bén)

L.D4 nd nhe (d4 dang khdi) 5-2.5 | 033-016) 510

<2.5 <0.16 10-20

M.P4 nd manh(da dang khéi)

¢.Pa trwong né, dong chay cia dd mém déo dwéi anh huéng cia

cac wng suat cao trong da.

N.ba truong nd co6 Gng suét nho 5-10
O. ba truong nd co6 tng suét 16n 10-20
d.Pa truwong nd, tic nhan lam truwong né la do nwéc

P.Ap lyc truong no nho 5-10
R. Ap luc truong ng 16n 10-20

P 6n dinh ciia cic nhém khoi da theo H¢ thong phin loai Q

Gia tri Q Nhém khéi da Chit lwong khdi da
400-1000 Dic biét t6t
100-400 A Cuc ky tét
40-100 Rét tot
10-40 B Tét
4-10 C Kha tot
1-4 D Yéu
0.1-1.0 E Rét yéu
0.01-0.1 F Cuc ky yéu
0.001-0.01 G Dic biét yéu

Bing so sanh giira RQD va h¢ thong phan loai Q

Chi s6 chit lwgng Pi loai tbt Pi loai trung binh Di loai x4u
da
3 4 9
Jn
2 2 1
Jr
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P 6n dinh ciia cic nhém khoi da theo H¢ thong phén loai Q

Gia tri Q Nhém khdi da Pic diém 6n dinh
400-1000 Dic biét tot
100-400 Cuc ky tbt
40-100 Rét tot
10-40 Tét
4-10 Trung binh
1-4 Yéu
0.1-1.0 Rét yéu
0.01-0.1 Cuc ky yéu
0.001-0.01 Dic biét yéu

Bang so sanh giira RQD va hé thong phan loai Q

Chi s6 chit lwong P4 loai tot D4 loai trung binh P4 loai x4u
da
3 4 9
Jn
2 2 1
Jr
1 2 4
Ja
1 1 0.66
Jw
1 1 2.5
SRF
100 90 70
RQD
67 22 0.5
Q

% Phuwong phdp phdn loai Q: dwoc dp dung cho viéc thiét ké cdc cong trinh dwong

ham, no da dé cdp den rat nhiéu cdc dac diém lién quan dén khoi da, nhung maoi chi dé

cdp den mirc do suy giam do bén co hoc ma chwa dé cdp toi gia tri cua do bén co hoc

cua khoi da.

% H¢ thong phdn loai khoi dd RMR Bieniawski (1973) va hé thong phdn logi O ciia
Barton (1974) da rdt thanh céng trong viéc iing dung cdch phdn logi nay dé xdy dung

hang tram km cdc cong trinh ham. Cd hai hé théng phan loai ndy déu phu thudc vao gid

tri ROD ciia hé thong phdn logi ciia Deer (1964).
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2.2.4. Hé thong phan loai khéi da theo Palmstrom, 1995— Phwong phip RMi
Palmstrom nim 1995 dua ra Chi s6 khéi ¢4 RMi (Rock Mass Index) dua trén dic tinh

ve cuong do cua khoi da. Gia tri RMi dua ra dé danh gié kha nang chong do cua khoi da

trong cac cong trinh ngdm va cac phuong phap xay dung cong trinh trong khéi da.
Hé thong phan loai RMi duoc xac dinh dya trén 2 thong sb sau:
RMi=occxJp
Trong do:
oc: Cuong d6 nén 1 tryc cua da (MPa)
Jp: Thong s6 vé khe nut, phu thudc vao thé tich cua khdi da va dic tinh cta khe nit (do
nham, su bién ddi va kich thuéc cua khe nit).
Chi s6 khdi da RMi khac so véi cac hé théng phan loai khac chi yéu 1a danh gia
khéi da dua trén su mo ta va chat luong cia chung dugc thé hién bang chi s6 RMi. Gia

tri ctia Chi s6 nay danh gia tinh chét co hoc va dic tinh cong trinh cta khdi da.

Bang phan loai ciia hé théng RMi

RMi Cwong dj nén 1 truc cua Gi4 tri RMi
khoi da
, Cuc kv vé <0.001
Cuc ky thip Heryyeu
o R4t vé 0.001-0.01
RAt thp atyeu
, vé 0.01-0.1
Thap cu
T binh 0.1-1.0
Trung binh rung ot
Khd 1.0-10.0
Cao 0¢
2 R4t khoe 10-100
Rat cao
Cuc ky kho >100
Cuc ky cao He Ky o

7

< RMi duoc ap dung dé xac dinh tiéu chuan phé hity khong d6i Hoek-Brown.

(Trang 2 - The Rock mass Index RMi Applied in Rock mechanic and Rock
engineering — Arild Palmstrom).

®.

% RMi dung dé xac dinh dudng cong cong hudng ciia dat nén.
(Trang 7 - The Rock mass Index RMi Applied in Rock mechanic and Rock engineering —
Arild Palmstrom).

< RMi dung dé danh gia kha ning chdng d& cua da.

(Trang 10 - The Rock mass Index RMi Applied in Rock mechanic and Rock
engineering — Arild Palmstrom).
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< RMIi danh gia dinh lugng mé ta nén d4 theo phan loai NATM (Phwong phap phan
loai cua Uc d6i véi ham).

(Trang 29 - The Rock mass Index RMi Applied in Rock mechanic and Rock engineering

— Arild Palmstrom).

RMi ap dung trong nghién citu co hoc va cong trinh ciia khoi da

(Palmstrom, 1996)

| Rock Mass Index (RMi) |
|

[ Communication|

Fragme tation g2 8 Hoek-Brown
% o| [Tland blasting 2 RMR System| |'c 2| | failure
8 c T TETD - 58 criterion
@ | ity an = 5
= *rack | |28 Q-System E3 Numerical
3 c FOCK suppo E‘) ﬁ a @ deli
H Q0 O
2 ug':’ glcz!cuiations 28 e modeling
*ITBM progress| |3 2 NATM £ 3| L,|Deformation
evaluation = 23 modulus
=E
Ground
Field where application of | response
RMi has been developed curve

2.2.5. Chi sb d6 bén dia chat GSI - Chuin pha hoai Hoek Brown.

Hoek (1994, 1995), Hoek va Brown (1997) da dua ra hé théng phan loai méi cta khoi
da goi 1a “Chi sb d6 bén dia chit GSI” (Geological Strength Index, GSI). Hé thong phan
loai GSI ¢6 y nghia vé mat thyc tién hon hé thong phan loai Q va RMR khi trng dung

chuan phé hoai Hoek Brown.

Chuan phé hoai Hoek Brown (HB) hay con goi 1 chuan bén HB: 13 mét tiéu chuan dugc
lap tir kinh nghiém cho phép xac dinh quan hé twong quan giita cic thanh phan mg suét
& trang thai gidi han cia khéi da. Mdi quan hé nay c6 dang phi tuyén. Khi dung tiéu
chuan pha hoai, khdi da dugc coi 1a moi truong lién tuc dé mo phong, tinh toan va thiét
ke.

Ban dau chuan pha hoai nay dua trén: “ Cac két qua vat liéu da cung lién khdi c6 phé huy
gion cua Hoek (1968) két hop v6i md phong ciia Brown (1970) dé ap dung ddi véi khoi
da co khe niit trong cong trinh ngdm. Ban dau huéng pha hay cua khéi da khong duoc
xét t01, ma nd duge coi nhur vat liéu lién tuc. Pé xac dinh dudng bao do bén cua khbi da
nt né, cac tac gia da dua vao dudng bao do bén cua da lién khdi. Cac hé sb nay co su
lién hé véi dic diém cua khéi da: thuong thong qua do dac, mé ta, nhan dang va phan

loai khoi da.
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Theo HB thi d6 bén khéi da niit né c6 thé xac dinh tir két hop két qua thi nghiém trong
phong véi quan sat mo ta va do dac o hién truong. Dién hinh la sw két hop Chi s6 khoi
dd RMR ciia Bieniswski (1989) véi Chudn phd hoai Hoek Brown (1988). Tuy nhién
vigc két hop nay khong dwoc phit hop, dic bigt véi dd yéu (RMR <25). Chi s6 GSI dugc
dé xuét su dung trong do bén HB cho viéc danh gia do bén cua khéi da Hoek et al (1995).

Gia tri cua GSI = 0 =+ 100, hé théng phan loai dung dé phan loai cho cac loai da trong
diéu kién 6n dinh mai doc, xay dung cac cong trinh ngdm hodc nén moéng cac cong trinh
trén da. Hé thong phan loai GSI duoc phat trién cu thé hon trong nhimg nim sau nay,
GSI dugc xac dinh qua md ta mau dugc thé hién trong phu luc s6 4 tiéng Anbh.

Chi s6 GSI ¢6 wu diém hon RMR khi dp dung vao tiéu chuan bén HB & cho:
+ C6 diéu kién 4p dung linh hoat hon.
+ Chi s6 nay duoc danh gia dua trén cac quan sat mo ta dia chat nhiéu hon.

Chuén pha hoai dugc xay dung dua trén kinh nghi¢m, nén né lién tuc dugc cap nhat, ban
m&i nhit c6 thé ké dén Hoek et al. (2002). Viée tinh toan cac chi tiéu co hoc cua khdi da
theo tiéu chuin HB duogc dua trén phan mém RockLab, trén co sd cac thong sb dau vao
mi, GSL, D, 0. dugc xac dinh tir thi nghiém trong phong va mé ta dia chit chi tiét.

> Phwong trinh tong qudt ciia chudn phd hoai HB cé dang nhw sau:

9
61’= 63+ G¢i| Mp 63 +gs|?

Oci
Trong do:
61’ va 3 °: 1a ing suét chinh 16n nhat va nho nhat trong thi nghiém nén 3 tryc
oei: d0 bén nén 1 truc ciia mau da.
m, s, a: 1 nhitng hé s6 dic trung cho tinh chit cua khéi da.

my = m; exp | GSI -100
28-14D

Trong do:

+ D: mac do anh hudéng ctua né min ddi vi do nguyén ven cua dat da (Lay trung
binh=0.3), D ¢6 gia trj bién d6i tir 01, theo HB thi D nén dugc hiéu chinh tuy thudc sb
lidu quan trac hién truong.

+ m;: hé sb tuy thudc vao tung loai da.

Céc hang s6 nay dugc xac dinh theo GSI nhu sau:
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s=exp | GSI-100 | Néu GSI>25; Néu GSI <25 this =0
9-3D

1 1
a=: + - (e “GSVIS _ ¢ 203y

GSI: 1a chi s6 xac dinh d6 bén cua khoi da cho cac diéu kién dja chét khac nhau, chu yéu
1a mirc 6 nirt né va dic diém bé mit khe nit. GSI duge léy theo két qua mo ta dac diém

cac yéu tb nay: c6 thé xac dinh theo Marinos va Hoek (2000) hay Marinos et al (2005).

Theo Hoek et al (1995), GSI c6 thé duoc xac dinh theo kinh nghiém dwa vao thong sb
RMRS9: chi s chit luong khdi da theo Bieniawski (1989), hodc chi sb chat lwong da Q’
theo Barton (1974):

+ V&i RMR’89 >23 thi ta ¢c6 GSI = RMR’89 -5

+ VGi RMR’89 <23 thi ta ¢ GSI =9InQ’ + 44

> Xac dinh cuong d6 khang nén cta khoi da

> Xac dinh mo dun bién dang khéi da

> Xac dinh cuong do khang cit ciia khdi a4 qua mé hinh Morhr — Coulomb
(MC) tir chuan pha hoai HB.

Phurong phdp ban thuc nghiém Hoek — Brown (phan mém Rocklab): Xudt phdt tir thi
nghiém cdt 3 truc mét mau dd, cde tac gia trén da dé xudt y twong cdt 3 truc mét khéi dd
I6m dua trén co sé tiéu chudn Hoek-Brown va cdc gia tri dac trung cho khoi da @6 dwoc
sik dung rong rdi trén thé gici trong danh gia dia ky thudt dat dd bang phiong phdp
RMR (Rock Mass Rating) va Q (Q system). Hién nay, tiéu chudn nay dwoc ting dung rat
thudn tién, dé dang théng qua phan mém RockLab. Trong tién trinh Viét nam héi nhdp
VGi thé gici, kién nghi tirng buwde dp dung mot sé tiéu chudn da dwoc Quoc té thira nhdn,
nhdt la tiéu chudn Hoek — Brown vao trong cong tdc khdo sdt cong trinh, dédc biét la cdc

cong trinh thuy dién.

2.2.6. Phuwong phap dao hAm méi ciia Ao (NATM).

Phuong phap dao hAm méi cia Ao (NATM) di duge phat trién boi Rabcewicz, Muller
va Pacher vao gitra nam tir 1957 va 1965. Rabcewicz (1963) da dua ra khai niém moi,
duoc nhiéu nguoi cho 1a co ¥ nghia lich stt, d6 13 ‘Phuwong phdp thi cong him mdéi ciia
Ao’ trong bao céo cua minh, dung nghia hiéu theo tiéng Ao 13 phurong thire dao ham méi

da chu y dén céac kinh nghiém, cac nghién ctru vé 4p luc dat/da cling nhu moi lién quan
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gitra ap luc dat/da voi cong nghé thi cong, véi cac van dé vé dia co hoc va phuong thirc

thi céng, da duoc nhiéu nha khoa hoc, cac chuyén gia thuc té duc rat va tong hop, nhu

Bierbaumer, Orlay, Rabcewicz, Stini, Terzaghi va Tschernig.
Bétong phun 1a yéu t bao vé co ban ciia phuong phap thi cong hAim méi ctia 4o di khang
dinh tinh kinh té rat rd rang. Phuong phép thi céng nay, theo ding ki ban quyén cua
Rabcewicz c6 céac dic diém sau:
« Phurong phdp thi cong ham mdi ciia Ao quan tam chii yéu dén ba loai két cdu co ban la:
bétong phun, neo va khung thép hinh hodc khung thép han t6 hop, dwoc sir dung riéng ré
hodic phoi hop.
« Nho ¢6 16p vé mong bétong phun nén hién twong dich chuyén, toi roi ciia khoi da dwoc
han ché cin ban va qud trinh bién doi co hoc dwge lan réng vao trong khéi dé, qua dé
Hinh thanh mot “vanh dai chiu tai”’trong khoi dd
« Két cau chong dwoc xdy dung sau d6 chi phdi tiép nhan tdi trong téc dung nhé vi viy
¢ thé thiét ké voi kich thuée nhé hon.
« Po dac bién dang, dich chuyén cia khéi dd két hop véi thi cong nhanh két cau nén hay
vom nguwoc phia nén, tao co sé cho cdc quyét dinh, nhdn dinh vé tinh todn va thi cong.
Nhu vay, cdt 16i caa “Phuong phap thi cong him méi ciia Ao” chinh 1 sir dung bé tong
phun lam két cAu chdng tam, hay bao vé, nhanh, kip thoi. Ciing vi vdy, nhiéu nha khoa
hoc va thuc té khdc ciia Chau Au quan niém rang phwong phdp thi céng ham méi ciia do
chi la mét dang cia ‘phicong phdp-hay phwong thire bé téng phun’, dd dwoc nhiéu noi sir
dung. Mit khac ngoai bé téng phun, cac két cdu chdng tam hay bao vé khac ciing duoc sir
dung doc 1ap hay phdi hop nhu neo, khung thép, coc, van...; cac so dd thi cong duoc xay
dung trén co s& cac so dd thi cong kinh dién. Khi khdi d4 c6 cac biéu hién troc 16 manh
dén c6 ap luc manh, phuong phap thi cong duoc thuc hién theo nguyén tic don dd, hay
theo phuong phap thi cong ctia Bi. Khi biéu hién cta khoi d4 thudc cac nhom tir ap luc
manh dén dang toi roi, chay, thi phuong phap thi cong hop 1y 1a phuong phap chia guong
c6 nhan d& (dao cac dudng 10 hay dudng hdm hai bén héng trude roi dao phia noc sau),
con duoc goi la phuong phap thi cong (c6 nhan do) cua buc. Cac phuong phap do6 da
duoc coi la cac phuong phéap
cb dién, tuy theo so d6 dao va so d6 thi cong. Tuy nhién, mic du bé téng phun véi vai tro
1am chire nang bao vé di duogc sir dung rat som, song lan dau tién da duoc cac chuyén gia
Ao phén tich k¥ va xay dung thanh phuong phap, do vy trén thé giéi khai niém phuong
phap thi cong him méi cua Ao dd duoc ap dung rong rii va quen biét v6i khai niém
NATM (New Austrian Tunneling Method).

% Phdn logi khéi da theo NATM (Ayaydin, 1986) xem tai phu luc tiéng Anh s6 5
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(T33- A Thesis Submitted to The Graduated School of Natural and Applied Sciences of
Middle East Technical University by Songul Cosar, September 2004).
s Tuwong quan gitta RMR, M-RMR, Q, GSI va NATM.
(T34- A Thesis Submitted to The Graduated School of Natural and Applied Sciences of
Middle East Technical University by Songul Cosar, September 2004).

Twong quan giira cac hé thong phan loai

Tac gia Twong quan
Bieniawski (1976) RMR =91nQ + 44
GSI = RMRys (use of 1976 version of RMR)
Hoek et al. (1995) GSI = RMRg— 5 (use of 1989 version of RMR)
ROD Jr
Hoek et al. (1995) GSI=9InQ’ +44> (Q: — T )
Jn  Ja

Unal (1996) M -RMR =9.66InQ +37.9

% M0 dun bién dang
(T37- A Thesis Submitted to The Graduated School of Natural and Applied Sciences of Middle

East Technical University by Songul Cosar, September 2004).

Tac gia Théng sb Gi6i han C(’)ng thure
: tinh Em
Bieniawski (1978) RMR RMR > 50 Ew=2RMR-100

Serafim and Pereira

(1983) RMR RMR <50 E,=10L(RMR-10/40]

Barton (2002) Q, Gc Gc <100MPa Ew= 10[(cc /100)Q] '

Gc <100MPa Em=[1-(D/2)] (oc /100) 10 (GSI-10)/40

Hoek et al. (2002) GSI, 6¢, D

GOc >100 MPa En=[1-(D/2)]10 (GSI-10)/40

Gc : Cuong d nén 1 tryc, D : Hé¢ s6 khong nguyén dang
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Qua cdc phwong phdp phén loai khéi dd ciia cdc tac gida néu trén, chiing ta thiy rang:

— Phuong phap phan loai da nao ciing c6 nhitng diém tich cuc va mit han ché caa né.

— Cac phuong phap nay mic du di dé cap t6i rat nhidu yéu té lién quan dén dic tinh co
hoc, thé nam, dac diém khe nut, thuy tinh, mic d6 phong héa... ctia khbi da nhung co
rat nhiéu yéu t6 con mang tinh chit chu quan va thién vé quan sat nhiéu hon.

— Xu thé chung hién nay: vé nghién ctru co hoc d4 nguyén khéi va nat né 1a tim ra mot
phuong phap phan loai khdi da cho phép dinh lugng cac yéu té anh hudng mét cach 16
rang va cu thé hon.

Vai tro ciia khéi da déi véi xdy dwng cong trinh giao théng & nwéc ta theo khia canh

twong tic véi cong trinh cé thé tam chia thanh 2 nhém:

— Nhém khdi dé sir dung 1am nén, méng cong trinh.

— Nhém khdi da sir dung lam méi trudng xung quanh cho cong trinh.

Nhém thir nhat: 1a cac cong trinh duong, cu, bén cang, san bay khi d6 khéi da dong vai

trd nhu nén moéng cta cong trinh. Coéng trinh c6 thé dit truc tiép 1én nén d4 trong trudng

hop mong néng va ciing c6 thé dat gian tiép 1én nén da trong trudng hop méng coc va

mili coc dit vao khdi d4. Phan loai khdi da duogc tién hanh theo phwong phap cta Deere

(RQD) trén 13i khoan két hop véi viée xac dinh chi tiéu co 1y cta da. Bién phap nay gip

phai mot s6 han ché 1a: khi khoan trong d4 phong hoa, niit né thi chi sé RQD rét thap,

nhiéu khi béng 0. Trén thuc té: khdi da c6 do bén cao, co khi 1a rat cao (co thé xac dinh
tuong ddi theo téc dd khoan va do cung cua 161 khoan duogc). biéu nay dan téi viée lua
chon sé liéu cho thiét ké khong mang tinh khach quan va thuong qua thién vé an toan,
1am ting gia thanh x4y dung cong trinh. Giai phap khic phuc: c6 thé b tri thém phuong
phap dia vat Iy dé xac dinh téc d6 truyén song ctia mau da va khoi da, trén co s do cd
thé gian tiép xac dinh duoc ty 16 mo dun bién dang cua khdi da két hop voi két qua thi
nghiém mau da trong phong, ¢ thé xac dinh dugc chi tiéu co 1y cua khdi da mot cach

chinh xac hon.

Nhém thir hai: 1a cac cong trinh nhu mai doc ciia duong, ham. Khi da dong vai tro nhur
mot bo phan cau thanh cong trinh (méi doc taluy cua dudng) hodc dong vai trd nhu moi

truong xung quanh coéng trinh (him dudng bo, duong sit). Thuc té hién nay, cong tac
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khao sat thu thap s liéu dau vao phuc vu thiét ké mai dbc trén khdi d4 & nudc ta rat han
ché va khong dong bo. Cac sb lidu dua ra con mang tinh cha quan, viéc do vé dia chat
cong trinh tuyén dudng ndi chung va khéi da noéi riéng duge thuc hién rat so sai va hau
nhu 13 khong thyc hién ddi vé6i cac cong trinh vira va nhé. Chinh vi sy thiéu chu trong d6
ma hau hét cac tuyén dudng mién nui va trung du ¢ nude ta, cong tac gia cb bao vé mai
dbc gap rat nhiéu sy cb. Dic biét 13 mot cong trinh 16n nhu duong HO6 Chi Minh chéng
han, hang nam cur vao mua mua thi rat nhiéu vi tri trén toan tuyén da xay ra sat 106 mai

taluy nén duong gay rat nhiéu thiét hai.

O Viét Nam tir truGe d3 c6 nhitng hdm dudng sét trén tuyén dudng sit thong nhit va
tuyén Ha ndi — Lao Cai, cac him nay déu c6 chiéu dai nhé va hau nhu di qua phan da
nguyén khoi. Tat ca cdc hdm nay déu duogc thiét ké va thi cong theo tidu chuan cia Lién
X6 cil. Cac hdm nay qua thoi gian dai str dung cho dén nay van dam bao sy 6n dinh. Thoi
gian gan day, mot sd cong trinh hdm duong bd 16n duoc xay dyng nhu: Him Hai Van
(Thira Thién Hué-Da Ning), ham Péo Ngang (Ha Tinh-Quang Binh), him C6 Mai
(Khanh Hoa). Cac ham dudng bo nay duogc thiét ké va thi cong theo cong nghé dao ham
méi cia Ao (cong nghé NATM), trén co s& phan loai va tinh toan chi tiéu co 1y cta khoi
da theo Rabcewicz, Pacher va Muller. Pay 1a cong nghé dao hAm méi 1an dau tién dugc
ap dung tai Viét Nam.

Trong cong tac gia cb cong trinh ngam tai Du 4n thuy dién Quang Tri: néu 4p dung
quy trinh, quy pham Viét Nam (Hudng dan thiét ké duong ham HD.TL-3-77) dé thiét ké
bién phap gia cd tam thi hau hét 367m tuynel dao trong da cat bot két s& phai thiét ké c6
thép chdng s& rat tén kém. Viéc ap dung hé théng phan loai chat lwong khbi da theo
MRM va Q di dem lai hiéu qua kinh té cao, ddy nhanh tién d6 thi cong tuynel. Hai hé
thng phan loai chét luong khéi d4 nay duoc bién soan trén co sd thu thip va tong hop tai
lidu tir hang trim cong trinh dd x4y dung va ngay cang dugc chinh xac hoa theo cac sb
liéu méi duge bd sung.

Tir két qua tinh toan cac chi tiéu co hoc cua khdi da tai cong trinh thuy dién Binh Pién
theo 2 tiéu chuan Hoek — Brown va tiéu chuan ctia Nga cho thay:

— Két qua tinh toan theo tiéu chuan Hoek — Brown cho gia tri C, ¢ cao hon so véi tinh
toan theo tiéu chuan ciia Nga: lyc dinh C két qua cao hon khoang 4 1an, goc ma sat @
két qua cao hon khoang 1.4 1an.

— Tri s6 mé dun bién dang: theo 2 tiéu chuan gan twong duwong nhau.

— Cuong d6 khang nén khéi da: theo tiéu chuan Nga 16n hon so véi tiéu chuin Hoek —
Brown.

— Tiéu chuan Hoek — Brown dap tng duoc dong thoi viée tinh toan chi tiéu khoi da
cho nén déap, bo déc va ham. Két qua dua ra 1a gid tri cu thé, khong can phai ndi suy,
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dong thoi cac thong s6 dau vao da bao ham day du cac dac trung cua khoi da cho thay
uu diem vuot trdi so voi cac ti€u chuan cia Lién X0 cil.

Tir viée nghién ctru téng quan vé mot sb phuong phap phan loai cac khéi da di duoc
phat trién va c6 ¥ nghia trong cong tac xay dung cong trinh néi chung va coéng trinh giao
thong noi riéng. Cac hé théng phan loai khéi da da ngdy cang chu y nhiéu hon va cu thé
hon cac yéu t6 anh huéng khac nhau. Tuy nhién cic hé thong nay it nhiéu mang tinh chu
quan, thé hién & chi tiéu phan loai ciing nhu thang, nhom khéi da. Khi thAm nhip cac
phuong phap nay ap dung & Viét Nam 13 nudc c6 khi hiu nhiét déi 4m, cac qua trinh
phong hoa xay ra manh anh huéng phirc tap dén dic tinh dia chat cong trinh khéi d4, nén
can phai nghién ctru diéu chinh cac phuong phap nay cho phu hop va tién t6i c6 thé bién
soan thanh quy trinh &p dung rong rai.

I1.2.7. Phuong phap phén loai nhém da — Pwong him xuyén nii cia Nhit Béan
(Japannese standard for mountain tunneling 1996).
1. Kiéu d4
a. Da Bién chat: Phylit, Di¢p thach than, Diép thach than silic, d4 quac zit, di€p thach
xam xanh, go nai, da chiu ltra,...Céc loai da bién chit sdu: Gabro, Peridotit, ...
b. P4 Tram tich: dia ting Paleozdi va Mezozdi (P4 phién, da cat két, Conglomerate,
d4 voi, da cat két,..).
c. Pa Macma
b4 Macma phun trao: thach anh trachit, Andezit, Bazan,...
b4 Macma xam nhé@p nong: Granopocphyrit, Pocphyrit thach anh, Diabaz,...
P4 macma xam nhép sau: Granite, Diorit,...
2.Diéu kién 16i khoan ROD va khoing cich nirt né mé ta twong &ng vi tirng loai da

a, b, cvadl.
d. Quy dinh cho cac da thudc dia ting ky Dé tam va cac san pham 1ii tich (P4 bot két,
da phién sét, da phién silic, da cat két Conglomerat, tuff,...)

Tuy nhién ¢ day cling chia lam 2 loai : d1 va d2 dya trén cuong do khang nén 1 truc cua
d4 200 kG/cm? :

Do bén nén qu cia mau da twoi :  di: qu>200 kG/em?  d2: qu < 200 kG/cm?
e. Tang trén cua dia tang 1d tich (DAt mun, san pham cua dung nham nui lira)
Tang boi tich Aluvi (Bé mat mai dbc, ting phu trén mit).
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TIEU CHUAN PHAN LOAI NHOM DA
o ve ey , Léi khoan Quan sit Pidu ki¢n sau khi dao
. . H¢ so
Loai Loai < I . A
A N nang Diéu kién dia chat s oh ot
nén | da Iyc nd s .. . | RQD e K cach giira . Db hoi
Tr1l+6 we nen Diéu kién 16i (%) Dung biia dap v& cac vét nit Khi niing 0n dinh cia guwong o
° (cm) :
a -Ty 1& thu hdi méiu -Da rét cing va sach. La khéi | -D6 cling cia da=sd Didu kién én dinh cyc t6t, khong bi bé roi
khoang > 90%. 16n véi dién phan bd lién tuc, | Rebounds. trong khoang thoi gian dai
b
A -Mau c¢6 théi dai > 20cm, >80 da hiu nhu khéng nut né. -ba kh6é v& dudi tac >100 =+ 50 Phut
c s
hau nhu 1a cadc manh vyn -Pa khong bi pha hiy vi nude dung manh cua bua, khi
d da v bé mat nhin.
a Ty 1& thu hdi miu -Da cling, it nut né. -ba bi vo khi dap bua -Khi cét bé mit d4 theo phuong thing
b khoang > 70%. Cac thoi -ba kha cing, da bi pha hiy do | manh, thanh cuc twong dung, d4 bi d6 néu khi dao khong c6 cac
B mAu c6 chidu dai khoang | 90+ 60 | phong hoa. d6i nho. Phan v chi tap 70 =30 Kkét chu chéng do. Phut
c
1020 cm, cling co -Da phan chia theo dia ting, tuy | trung theo doc cic khe -Céc vi tri dao bé roi cuc bg,yéu cau phai
d cac thoi dai 5 cm. clg nhung c¢6 su phan 16p, d& | nut va cac bé mat yéu. ¢6 két chu chdng dd.
a Ty 1&¢ thu hdi miu tr -Pa hoi mém do tac dung cua | -Da d& bi dap v =bua. -B& mit guong dao thing dimg.
b 40% + 70%, phé bién phong hoa. Phin da v& c6 kich -Yéu céu st dung bé tong phun tai vom
1 ¢ 13 céc 13i nho cé chiéu -4 twong dbi ctmg, c6 nhitng | thudc twong dbi nho va him dao chua duogc st dung két cau chéng <50
70 =20 <50
di dai < 5 cm. muc d6 vét nirt nho, trong do chira 16p | thuong bi v theo bé mit d& ngay sau khi né min.
>4 B
C a2 nit né cao, dé bi bé sét mong doc cac khe nut -Chiéu cao bi roi ra 2+4m
I a gdy. Kho hodc khong -D4 phan 16p 15, d& bi tich ra -B& mit ddo thing dimg. P roi &
Tac gia: Thac st DCCT Ngo Lé Thuy Page 46



TIEU CHUAN PHAN LOAI NHOM DA
e Léi khoan Quan sit Pidu ki¢n sau khi dao
p kan's) Hé sb )
Loai Loai < A pea 4. A
A N nang Diéu kién dia chat K cach giira
nen da \ . lu’c nén oA oA ~e RQD N , A ~, , A , P X . . Do hoi
Twl+6 : bieu kién 10i o Dung bua dép v cac vet nit Kha néng on dinh ciia gwong P
(%) m) ty
b thé phuc hdi lai hinh tai cac mat phén 16p. ving lan cén, phan vom can chéng d&
¢ dang ban dau cia da. -b4a c6 khe niit hep & thanh bén theo yéu cau.
di D4 bi pha hity nhe do nu
>4 -Da b1 pha huy nh¢ do nuoc.
d2
a Ty 1& thu hoi mau -ba bi phong hoéa manh cho -ba roi d6i khi xay ra do dao mo rong
b kém chi khoang < dén mém va bo, 1 phin bi ) _ ma khong chéng d&. Poi khi xay ra
Da bi dap vun d¢ dang
¢ 4+2 40%. Méu bao gém phé huy thanh d4t,1 phan 16i _ su nén ép badi ap luc bén.
1 a1 =bua va dé bé vun = <60
c4c méanh vun, doi khi cimg. -Can lip dat cac két cdu chéng d&
d2 tay.
¢6 manh 1a sét c¢6 1an -P4a ¢6 nhidu vét nat, d& som.
€ >2
D cac manh da. <20 dang dap vo.
a “Trong cac khe nit c6 vt . . -Pa @6 xay ra va lan rong tir b& mit
-ba bi v& vun khi btia )
b o dao, ap luc nén bén xuat hién do chua
chat sét 1ap nhét,... .
) dap nhe. P A .. ;
I 221 _PAt, sudn tich.... L X c6 két cau chong do tai gwong ham <200
di - Néu dung dau nhon Kt d:
-B& mat da bi mém bo do ﬂ : e
d2 cua bua dé dap thi dau )
, -Pham vi vung bién dang déo va
nudc. . 5 2
€ vt cua blia van dé lai
a -Cac dut gay, vang da nit . -Ap lyc nén xdy ra tai guong him
<1 4y, & trong da. P y guong <400
b
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TIEU CHUAN PHAN LOAI NHOM DA
Toc 0 fruven song Léi khoan Quan sit Pidu ki¢n sau khi dao
(Vp km/s) A K ¢
. . H¢ so
Loai | Loai nin Didu ki¢n dia chét
nén da g A RQD T K cach giira 2 Do hoi
Tr1l+6 lye nén Diéu kién 16i o Dung biia dap v& cac vét nit Khi niing 0n dinh cia guwong tn
( 0) (cm) ¢
[ né va khu vuc c6 d6 dbc 16n dao, chiing gay sip guong néu sy nén
E di dé tao nén cac 16p sét, ép xay raro rét.
42 ching lam tang thém ap luc -Su nén ép xay ra & ving vom va
¢ dét nén.. xung quanh twdong hdm néu khéng co
-P4 tré nén mém bo dudi két céu chdng da.
tac dung cta nudc.
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IL.3. Cac hé théng phan loai da & Viét nam
I1.3.1. Phén logi dd theo phén loai dit nén (TCVN9362:2012)

P4 gdém c6 phun xuét, bién chat va trim tich ¢ lién két cing giita cac hat (dinh két va xi
mang hoa) nam thanh khdi lién tuc hodc khdi nirt né. P4 duge chia ra thanh tung loai
theo bang sau tuy thudc vao:

+ Surc chéng nén tirc tho1 mét truc ¢ trang thai no nudc Ry;

+ H¢ s6 hda mém Ky, (ty so gitra suc chong nén tirc thoi moét truc ¢ trang thai no nudc va
hong kho);

+ P06 phong hoa Kpn (ty sb giita trong luong thé tich ctia mau da bi phong héa véi trong
luong thé tich cia mau chua phong héa cia cung da ay).

Doi voi dé co kha nang hoa tan trong nude (muodi mo, thach cao, da voi ...) phai quy dinh
do hoa tan cua no.

Phan loai da

Loai da Chi s
+ Theo strc chong nén tirc thoi mdt truc R, (MPa)
- Rétbén Ra > 120
- Bén 120 >R, > 50
_ Bdn via 50>R,>15
_ ftbén I5>Ry>5
- Dantra ciing Rn,<5
4+ Theo hé s6 h6a mém trong nuéc K,
- Khéng hoa mém dugc K> 0,75
- Hoéa mém duoc K <0,75

+ Theo d phong héa K

Khong phong héa (nguyén khdi)

Da climg ndm thanh timg khdi lién tuc Ky = 1

- Phong héa yéu (bi nit né) P4 climg nim thanh ting doan khong 1dn nhau
(tung tang): 1>Km>0,9
- Phong hoa D4 ctng nam thanh ting dam chuyén sang da nut

né: 0,9>Kmn>0,8

Phong h6a manh (161 rac)

DPa cing nam trong toan khbi ¢ dang roi:

I1.3.2. Phan logi dd phong héa thanh cip dé - Theo Dearman, Fooks & Franklin

(T85, T86 — Cam nang ding cho ky sw dia ky thudt)
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Céch phan loai d4 hiru dung nhat chinh 1a md ta cac ddc trung dia chat nhu nhiing gi
d3 quan sat dugc ¢ ngoai thuc dia. Viéc mo ta nay cho phép phan chia thanh nhiéu cap do

phong héa lién quan tryuc tiép dén muyc dich xay dung cong trinh.

Miic Nhén biét & hi¢n trudon .
p : ' & Tinh chit xiy dung
Cap | 45 '
dé h; (Theo Fookes & Horswill)
: an X - :
P Vi dat Vi da Theo Little Theo Hobbs
A (1a loai d4 ciing)
bat da goc Khong thuan lgi cho
trude da bi thay L moéng quan trong.
. b4 da bieén mau va thay o )
doi hoan toan X Mai doc khong 6n
i d61 hoan toan tr¢ thanh ) )
cau trac va . . .| dinhkhi thuc vit phi | P4 phong hoa hoan toan va dét
. . . dat, ngay ca cau tric goc A o )
VI bit thanh phan o bi phé huy va dé bi tan tich c6 thé ldy mau chat
cta da ciing bi pha hay ) )
khoang vat va . X061 mon ngoai trir 66 | liyong kha phu thudc vao da gbc
. . | hoan toan, khoi lugng o N j ; T
da hoa nhap voi ST PR g0 ctmg. Can lya va dg sét cua san pham phong
N bién d6i nhiéu. i
diéu kién dat chon khi dung lam hoéa. Nhin chung miu dat ¢6 xu
trén mat hién tai dat lap. huéng it bi xdo dong hon la liy
_ ] 0 trong cung loai da nhung c6 do
Co thé dao badi bang . o i
phong hoa cao. Pic tinh sttc chiu
. . o . tay hodc dap nho s
Dat da bién D4 d4 bién mau, da bién - tai va do lin cua loai da, ¢ giai
. . ) khong can n6 min. . R )
mau va b bién | ddi hoan toan va tro . doan cudi cing nay can dugc xic
) . ) Khéng thich hgp cho . . .
Phong | ddihoantoan | thanh mém yéu. Tuy o _ | dinhtheo phuong phap nhu véi
- . . dap bé tong hoac ket B
\% hoa song van gitr nhién, cau tric cli vé co A . dat.
i ) i cau rong . Co the
iét dé au tich an van gitt . tinh
triét dé d%rqc dau, ic ' barrl van gn’r duoec. tin thich hop cho dap
cau trac dat goc | chat da khoi phu thudc dit va dit dép.
an thi S0 da
nguyen tay vao dame Khoéng thich hop cho
xé mai cao va do
ddc 16n. C6 thé tao
Vi da phong hoa cao kho khan
, D4 d4 bién mau, bét lién co ban 1a viéc 1dy mau nguyén
bat da co ban , . i \ .
) tuc ¢6 thé ho va bé mat bi | Tuwong tuw nhu cap d§ | dang dé thi nghiém. Néu lay
bi phong hoa , i i ,
bién mau. Cau truc khoi V. Khong thuén loi duogc thi ket qua stre khang va
nhung do6i khi N . . %
y da gan bat lién tuc da bi lam cho dap bé tong. | mddun bién dang thuong qua
Phong con rot lai dat o Wy
v , phong hoéa. Phong hoa Hién dién rai rac cac | nho, bién dong 16n. Nén thi
héa cao | goc cii. Con it
hoéa hoc da tham nhap tang to. Khong thich | nghi¢ém ban nén tinh hodc nén
hodc khong con I . 3
, , kha sau nhung van hién hop cho cong trinh ngang Menard xac dinh tinh bén
dau tich cau . oz . .
, dién 161 da. B4 khoi da ¢6 két cau rong 16n. va bién dang. Cau triic da phong
truc dat cii . . 3
meém yéu mdt phan. héa cao c6 khi gia tang tinh phan
rd hodc qua tang tinh déo.
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Dit bao gdm
c4c mang bién
khac mau va

phan biét 16 dat

D4 dang bién mau. Bit
lién tuc ¢6 thé ho va bé

mat bi bién mau manh

Khai dao da kho
khan khi khong sur
dung nd min. Phin
16n bi dap vo dudi xe
ui. Thuén lgi cho st

dung moéng két cau

Pa phong hoa vira thi sttc khang
va md dun & thé nguyén trang,
bién d6i nho di nhiéu so véi da
tuoi. Do véy chi s6 J cao hon so
véi da tuoi, ngoai trir nut né ho

do bi bao mon hoic yéu di do lap

Phong | gbc cii va dét v6i phong hoa héa hoc bé tong nho va dap nhét vat liéu phong hoa. M6 dun
1 . . . .
héa vira | phong hoa. dang tham sau. Da dap da . Co thé thuan | bién dang va sttc khang nguyén
Bién dbi hoa nguyén trang da yéu di loi cho dt ban thdm | trang c6 thé xac dinh trong
hoc dang ngém nhiéu so véi da tuoi. Pa nude. Mire do én phong, strc chiu tai va d¢ lin
sau vao bé mat khéi thi chua yéu di. dinh mai nti xé phu cling dugc xac dinh nhu voi da
bét lién tuc thudc dic diém két tuoi. Nén 3 truc c6 thé thich hop
cAu, dic biét 1a thé hon so v&i nén don . Nén str dung
nam nat né. hé sd an toan cao hon.
Vit liéu bao
gdm cac khoi . R
. ) Khi dao can st dung
dat tuoi c6 goc R
, no min. Thich hgp
canh, n6 c6 the L,
. Pa c6 thé hoi bién mau, cho xay dung méng
bién mau hoac B . . B
) nhat la gan céac bat lién cho dap bé tong. PO | Véi da phong héa rat nhe hodc ¢
con gilt mau. \ \ . ) Lz : s x
Phong , ) tuc c6 the hd va co be tham cao nut né ho. dau vét c6 thé thay gia tri J, dan
II Mot so vat liéu o i , )
héa nhe ) mat hoi bi bién mau. Pa Thuong tham nudce dén lam giam d¢ chat cta nut né
da bi phong hoa . , , ) i i
. nguyén khoi khong yeéu tot hon so voi khu nhu la két qua cua sy tham sau
hoa hoc bat dau . ) ) ) ,
hon nhiéu so véi da twoi. | trén hodc phia dudi. riéng cua phong hda, cho thay do
tham nhép vao A ) i
L Can than khi str dung | sac nhon giam nhe so véi cung
khoi dat duoc . ) o
) . lam cot liéu bé tong. | loai d& nhung & trang thai tuoi.
giao cat boi cac
bat lién tuc. Mo dun ¢ trang thai nguyén dang
khong bi anh hudng do phong
Trang thai tinh cho . )
i i A B ) hoa. Hé s0 an toan cho surc chiu
bat nguyén goc thay nudc ngam dan ) )
) , tai khong bi tdc dong cuia phong
con gilt nguyén, | Pa nguyén goc con gil qua cac nit né. ,
) ; hoéa hodc chi c6 thé tac dong nhe.
khong bien nguyén, khong bien mau, | Nhitng manh riéng ré
I Pa tuoi

mau, khong suy
giam strc khang

do phong hoa.

khong suy giam strc

khang do phong hoa.

bat tung ra khi cho
hoi nd. C6 thé phai
dung chéng cho

duong hdm
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I1.3.3. Phén cdp dit dd theo dp khoan (Phu luc D - TCVN9437:2012)

Cap | Ten dht , Téc a9
dat a4 Loai dat da dai dién khoan
da _ (m/h)

Pat - bat trong trot khong co re cay;
1 Xép - Bun, than bun; 8,5
mém | - Cac loai dat bd roi: cat nhd, dat pha khong co soi san, hoang tho.
- Pat trong trot 1an ré cay hodc 1an mdt it s6i, cudi nho, dudi 3 cm;
Pt - Cat chay khong ap lyc, cat nén chit;
I chat | - DAt cat pha va sét pha chira dudi 20% cudi hogc dam nho, dudi 3 cm; 4,5
vira - bat sét chat vira.
- Dat sét, sét pha va cat pha chira trén 20% cudi hodac dam, nho hon hay bang 3 cm;
- Dat sét cling;
- Cét chay c6 ap luc, hoang thd chat;
pit | - Paséteo nhiéu 16p kep 1a da cat két gin két yéu hodc da sét voi (co chidu day dudi
m | cimg | s ,
, - b4 bot ket, cat ket gan két bang sét hodc voi khong chit; 23
df - Than da mém, than nau;
mem Thach cao tinh thé nho, thach cao bi phong hoa dang dat;
bo - Quing mang gan, quing sét 6 xi hoa bo roi magnesit
- Soi san lan nhimg hat cudi nho cta da tram tich;
- B4 bot két, chira sét. D4 cat két chira sét, da sét voi;
- P4 voi ¢6 16 hdng hoic tuf;
v o - Pa sét; ba sét chira cat. Pa sét chira than.
mém | Than da cting vira; than ndu cting; cao lanh nguyén sinh; thach cao két tinh. 1,5
- Dunit va péridétit, phong hoa manh.
- Magnesit chat xit
- Pat 1an nhiéu dim cudi;
- D4 sét, dat sét nén chit rat chit va chira nhiéu cat.
D4 hoi | - D4 bot két, da cat két gan két bing voi.
v in - Than da cung, angtraxit.
- Céc loai da phién c6 thanh phan sét-mica, mica, clorit, clorit-sét, xérixit. 1,10
- Secpangtinit; Secpangtinit hoa.
- Punit bi phong hoa.
- B4 sét chat sit c6 cac 16p kep d6lomit va xideérit;
- P4 sét silic hoa yéu;
Parin | -Pa bot két; da cat két felspat; da cat két voi;
VI vira - Cudi cua da tram tich; 0,65

- Pa voi sét;

- Cac loai da phién thanh ph?m sét-xérixit; thach anh-mica; da phién mica;
- Porphyrit, gabré clorit hoa va phan phién;

- Punit khéng bi phong ho4; péridétit bi phong hod;

- Quing sit nau co 16 hong 16n.
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dat
da

Tén dat
da

Loai dit da dai dién

Téc dd
khoan
(m/h) |

vl

Paran

- Cudi cuia da magma va da bién chat;

- B4 cudi c6 dudi 50% cudi macma ximang cat sét, da cudi két co cuoi la da tram
tich va xi mang voi;

- PB4 cat két thach anh;

- Dolomit, da voi;

- Da cét két felspat va d4 véi silic hoa;

- Pa phién silic hoa yéu thanh phan dmphibon magnesit, hornblend, clorit
hornblend...

- Porphyrit pophyr phan phién yéu; Porphyrit pophyr phong hoé;

- Granit, xiénit, diorit, gabré va cac da magma khac c6 hat tho, hat vira bi phong
ho4;

- Quing sat nau nhiéu 16 hong.

0,50

VIl

Pa rat

ran

- ba cugi két cia ¢4 magma, xi mang voi;

- B616mit silic hoa, da voi silic hoa;

- Cac loai da phién silic hoa, thanh phﬁn thach anh- clorit, thach anh-xérixit, thach
anh clorit-xérixit;

- Gneis, Hématit - magnesit;

- Bazan phong hoa; Piabaz porphyr;

- Andédit;

- Diorit diabaz bi phong hoa nhe;

- Péridotit, granit, xi€nit, gabr6 hat nhd bi phong hoa va hat vira va thoé bi phong hoa
nhe.

0,30

cung
chac

- P4 cudi két ciia d4 mac ma, ximang silic;

- Pa voi skarn. Ba cat két, da voi, dolomit silic hoa;

- Da phién silic. Quarzit magnesit va hématit giai manh

- ba sung amphipbdn- magnesit va xérixit hoa;

- Tra chit, porhy silic hoa. Piabaz két tinh min;

- Cac da liparit, granit nho, vigranit, granit hat nhd, granit-gnai, diorit, diabaz... bi
phong hoa nhe va hat vira khong bi phong hoa;

- Bazan bi phong hod nhe

0,20

Pa rat
cung
chac

- ba tr6i, da tang ciia ¢4 magma va da bién chat.

- Cat két thach anh rin chéc;

- Quarzit khong déu hat. Thach anh dang mach.

- Liparit, ridlit, granit, granitgneis, granddiorit hat nho; vigranit; permatit chat sit,
Porphyrit thach anh hoa va sing hoa manh;

- Qudng manhétit va mactit chat xit c6 kep cac 16p da cung;

- Quiing sit nau silic hod. Bazan rin chéc.

0,151

XI

ba dac
biét
cung

- ba phien silic;
- Quarzdit - P4 sing chira sit rat cing;
- Thach anh rin chic

0,10

XII

ba cuc
ky cing

- Ngoc bich, da sung, corindon, quarzit hoan toan khong bi phong hoa

0,04

I1.3.4. Phén cdp dd cho cong tic khoan coc nhoi (Pinh mirc1776-2007)
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CAP | NHOM ) ) .
TEN CAC LOAI DA
DAT PAT
- D4 phién sét, phién than, phién Seritxit.
- Cat két, Dunit, Feridolit, Secpantinit... bi phong héa manh téi mic vira. B4 Macno
4 chat, than da c6 do cung trung binh. Tuf, bot két bi phong hoa vira.
- C6 thé bé ndn d4 bang tay thanh tirng manh.
- Tao thanh vét 1dm trén bé mat da sau té1 S mm béng miii nhon cua bua dia chét.
-4 phién sét Clorit, Phylit, Cat két v6i xi ming 1a voi, oxit sit, d4 voi va Dolomit
v
khong thuan.
-Than Antraxxit, Porphiarrit, Secpantinit, Dunit, Keratophia phong hoéa vira, Tuf nii
5
Itra bi Kerixit hoa.
-Mau nén khoan got, bé kho, rach duoc dé dang b?mg dao, tao duogc diém 16m siu
béng 1 nhét bla dia chét dap manh.
-Da phién Clorit thach anh, d4 phién Serixit thach anh. Sét két bi Silic héa yéu.
Anhydrit chat xit 1an vat liéu Tuf.
-Cudi két hop véi xi mang gin két 1a voi. P4 voi va Polomit chat xit. P4 Skano.
6 Dunit phong héa nhe dén twoi.
-M3u d4 c6 thé got hodc cao b?mg dao con. PAu nhon bta dia chét tao duoc vét 16m
tuong do6i sau.
I -Sét két Silic hoa, da phién gia sing, d4 gia sting Clorit. Cac loai da Phocpiarit, Tuf,
Diabazo bi phong hoa nhe.
-Cuodi chira trén 50% thanh phan 14 d4 Macna, xi ming gan két 1a silic va sét.
7 -Cudi két thanh phan 1a da trdm tich voi xi mang gin két 1a Silic Diorit ,Gabro hat

tho.
-Mau nén c6 thé bi rach nhung khoéng thé bi got hoac cao dugc bﬁng dao con. Pau

nhon bua dia chét ¢6 thé tao duoc vét Idm nong.
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- Cat két thach anh, P4 phién Silic. Céc loai da Skano thach anh, Gonat tinh thé 16n.
Pa Granit hat tho.
q -Cuodi két c6 thanh ph?ln da Macna, da Nai, Granit, Pecmatit, Syenit, Gabro,
Tudcmalin thach anh bi phong héa nhe.
-Chi can mdt nhat bua dap manh mau da da bi v&. Dau nhon cua bua dia chéat dap
manh chi lam x4y sat mit ngoai ctia mau ndn.
-Sienit, Granit hat thé nho. Da voi ham lugng Silic cao. Cudi két ¢ thanh phan 1a da
I Macna. P4 bazan.Cac loai d4 Nai-Granit, Nai-Gabro, Pocphia thach anh, Pecmatit,
9 Skano tinh thé nho, cac Tuf silic, Barit chat xit.
-Biia d4p manh mot vai 1an mau ndn méi bi va.
-Pau nhon bua dia chét dap nhiéu 1an tai mot diém tao duoc vét 16m nong trén mat
-ba Skano Granat. Cac da Granit hat nho, da Sranodiorit, Liparit. Pa Skano Silic,
I 10 mach thach anh. Cudi két ndi lira ¢6 thanh phan Macna. Cat két thach anh ran chic,
da sung.
-Da Quic zit, d4 simg ctng chic chira it sit. P4 Anbiophia hat min bi simg hoa. P4
11 ngoc (Ngoc bich...) cac loai quing chira sit.
ba -Bua dap manh 1 nhat chi 1am sirt mau da.
dac )
-ba Quac zit cac loai
biét
12 -ba Céranhdong
-Btia dap manh nhiéu 1an méi lam st duogc mau da

Ghi chii: Khoan tao 16 coc nhéi vao da ddic biét nhém 11, 12 ap dung dinh muec khoan coc nhoi da ccfp 1

nhan voi 1.35 so voi dinh mirc khoan tuwong tng.

I1.3.5. Phén cdp dd diing trong céng tac dao, phd dd (Pinh mirc 1776-2007)

Cép da Cuwong do chiu nén

P4 cap 1 D4 rat cimg c6 cuong do chiu nén >1000 kG/cm?

i cép 2 P4 cting, cudmg d chiu nén >800 kG/em?

i cép 3 D4 cung trung binh, cuong d6 chiu nén >600 kG/cm?

Pi cap 4 D4 twong ddi mém, gion dé dép, cuong do chiu nén < 600 kG/cm?
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PHAN PHU LUC TIENG ANH

Phu luc s6 1 - Guidelines for excavation and support of 10 m span rock tunnels in

accordance with the RMR system After Bieniawski 1989

(Page 11-Rock mass classification - Rocscience).

Rock bolts
Rock mass class Excavation . (20 mm Shotcrete Steel sets
diameter, fully
grouted)
Full face,

I - Very good rock
RMR: 81-100

3 m advance.

Generally no support required except spotbolting.

Full face,

Locally, bolts in
crown 3 m long,

50 mm in crown

II - Good rock -
eoc 1oc 1-1.5 m advance. spaced 2.5 m with . None.
RMR: 61-80 Complete support 20 m occasional wire where required.
from face. mesh
Top heading and bench )
1.5-3 m advance in top Systlematlc b01t34
. heading. miong, space 50-100 mm
III - Fair rock 1.5 - 2 min crown in crown and 30 N
RMR: 41-60 Commence support after and walls with Vi @ one.
each blast. wire mesh in mm in sides.
Complete support 10 m CTOWN.
from face.
Top heading and bench .
1.0-1.5 m advance in to Systematic bolts
IV - Poor rock T headin P 4-5 m long, 100-150 mm Light to medium ribs
RMR: 21-40 & spaced 1-1.5min | incrown and 100 spaced 1.5 m where
T Install support concurrently crown and walls mm in sides. required.
with excavation, 10 m from with wire mesh.
face.
Multiple drifts 0.5-1.5 i .
ultiple drifts m Sygt_e6mnait11§$golts 150200 mm Medium to heavy ribs

V — Very poor rock
RMR: <20

advance in top heading.
Install support concurrently
with excavation. Shotcrete as
soon as possible after
blasting.

spaced 1-1.5 min
crown and walls
with wire mesh.
Bolt invert.

in crown, 150 mm
in sides, and 50
mm on face.

spaced 0.75 m with
steel lagging and
forepoling if required.
Close invert.
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Phu luc s6 2 - Classification of individual parameters used in the Tunnelling Quality
Index Q (Page 15, 16, 17 - Rock mass classification)
Classification of individual parameters used in the Tunnelling Quality Index Q
(After Barton et al 1974).

DESCRIPTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A. Very poor 0-25 1. Where RQD is reported or measured as < 10 (including 0),
B. Poor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good 75 -90 2. RQD intervals of 5, i.e. 100, 95, 90 etc. are sufficiently
E. Excellent 90 -100 accurate.
2. JOINT SET NUMBER Jn
A. Massive, no or few joints 05-1.0
B. One joint set 2
C. One joint set plus random 3
D. Two joint sets 4
E. Two joint sets plus random 6
F. Three joint sets 9 1. For intersections use (3.0 x J;,)
G. Three joint sets plus random 12
H. Four or more joint sets, random, 15 2. For portals use (2.0 x J,)
heavily jointed, 'sugar cube', etc.
J. Crushed rock, earthlike 20
3. JOINT ROUGHNESS NUMBER Jr
a. Rock wall contact
b. Rock wall contact before 10 cm shear
A. Discontinuous joints 4
B. Rough and irregular, undulating 3
C. Smooth undulating 2
D. Slickensided undulating 1.5 1. Add 1.0 if the mean spacing of the relevant joint setis
E. Rough or irregular, planar 1.5 greater than 3 m.
F. Smooth, planar 1.0
G. Slickensided, planar 0.5 2. J,= 0.5 can be used for planar, slickensided joints having
c. No rock wall contact when sheared lineations, provided that the lineations are oriented for
H. Zones containing clay minerals thick 1.0 minimum strength.
enough to prevent rock wall contact (nominal)
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent rock wall contact (nominal)
4. JOINT ALTERATION NUMBER Ja ¢r degrees (approx.)
a. Rock wall contact
A. Tightly healed, hard, non-softening, 0.75 1. Values of g¢r, the residual friction angle,
impermeable filling are intended as an approximate guide
B. Unaltered joint walls, surface staining only 1.0 25 - 35 to the mineralogical properties of the
C. Slightly altered joint walls, non-softening 2.0 25 - 30 alteration products, if present.
mineral coatings, sandy particles, clay-free
disintegrated rock, etc.
D. Silty-, or sandy-clay coatings, small clay- 3.0 20-25
fraction (non-softening)
E. Softening or low-friction clay mineral coatings, 4.0 8-16
i.e. kaolinite, mica. Also chlorite, talc, gypsum
and graphite etc., and small quantities of swelling
clays. (Discontinuous coatings, 1 - 2 mm orless)




Classification of individual parameters used in the Tunnelling Quality Index Q
(After Barton et al 1974).

4, JOINT ALTERATION NUMBER J,

b. Rock wall contact before 10 cm shear
F. Sandy particles, clay-free, disintegrating rock etc. 4.0
G. Strongly over-consolidated, non-softening 6.0
clay mineral fillings (continuous < 5 mm thick)
H. Medium or low over-consolidation, softening 8.0
clay mineral fillings (continuous < 5 mm thick)

J. Swelling clay fillings, i.e. montmorillonite, 8.0-12.0
(continuous < 5 mm thick). Values of J,
depend on percent of swelling clay-size
particles, and access to water.
c. No rock wall contact when sheared
K. Zones or bands of disintegrated orcrushed 6.0
L. rock and clay (see G, H and J for clay 8.0
M. conditions) 8.0-12.0
N. Zones or bands of silty- or sandy-clay, small 5.0
clay fraction, non-softening
. . 10.0-13.0
O. Thick continuous zones or bands of clay
P. &R. (see G.H and J for clay conditions) 6.0-24.0
5. JOINT WATER REDUCTION
A. Dry excavation or minor inflow i.e. < 5 I/mlocally 1.0
B. Medium inflow or pressure, occasional 0.66
outwash of joint fillings
) . . 0.5
C.Large inflow or high pressure in competent rock
with unfilled joints
D. Large inflow or high pressure 0.33
E.Exceptionally high inflow or pressure at blasting, A oAa
decaying with time
F. Exceptionally high inflow or pressure 0.1-0.05

6. STRESS REDUCTION FACTOR

a. Weakness zones intersecting excavation, whichmay

cause loosening of rock mass when tunnel is excavated

A. Multiple occurrences of weakness zones containing clay or chemically
disintegrated rock, very loose surrounding rock any depth)

B. Single weakness zones containing clay, or chemically dis-
tegrated rock (excavation depth < 50 m)

C.Single weakness zones containing clay, or chemically dis-
tegrated rock (excavation depth > 50 m)

D.Multiple shear zones in competent rock (clay free),loose
surrounding rock (any depth)

E. Single shear zone in competent rock (clay free). (depth of
excavation < 50 m)

F. Single shear zone in competent rock (clay free). (depth of
excavation > 50 m)

G. Loose open joints, heavily jointed or 'sugar cube', (anydepth)

¢r degrees (approx.)

25-30
16 -24

12-16

6-12

6-24

approx. water pressure (kgf/cmz)
<1.0
1.0-25
2.5-10.0 1. Factors C to F are crude estimates; increase
Jyy if drainage installed.
2.5-10.0
Can 2. Special problems caused by ice formation
>10
SRF

10.0 1. Reduce these values of SRF by 25 - 50% but
only if the relevant shear zones influencedo

5.0

25

75

5.0
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Classification of individual parameters in the Tunnelling Quality Index
0O (After Barton et al 1974).

DESCRIPTION /ALUE NOTES
6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock stress problems
6/ G{0q 2. For strongly anisotropic virgin stress field
H. Low stress, near surface > 200 >13 25 (if measured): when 5<04/04<10, reduce o,
J. Medium stress 200-10 13-0.66 1.0 to 0.80; and oy to 0.8 When o4/c3 > 10,
K. High stress, very tight structure 10-5 0.66-0.33 05-2 reduce o and oy to 0.60,, and 0.6y, where
(usually favourable to stability, may o = unconfined compressive strength, and
be unfavourable to wall stability) o = tensile strength (point load) and o4 and
L. Mild rockburst (massive rock) 5-25 0.33-0.16 5-10 o5 are the major and minor principal stresses.
M. Heavy rockburst (massive rock) <25 <0.16 10-20 3. Few case records available where depth of
c. Squeezing rock, plastic flow of incompetentrock crown below surface is less than span width.
under influence of high rock pressure Suggest SRF increase from 2.5 to 5 for such
N. Mild squeezing rock pressure 5-10 cases (see H).
0. Heavy squeezing rock pressure 10-20

d. Swelling rock, chemical swelling activity depending on presence of water
P. Mild swelling rock pressure 5-10

R. Heavy swelling rock pressure 10-15

ADDITIONAL NOTES ON THE USE OF THESETABLES

When making estimates of the rock mass Quality (Q), the following guidelines should be followed in addition to the notes listed in the

tables:

1. When borehole core is unavailable, RQD can be estimated from the number of joints per unit volume, in which the number of joints per
metre for each joint set are added. A simple relationship can be used to convert this number to RQD for the case of clay free rock
masses: RQD = 115 - 3.3 J,, (approx.), where J,, = total number of joints per m3 (0 <RQD <100 for 35 > J,, > 4.5).

2. The parameter J,, representing the number of joint sets will often be affected by foliation, schistosity, slaty cleavage or bedding etc. If
strongly developed, these parallel 'joints' should obviously be counted as a complete joint set. However, if there are few 'joints' visible,
or if only occasional breaks in the core are due to these features, then it will be more appropriate to count them as 'random’ joints
when evaluating Jj,.

3. The parameters J,and J, (representing shear strength) should be relevant to the weakest significant joint set or clay filled discontinuity
in the given zone. However, if the joint set or discontinuity with the minimum value of J/J is favourably oriented for stability, then a
second, less favourably oriented joint set or discontinuity may sometimes be more significant, and its higher value of J,/J, should be
used when evaluating Q. The value of J,/J, should in fact relate to the surface most likely to allow failure to initiate.

4. When a rock mass contains clay, the factor SRF appropriate to loosening loads should be evaluated. In such cases the strength of the
intact rock is of little interest. However, when jointing is minimal and clay is completely absent, the strength of the intact rock may
become the weakest link, and the stability will then depend on the ratio rock-stress/rock-strength. A strongly anisotropic stress field
is unfavourable for stability and is roughly accounted for as in note 2 in the table for stress reduction factor evaluation.

5. The compressive and tensile strengths (o, and o) of the intact rock should be evaluated in the saturated condition if this is appropriate
to the present and future in situ conditions. A very conservative estimate of the strength should be made for those rocks that deteriorate
when exposed to moist or saturated conditions.
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Span or height in m

Phu luc s6 3 — The support chart used in the Q1993 system

(Page 19 - Rock mass classification - Rocscience )

ROCK CLASSES
G F E D C B A
Exceptionally Extremely Ve ry . Very Ext. Exc.
R poor poor Poor Fair Good good goiod good

20
o
o
—
" F
=]
/1 p=1
7 7 =
e =
Py =]
|t 5 3
2] AT | g

1

40 m 3 m
I
I

2.4

1.5

0
|
0.001 0.004 0.01 0.04 0.1 0.4 1 4 10 40 100 400 1000

Rock mass quality Q =

RQD Jr Jw
Jn XJa XsRF

REINFORCEMENT CATEGORIES:

1) Unsupported
2) Spot bolting
3) Systematic bolting

4) Systematic balting, (and unreinforced shotcrete, 4 - 10 cm)

5) Fibre reinforced shotcrete and bolting, 5 - 8 cm

6) Fibre reinforced shotcrete and bolting, 9 - 12 cm
7) Fibre reinforced shotcrete and bolting, 12 - 15 cm
8) Fibre reinforced shotcrete, > 15 cm,

reinforced ribs of shotcrete and bolting
9) Cast concrete lining
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Phu luc s6 3’ - The reproduced updated Q-support chart (Barton, 2002a)

(Page 25 - A Thesis Submitted to The Graduated School of Natural and Applied Sciences
of Middle East Technical University by Songul Cosar, September 2004...).

RVR=9InQ#4 (Bierianski, 1989) RRM (1]
Q~e -
~ RVMR50
RVR=15InQ#50 (Barton, 1995) Qe ~ IZI
EI RMR~182 26 233 44 565 647 772 854 979 1062
El RMR~5 Vv 20 V35 50 JII 59| 65 | 74 80 89 95I
I T T T T LA T T T 1
G F E
Exceptionally Bxremely Very
100 Nw] ? j =
{
"
HEAD - rered b ;
s L
E polt SP7 oy [ 13m
= im
E 20 | I
2 9 8 7
= 10 . CCA RRS'B S8
=
m
al g Al % )\
™ di
Al :
A \
2 P !
¥ y \e‘é":"o
/ P | %{'}\
e i“"'i  1m | | I
1 |11y 2 JLL '.'---. L 15
Anns 0907470.91777 00401 B 0.471 4 1Q 740 1(1)74001(711) o
Rockmass quality Q
Unsupported.
Spot bolting (Sb).
Systematic bolting (B).

Systematic bolting with 40-100 mm unreinforced shotcrete.
Fibre reinforced shotcrete (S(fr)), 50-90 mm, and bolting.
Fibre reinforced shotcrete, 90-120 mm, and bolting.

Fibre reinforced shotcrete, 120-150 mm, and bolting.

XA N R DD =

Cast concrete lining (CCA).

Fibre reinforced shotcrete, >150 mm, with reinforced ribs of shotcrete and bolting.
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Phu luc s6 4
(Page 57, 58, 61, 63 - The Geological Strength Index: applications and limitations — V.
Marinos, P. Marinos, E. Hoek).

Fig.1:
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Geological strength index estimates for heteroge- neous rock masses such as Flysch
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Fig.3 Suggested
projection of
information from
observations  in
outcrops to depth.
White  area: a
shifting to the left
or to the left and
upwards is
recom- mended;
the extent of the
shift shown in the
chart is indicative

and should be
based on geo-
logical
judgement.
Shadowed area:

shifting is less or
not applicable as
poor quality is
retained in depth
in brecciated,
mylonitized  or
shear zones

GEOLOGICAL STRENGTH INDEX FOR

JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE

SURFACE CONDITIONS

gh, fresh unweathered surfaces

(<2}
Z GOOoD
@ Rou

gh, slightly weathered, iron stained surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

VERY POOR
Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or fillings

FAIR
POOR

SURFACE QUALITY =—>

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

(m}

o

89

>_ 2

EI bany
>2
DECREA
90

/

N/A N/A

N

N
SR

70

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

LAMINATED/SHEARED - Lack
1 of blockiness due to close spacing

1 of weak schistosity or shear planes

<—— DECREASING INTERLOCKING OF ROCK PIECES

SRR




Fig. 4 In fair to
very poor
categories of
discontinuities, a
shift to the right is
necessary for wet
conditions as the
surfaces of the
discontinuities or
the filling
materials are
usually prone to
deterioration as a
result of change in
the moisture
content. The shift
to the right is
more substantial
in the low quality
range of rock
mass (last lines and
columns)

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GS| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. \Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

STRUCTURE

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Smooth, moderately weathered and altered surfaces
VERY POOR

Rough, slightly weathered, iron stained surfaces

Very rough, fresh unweathered surfaces

VERY GOOD
GOOD

FAIR

POOR

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

DECREASING SURFACE QUALITY ==>

/ INTACT OR MASSIVE - intact
rock specimens or massive in
/ situ rock with few widely spaced

discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

N
N

N
8

N

-~

N

-
o

TR

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

\\\§\§§§{
NN

<7—— DECREASING INTERLOCKING OF ROCK PIECES

- LAMINATED/SHEARED - Lack
1 of blockiness due to close spacing
of weak schistosity or shear planes
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Phu luc s0 5: The NATM's rock mass classes (Ayaydin, 1986).
(Page 33 - A Thesis Submitted to The Graduated School of Natural and Applied Sciences of

Middle East Technical University by Songul Cosar, September 2004...).

CLASS GEOMECHANI WATER
NO NAME CAL EFFECT
BEHAVIOUR
STRONG Dense, Uniaxial compressive strength
I getslightly ;pcer'ctgln' of rock is higher than the None
fragile by iscontinuity tangential stress on the
time traces opening wall
Certain No I: continuously stable
FRAGILE discontinuities due (precautions to rock burst)
i Not significant
II ?r:tg;:rt);y ;gi::;gefodc';ﬁyand No II: continuously stable with 9
time cIayeyjéintfiIIings the support of the bench
Wide and effective| Tangential stress on the
& crushing, excavation wall is higher than
)\ /\ fucturing, mylonite | OF equal to resistance of the Very effectiveon
III | FRiABLE & X zones in al rock. jointfillings
4{ directions, clayey | Open or close load bearing
) 2 \ fillings archis necessary
Crushed, folded | pye to tangential stresses on the . .
thick mylonite excavation wall is higher than the H'ghl?’ifﬁﬁt've
zones, ; : on joint fillings
v bearing capacity of therock, rock
SQUEEZING
Q very well behaves plastically. and _rock mass
squeezed, quality
cohessivesoil Deforming towards opening
VERY Completely No IV : slow and minor rate
a SQUEEZING 22 crushed No V: fast and effective rate Very high,
potential to ! softening
swellin iti
V 9 N dmylorllmczled aknd Horizontal stress and floor heaving
oughedroc are expected.
SQUEEZING
Low cohessive
soil
Low cohessive Load bearing close arch that should
weathered soil beinstalledimmediately after
a excavation is necessary
Special ) ) ) Similar with V and special Vi h
VI |Type Non-cohessive, flowing soil precautionsare necessary ery muc
(Flowing)
X . . . . .
Not: This table were prepared according to Pacher and Rabcewicz.’s studies.
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Tai liéu tham khao
1. Co hoc da cong trinh — John A. Flanklin, Maurice B.Dusseault.
2. Tuyén tip cong trinh khoa hoc — Hdi nghi khoa hoc toan quéc : “Pia chit cong
trinh va méi trueomng” — Nha xuit ban xay dung ngay 17/04/2005:
“Ung dung hiéu qua phuong phap phan loai chit luong khdi da theo RMR va Q trong
cong tac thiét ké gia cb cong trinh ngdm tai Dy an thuy dién Quang tri”.(Ta Minh Duc,
Nguyén Viét Ha, Lé Cong Chinh)
“Xéc dinh chi tiéu co hoc khéi d4 cong trinh thuy dién Binh Dién theo tiéu chuan Nga va
tiéu chuan Hoek Brown”. (Nguyen Song Thanh, Phan Pinh Toai).
3. Tiéu luin ly thuyét co hoc khéi da nguyén khoi va nirt né - Thac si Nguyén Vii
Thirc.
4. Phwong phap thi cong haim méi ciia Ao NATM (New Austrian Tunneling
Method) ciia PGS. TS. Nguyén Quang Phic.
5. Cam nang dung cho ky s dia k§ thuat (Geotechnical Engineer’s Handbook).
6. British Standard BS 5930:1999.
7. Foundation Engineering Handbook — Book Author: Robert Day.
8. Foundation Analysic and Design — Joseph E. Bowles.
9. Hanbook of Geotechnical investigation and Design tables — Burt Look.

10. On Classification Systems by Arild Palmstrom, Norconsult AS, Norway.

[13

Presented at the workshop on “ Reliablity of classification systems” a part of the

international conference GeoEng2000, Melbourne, November 2000.

11. “Classification on Jointed Rock Mass” — A Thesis Submitted in Partial Fulfillment
of The requirements for The degree of Master of Technology in Civil Engineering by
Samaptika Mohanty. Department of Civil Engineering National Institude of Technology
Rourkela — May 2013.

12. Rock mass classification - Rocscience.

13. The Rock mass Index (RMi) Applied in Rock mechanic and Rock engineering —
Arild Palmstrom.

14. Reference: Palmstrom, A., 2009: “Combining the RMR, Q and RMi

Classification Systems”.
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15. The Geological Strength Index: Applications and Limitations — V. Marinos, P.
Marinos, E. Hoek.

16. Hoek-Brown Failure Criterion — 2002 Edition — Rocscience.

E. Hoek, C. Carranza-Torres and B. Corkum.

Proc. NARMAS-TAC Conference, Toronto, 2002.

17. National Conference on Recent Advances in Civil Engineering During 15-16
November, 2013... “Estimation of Rock Mass Parameters using Intact Rock
Parameters”. Pawan K.Sah !, A. Murali Krishna ? ...

18. A Thesis Submitted to The Graduated School of Natural and Applied Sciences of
Middle East Technical University by Songul Cosar, September 2004: “Application of
rock mass classification systems for future support design of the Dim tunnel near

Alanya”.
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