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Tém tat: Bai bao trinh bay phwong phép tinh
toan cac dac trung co hoc cua khéi da san ho tai
nén, méi déc va tuynel theo tiéu chuén Hoek —
Brown badng phdn mém Roclab. Phuong phép nay
méi duoc tiép cén va st dung trén co s&@ mét sé
khéi da & nuwéc ta nén cac két qué so sanh véi cac
phuong phap khéac chwa nhiéu. Két qud cua bai bao
buwéc ddu c6 y nghia thuc tién trong viéc nghién
ctru, kién nghij gia tri tinh toan chi tiéu co hoc cua
khéi d4 san hé phuc vu cho thiét ké va thi cong cong
trinh.

Abstract: The paper presents a method to
determine the mechanical properties of the coral
rock mass at the base foundations, slopes, and
tunnel based on Hoek-Brown Criterion using Roclab
software. This method has been recently used for
some rock mass in Vietnam, there are lacks of
comparisons the results obtained using other
methods. The results presented in this paper have
practical meaning for research, proposing mechanical
properties of coral rock mass for design and
construction.

Dit van dé

Theo két qua khao sat dia chat cong trinh, ciu
trdc nén san hd bao gém 3 16p chinh t& trén xuéng:
cat san hd; canh nhanh san hd va I&p da san hé.
Trong dé, 1&p canh nhanh lam nén chinh cho céac
cong trinh nhé. Tuy nhién, trong twong lai khi qui
mo6 cbng trinh tang Ién thi I&p da san hd sé la Iop
duwoc lwa chon dat méng cla cong trinh. Do vay,
viéc xac dinh cac chi tiéu vé& dd bén clta khédi da san
hé la rat can thiét.

Hién nay, c6 nhiéu phwong phap xac dinh cac
d&c trwng co hoc cla khdi da nén cac cong trinh
ngam, cong trinh thlly cdng nhu: xac dinh theo quy
pham TCVN 4253-2012, xac dinh bang cac thi
nghiém dia co hoc ngoai tr&i, xac dinh theo tiéu
chuén Hoek - Brown,... Viéc thi nghiém hién trudng
trén nén da san hd gan nhw la khéng thé hoac chi
phi rat tén kém. Con chi tiéu co hoc cla khéi da lay
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theo tiéu chudn TCVN 4253-2012 dwa trén cac
thong sb diu vao cta d6 bén nén mau da nén
khéng dai dién dwoc cho khéi da. Khi d6 phuong
phap dwa theo tiéu chudn Hoek — Brown khi nghién
ctu, tinh todn cac dac trung co hoc cla khédi da san
ho cho thay sw kha quan, b&i nhitng wu diém sau:

Tiéu chuan Hoek-Brown Ia tiéu chuan ly thuyét
thwe nghiém chat ché va logic, cac chi tiéu tinh
toan: Modul bién dang, strc khang cét, khang nén
déu duwoc dinh lwgng héa bang cac ham toan hoc.
Phwong phap nay c6 tinh thuc té khi da dwoc ap
dung & mét sb codng trinh thiy dién, cong trinh
ngam vi du nhw: Céng trinh thay lgi, thiy dién Cira
Pat - Thanh Hoa...[2] Tiéu chudn dwoc xay dwng
trén co s& kinh nghiém tlr nhiéu sb liéu thyc té bao
gdm nhiéu loai da khac nhau, duwdng bao dé bén cé
dang phi tuyén phi hop véi thi nghiém & diéu kién
ap lwc hong. Tiéu chudn Hoek-Brown rat phu hop
véi da gion hay trong diéu kién ¢ng suat ddm bao
da c6 pha hoai gion.

1. Tiéu chuan Hoek-Brown
1.1 Khai quét vé tiéu chudn Hoek - Brown

Chuan pha hoai Hoek-Brown (HB) con goi la
chuén bén HB la mét tiéu chuan dwoc 1ap tir kinh
nghiém cho phép xac dinh quan hé twong quan
gitra cac thanh phan (ng suét & trang thai gi¢i han
cla khdi da. Méi quan hé nay cé dang phi tuyén.
Theo HB, dd bén khéi da nit né cé thé xac dinh
duoc tir két hop két qua thi nghiém trong phong veéi
quan sat mé ta va do dac hién trwdng [1], [2].

e Nguyén ly nghién ctu danh gia do bén va tinh
bién dang clia khéi da nirt né:

- Tiéu chuan dwa ra v&i muc dich xac dinh cac
dac trung co hoc cta khdi da nit né & diéu kién
(rng suét twong tw nhw diéu kién lam thi nghiém ba
truc mau da;

- Tiéu chuan pha hiy dwoc dé xuét c6 kha
nang mé& rong ap dung thich hop dbi véi moi khoi
da nit né;

- Tiéu chuadn pha hdy duoc dién gidi bang
phwong trinh toan hoc don gian, cac théng sb cé
don vi do théng dung va hop ly.

61



DIA KY THUAT - TRAC DIA

Pé xac dinh dweng bao dd bén cua khéi da nirt
né, cac tac gid da dua thém cac hé sé vao phuong
trinh dwdng bao d6 bén cla da lién khédi. Cac hé sbé
nay co sy lién hé véi ddc diém cla khdi da, thwong
thdng qua cac do dac, mo ta, nhan dang va phan
loai khéi da. Nhw vay, theo HB, d bén khéi da nut
né c6 thé xac dinh dwoc tr két hop két qua thi
nghiém trong phong v&i quan sat, moé ta va do dac
hién trwong [3].

e Tiéu chuan Hoek-Brown &p dung cho cac khéi
da nirt né:

o} = 0} + 0,1 (my03/ 0 + 5)° )
trong do:

o'y, 6's: ng suét chinh hivu hiéu I&n nhat va nhd
nhét tai thoi diém pha hdy trong thi nghiém nén 3
truc;

oi. cwong d6 khang nén mot truc cla mau da
nguyén ven; xac dinh bang cach cho c's = 0 trong
cong thirc (1) taco: o'y = g, (s)* 2)

my: hé sé Hoek-Brown phu thudc vao ting loai
da (theo hé sb my);

m, = m;exp[(GSI — 100)/(28 — 14D)] (3)
Voi:

- m;: hé sb vat lieu phu thudc tirng loai da; xac
dinh t» dudng cong thi nghiém 3 truc miu da

- v&i GSI > 25 thi: s = exp[(GSI — 100)/(9 — 3D)]

-v@i GSlI<25thi:s=0

- v&i GSI = 100 thi: s = 1 (khi khdi d& nguyén
trang)

a=1/2+1/6(eC51/15 — ¢=20/3) )
ng suét phap va cét lien hé véi cac (rng suét
chinh b&i cac cong thirc cia Balmer:

En(GPa) = (l —g) /%. 10UGSI=10)/40) (5j g ci <= 100)
E,(GPa) = (l - g) .10((651-10)/40) (g ci > 100)

1.2 Quan hé gida tiéu chudn Mohr-Coulomb
(MC) va Hoek - Brown (HB)

Thyc té thiét ké xay dwng cong trinh van st
dung tiéu chuan pha hoai MC cho tinh toan (c va @
gan giii hon cac théng s m,, s hay a theo chuan
HB); ngoai ra, khéng xac dinh dworc truc tiép ¢ va @
cho khéi da. Do vay, nén can phai xac dinh ¢ va ¢
twong dwong cho khédi da tlr quan hé cta HB. Diéu
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nguyén khdi hodc theo bang kinh nghiém Hoek-
Brown;

- GSI (Geological Strengh Index): chi sb d6 bén
dia chét, str dung cho viéc danh gia d bén cla khdi
da cho cac diéu kién dia chat khac nhau, chd yéu 1a
merc do nirt né va déc diém bé mat khe noet.

+ v&i RMR7> 18: GSI = RMR

+V&i RMRge>23:  GSI = RMRgo-5 ()

+ v&i RMRg < 23 (da c6 chéat lwong kém): GSI
c6 thé tra bang cla Hoek-Brown ho&c xac dinh qua
hé sb Q' clia Barton:

GSI = 9logQ'+44 Vvé&i Q' = R]LD xj—f (5)

(Céc trj sé J,, Jn, Ja tra bdng phéan loai cla
Barton dé xuét ndm 1974).

+ RMR7 va RMRg |a gia tri phan loai khéi da
theo Bieniaswki dé& xuat ndm 1976 va 1989 (Rock
Mass Rating) phu thudc cac théng sé: o, chi sb
RQD, buwé&c khe nit, dac tinh khe nuit.

- D: hé sb x&o dong hay hé sb tac dong clia bién
phap thi céng (nd min hodc dao) dbi v&i mirc do
nguyén ven cla khéi da (hé sb nguyén khéi). D
chay tlr 0 (khdi d& nguyén ven) dén 1 (khdi da bi
xao déng manh).

s va a: hdng sé Hoek-Brown phu thudc vao déc
tinh cta khéi da.

(6)
, _ o1+ds | o1—0% doi/doi-1
n 2 2 'do{/do§+1 (8)
, , do{/doé
= (O-l - 0-3)' do{/do§+1 (9)
Trong do:
dO'{/dO':; =1+ amb(mbo-élo-ci + S)a—l (10)
Modul bién dang cta khéi da:
(11)
(12)

nay dwoc thwc hién bang cach khdp dwdng bao
tuyén tinh ctia MC véi dwong cong cta HB tir
phwong trinh (1) trong khoang gia tri (’ng suét chinh
nhd nhat o; @&n 63=6'3max, Nhw hinh minh hoa 1 [4].
Qué trinh khé'p bao gdm viéc lam can bang cac dién
tich phia trén va phia dwéi db thi MC duwoc gi¢i han
b&i duwdng bao HB. Két qua cla viéc xac dinh nay
sé khac nhau tuy thudc vao viéc chon gia tri 6'smax.
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Viéc lam nay cho ta cac cong thirc sau day vé goc

6amp(s+mposy)¥ 1

ma sét ¢’ va lwc dinh ¢’:

¢’ :sin‘l[

' oci[(1+2a)s+(1-a)ympoin](s+mpogn)*~!

2(1+a)(2+a)+6amp(s+my ogn)“‘l]

(13)

cC =

(1+a)(2+a)J1+(6amb(s+mb oén)a_l)/((1+a)(2+a))

40

Ung sudt chinh lén nhat o'

30

' a
5 ! o3
o) =03+ 0| mp——+s

‘ ci
20 ' . '

2¢ cos 1+ sin .
_2c'cosg’  lesing

o s ,
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T 3max
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Ung sudt chinh nhé nhdt o3’

Hinh 1. Quan hé gida c&c tng suét chinh I6m nhét va nhé
nhét cho céac tiéu chudn Hoek - Brown va Mohr - Coulomb
twong duong

2. Nghién ctru xac dinh dac trweng co hoc
cua khéi da san hé bang phan mém Roclab

2.1 Thdng sé dau vao cda phan mém Roclab

Phwong trinh (1) s& c6 ba tham sé can phai xac
dinh @é tim ra 161 giai. Trong viéc tim |&i gidi danh
gia cwong dd cha khdi da nivt né Hoek-Brown nhan
thdy c6 thé xac dinh cac thong s my, a, va S bang
cach do dac va quan sat cac khéi da, cac théong sb
nady c6 y nghia twong tw cac tham sbé duoc
Bieniawski va Barton dé cap trong cac phan loai
khédi da clia ho. Do d6 Hoek va Brown da kién nghi
dung cac gia tri diém sé phan loai chét lugng khoi
da RMR cua Bieniawski va Q clia Barton dé xac lap
c&c gia tri my, a, va S [2]. Phan mém Roclab duoc
xay dung trén co s& tiéu chuan Hoek-Brown la mot
trong nhitng phadn mém xac dinh chi tiéu co hoc cha
khéi da phd bién nhat st dung hé théng phan loai
theo Q va RMR.

- Phdn mém Roclab chra dwng toan bod céac
biéu thire, cho phép tinh toan céac gia tri chi tiéu co
ly cia khéi da. Thong sb6 dau vao cho phan mém
Roclab nhw sau:
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(14)

- Céc gia tri my, a, va S danh gia bang céac
phwong trinh thuwe nghiém (3), (6) va (7);

- Cwong d6 khang nén mét truc clia mau da
nguyén ven o va hang sé vat liéu da m; dugc xac
dinh bang céc thi nghiém trong phong;

- 6. Cworng d6 khang nén mét truc cla mau da
& trang thai bdo hoa, (MPa);

- GSI: Chi sb d6 bén dia chat cta khdi da, xac
dinh theo cbng thirc:

GSI=RMR -5

- m; - Hé sb Hoek-Brown dic trwng cho tirng loai
da, da cang clrng va hat cang thé thi gia tri m; cang
cao. Hang sé m; dwoc xac dinh bang thi nghiém nén
3 truc hodc tra bang; Do khong cé cac thi nghiém ba
truc déi v&i mau da, vi vay gia tri hang sb vat liéu da
m; dwoc tra bang.

- D: Hé sb tac dong cla bién phap thi céng déi
v&i mirc dd nguyén ven cla khéi da;

- Tinh toan cho nén da chon muc Application -
Custom - (nhap gia tri *ng suat ngang cwc dai camax
(Mpa)):

O-3max = yH
vc: Dung trong kho cha khéi da - Unit weight (Mpa).

- Tinh toan cho tuynel chon muc: Application -
Tunnels - Nhap gia tri dung trong khd cta khéi da -
Unit weight (Mpa) va chiéu sau cda tuyén tuynel -
Tuynel depth (m);

- Tinh toan cho méi déc chon muc: Application -
Slopes - Nhap gia tri dung trong khé cutia khéi da -
Unit weight (Mpa) va chiéu cao ctia méai déc - Slope
Height (m).

2.2 Thdng sé dau ra cda phan mém Roclab

Phan mém Roclab sé tinh toan va cung cap cac
két qua sau:

- Gia ti hé sé Hoek-Brown (Hoek-Brown
criterion): my, S va a;

- Chi tiéu khang cét ctia khéi da: (Mohr-Coulomb
fit) bao gébm:

+ Gia trj lwc dinh két C (Cohesion, Mpa);
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+ Gia tri goc ma sat trong (Friction angle, deg).
- Chi tieu co hoc cia khéi da (Rock mass
parameters) bao gébm:

+ Gia tri cwdng d6 khang cat o, (Tensile
strength, Mpa);

+ Gia tri cwong d6 khang nén mét truc cuda tru
da o¢ (Unixial compressive Strength, Mpa);

+ Gia tri cwong dd khang nén cta khéi da o,
(Global Strength, Mpa);

+ Modul tdéng bién
deformation, Mpa).

dang (Modulus of

- Céac d6 thi khang nén va khang cét: cho phép
hién thj (va khong hién thi) dwéng quan hé theo tiéu
chudn cta Mohr - Colomb, cac gia tri 1, o3, o, C,

Hinh 2. Cuong dé khéi da voi san hé phong héa vira cho

nén cong trinh ddo Truong Sa lén

T—_
DEURASMED W ARRAAVEDBNE /2%

T Ay ot ok gt swng oL

Hinh 4. Cuong d6 khéi da véi san hé phong héa vira cho
nén cong trinh ddo B4 Tay
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2.3 Ung dung phdan mém Roclab tinh toén cédc
déc trrng co hoc khéi dd san ho

San hé phét trién trong méi trwong bién, chiu tac
dong clia blre xa nhiét, nang lwong gié Ién. Do vay,
khéi da san hoé dwoc hinh thanh & dwéi sau, trong
diéu kién ngap nwdc, chiu cac tac nhan phong héa
nhw nhiét do, nwéc bién, khong khi, gi6. Cac tac
nhan trén lam cho phong héa héa hoc va vat ly phat
trién, cac qua trinh oxy héa, thily phan lam cho cac
tram tich san hé bj bién d6i v& mau sic, hinh dang,
kich thwéc va thanh phan.

Dudi day, ng dung phan mém Roclab tinh toan
cac d&c treng co hoc khéi da san hd twong tng véi
diéu kién hinh thanh cla ching, két qua dwoc thé
hién tlr hinh 2 dén hinh 5 va bang 1 dén bang 2.

Veu A Wedon M

¢
RORX D I% RQARAAVODELE K2

L Ay of Rock Sremth s ks

Hinh 3. Cuong d6 khéi d4 véi san hé phong héa vira cho
mai déc cong trinh ddo Truwong Salon

(i R Bt 0.0 i

ks e st ver awvm Wosou Hep £x

L&Whe XN i QRAQRIY @@ K

Terchon
st

Hinh 5. Cwong do Ighéi da véi san hé phong héa vira cho
mai déc cong trinh ddo D& Tay
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Bang 1. Tinh toan gia trj tinh toan ch/ tiéu co Iy cda khéi da

Pbavéisan hé | Davéisan hd
Trwong Sa lén bao ba Tay
T Céc théng sé Bon vi L@Eé7a-\?£§ng L@Ega-\ff:’]gng
Giatri CDO Giatri CDO
diém diém
A |Xac dinh RMRg clia khéi da (theo Bieniawski 1989)
1 (()Z.Lovggg?iﬂc}pkahéng nén mau da & trang thai bdo hoa 1KG/cm?®= Mpa 10 > 8 >
2 |GiatriRQD % 60 13 40 8
3 |Bwérc cla khe nit m 0.05 5 0.03 5
4 |Pac diém cta mat khe net
A = R4t nham, kin, khéng phong hoa c 20 c 20
B = Hoi nham, khe nit rdng <1mm, phong hoa nhe
C = Hoi nham, khe n&t réng <1lmm, phong hoa manh
D = Phang nhan, c6 I&p nhét, khe n&t rong tlr 1 - 5mm
E = Khe ntt tao rdnh mém réng >5mm, lién tuc
5 |Nwéc ngdm
Lwong nwéc chady trén 10m dwong hdm, qio = I/ph
Ap lwc nwéc khe nit /irng suét chinh I&n nhat
Diéu kién cta nwéc trong khe nivt
A=Kho c 7 c 7
B=Am
C=Uo¢t
D = Chay giot
E = Chay dong
Coéng A = RMRggy 47 42

Bang 2. Tinh toan gia trj tinh toan chyi tiéu co Iy cia khéi da (tiép)

Pa voi san hd

Pa voi san hd

Trwong Sa lén bao ba Tay
TT Cac théng s6 Ponvj| Lop 7-phong | Lép 7-phong
) héa vira hoéa vira
... | Cho - Cho
Giatri didm Giatri didm
B |Tinh todn theo RocLab
Cudng dé khang nén mau da & trang thai bio hoa 1KG/cm2 =
1 10.00807Mpa Mpa | 10 8
2 |Giatri GSI=RMR89-5 42 37
3 |Gi& trimi (Phu thudc loai da): Ba voi 9 ba voi 9 ba voi
4 |Tinh toan cho nén
Yéu t6 pha huy D 0.3 0.3
Ung suét ngang cyc dai 0'amax = YH (Iay H=10) Mpa | 0.251 0.251
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5 [Tinh toan cho mai déc

Yéu t6 pha huy D 0.5 0.5
Chiéu cao mai déc trung binh m 10 10
Dung trong 1T/m? = 9.807KN/m® = 0.09807MN/m? MN/m*| 0.021 0.021

C |Két qua tinh toan

Tinh toan cho nén

Lwc dinh MPa 0.087 0.267
Go6c ma sat doé 42.91 22.73
Cuwong d6 khdng nén mét truc cuda tru da MPa 0.26 0.147
Cudng d6 khang nén cla khbi da MPa 1.145 0.803
Moduyn bién dang Mpa | 410.67 236.54

2 |Tinh toan cho mai déc

Lwc dinh MPa 0.062 0.048

Go6c ma sat doé 43.13 39.37

Cuwong d6 khdng nén mét truc cua tru da MPa 0.194 0.107

Cudng d6 khang nén cla khbi da MPa 0.967 0.668

Moduyn bién dang Mpa | 305.27 179.51
3. Kién nghij

Tl két qua xac dinh cac d&c trung co hoc clha khédi da bang nhiéu phwong phap khac nhau da trinh bay
& trén cho phép ching ta kién nghi gia tri tinh toan cac déc trung co hoc clia khdi da san hd nhw sau:

Bang 3. Kién nghj gia trj tinh toan chi tiéu co hoc cda khéi da

Don vi Pa voi san hé Pa voi san ho
3 * | Trweng Sa lén baTay
TT Céac théng so6
Lép 7 -phong | Lép 7 - phong
hoa vira héa vira
1 [Tinh toan cho nén
Lwc dinh kGlcm® 0.9 3.0
Go6c ma sat doé 43.0 23.0
Cuwong 6 khang nén kG/cm? 11.50 8.00
Moduyn bién dang kG/cm? 4100 2400
2 |Tinh toan cho mai déc
Lwc dinh kG/cm? 0.6 0.5
Go6c ma sat doé 43.0 39.0
Cuwéng dd khang nén kG/cm? 9.70 6.70
Moduyn bién dang kG/cm? 3100 1800

Khdi da c6 cac mat cau tric rat khac nhau.  thdng tin phuc vy xac dinh chinh xac cac dac
ng suét ty nhién cha khdi da chiu tac ddng  trwng co hoc cha khéi da can chu y dén cac van
clGia qua trinh phong héa. Do d6 dé cé dwoc cac  dé sau:
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- Khi nghién ctu céc dac trwng co hoc cla khdi
da can nghién clru day dd cac yéu td dac trwng cha
khéi da nhw: dac diém phong héa, nwéc trong khdi
da va ng suét ty nhién;

- Khi nghién ctru dé& phan loai chét luong khéi
da, viéc phan loai chat lwong khéi da trong truwéng
hop khéng cé codng trinh tham do thi quan trong
nhét 1a phai xac dinh RQD clia da;

- Phdn mém RoclLab dwoc xac lap trén co s&
két hop nghién ciru nhiéu khéi da cha cac nuéc
trén thé giéi, nhung bwéc dau méi dwoc tiép can va
st dung trén co s& mot sb khdi da & nuwéc ta. O
nwéc ta thi nghiém 3 truc dbi véi mau da con han
ché, nén viéc xac dinh hé s Hoek-Brown m; van
phai tra bang. Can c6 thi nghiém 3 truc mau da dé
c6 gia tri m; xac thyc hon;

- Phdn mém Roclab méi dwoc ng dung vao
nwéc ta, nén cac két qua so sanh véi cac phwong
phap khac chwa nhiéu, vi vay, can phai nghién ctru
ap phan mém nay trong nhiéu céng trinh xay dwng
trén cac khdi da khac nhau & nwéc ta dé lién tuc
cap nhat céc thong tin va hoan thién phwong phap,

Tap chi KHCN Xay dung - s6 1,2/2018

phu hop véi diéu kién khdi da & Viet Nam. Twr d6 c6
thé 4p dung rong rai phwong phéap nay trong thiét ké
khdi da lam nén méng céng trinh khac nhau.
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