BAI BAO KHOA HOC

NGHIEN CUU XAC PINH TUONG QUAN PAC TiNH KHOI DA,
AP DUNG CHO HE TANG A VUONG - TINH THUA THIEN HUE

Lé Thi Minh Giang' Pham Quang Td' Trinh Minh Thy'

Tém tit: Twong quan giita cdc ddc tinh khéi da da va dang dwoc nhiéu tdc gid trén thé giGi nghién ciru,
trong d6 da phan ching dwoc xdy dung bang phirong phdp thong ké dwa trén cdc sé liéu hién truong
ciia khéi da. Bai bdo ndy trinh bay phwong phdp phdn tich hoi quy va danh gid twong quan dé kiém
nghiém va xdc dinh cac twong quan dic tinh khéi dd cia hé tang A Vieong tai ham thity dién A Ludi,
tinh Thira Thién Hué. Tir cdc twong quan xdy dung dwoc, tdc gia kién nghi cdc cong thire kinh nghiém
phit hop véi thuec té tai hién truong.

Tir khoa: co hoc da, chi sb khdi d4 (RMR), chi s chit luong khdi da (Q), cudong do khdi da (oem) va

modun bién dang khdi d4 (E.,), phéan tich hdi quy, kiém dinh phuong trinh hdi quy.

1. PAT VAN PE

ba la moét vat li€u tuy nhién va khac hoan toan
véi cac vat li€u cong trinh khac vi c6 chura gian
doan (nhu khe nit, dut gdy...), nam giita cac gian
doan 1a cac d4 nguyén ven. TO hop cac gian doan
va da nguyén ven trén cd mdt vung da co thé tich
16n dugce goi da nguyén trang hay khéi da. Pa
nguyén ven thuong co dic trung dang hudng,
déng nhat, va dugc dai dién qua modun dan hdi E,
cuong dé khang nén mét truc o. Khéi da thuong
c6 dic trung khong dong nhat, khong dang hudng,
va duoc dai dién qua modun bién dang E,,, cuong
d6 khéi da o.m, cac chi tiéu phéan loai chat lwong
khdi da (chang han nhu Q, RMR). Céc thong s6 E,
G¢, Em V@ O¢y 18 cac ddc trung co hoc cong trinh
quan trong trong viéc giai quyét cac bai toan lién
quan dén 6n dinh cong trinh ngam di trong da.
Trong d6, théng sb E, o, thuong duge xac dinh
béng thi nghiém nén doc truc ctia mau d4 hinh tru
ldy tir ndn khoan hién trudng; thong sb E,, duoc
xac dinh béng thi nghiém hién truong.

Véi cac cong trinh quy mo 16n nhu ham, dap...,
thuc hién cac thi nghi¢m dé x4c dinh céc chi tiéu co
hoc cua khéi da s& réat ton kém, mét nhiéu thoi gian.
Do @06, viéc xay dung tuong quan cac diac tinh cua
khéi da dugc nhiéu tac gia trén thé gidi nghién ctru
nhu tuong quan giita cac chi tiéu phan loai khéi da,
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tuong quan E;, va o,y vOi cac chi tiéu phan loai
khéi da hodc véi cac dic trung khe nit trong da,
turong quan giita thanh phan khang cit cua khdi da
(luc dinh ¢, goc mét sat @) v6i cac thong sd cua
khéi da,... Mot sb twong quan duoc xay dung dua
trén phuong phap 1y thuyét thong ké (Bieniawski,
1976, 1978; Cameron et al.,, 1981; Hoek et al.,
2006; Serafim, 1983); hodac dugc xdy dung tu didu
kién gidi han veé cuong do (Hoek et al., 2002;
Kalamaras et al., 1993; Ramamurthy, 2004), ing
xtr cua khdi da (Barton, 2002; Singh et al., 1997);
hodc thay thé cac chi sb, hé sb c6 tinh twong ddng (
Hoek et al., 2013; Russo, 2009) va sau d6 dung
phuong phap thng ké danh gia sy phi hop.

Cac cong thuc twong quan dugc xay dung dua
trén s liéu thi nghiém hién trudng, coi cac gia tri
dac trung ciia khdi d4 1a cac bién ngdu nhién va sir
dung phwong phap thng ké dé kiém tra su tuong
quan gitia cac bién véi nhau. Trong nghién clru nay,
tac gia trinh bay phuong phap phén tich hdi quy dé
xdy dung twong quan giita céc bién, cac chi tiéu dé
danh gia sy tuong quan giita cac bién trong phuong
trinh hoi quy. T d6, 4p dung vao xac dinh cac
twong quan dic tinh khéi da trong hé tang A Vuong
tai hAm thuy dién A Ludi, Tinh Thira Thién Hué.

2. PHUONG PHAP PHAN TiCH HOI QUY
VA DANH GIA TUONG QUAN

2.1. Phwong trinh hoi quy

Phuong phap phén tich hdi quy 12 phuong phap
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théng ké xac dinh va dinh luong duoc mbi quan
hé qua lai gitta cac bién. Phuong phap niy duogc
sit dung trong nhiéu linh vuc nhu y té, ning
lwong, kinh té ..., cho phép xac dinh dugc phuong
trinh gilta cac bién dya trén cac sb liéu khao sat
thyc t& vai mdi lién hé phu hop nhéat. Mot sé dang
lién hé c6 thé cé: quan hé tuyén tinh, quan hé phi
tuyén (nhu ham s6 mil, ham logarit, ham Iliy thura,
quan h¢ ham da thuec,...) (Ang & Tang, 2007).

Gia sir v6i hai bién ngau nhién X va Y, phuong
trinh hdi quy tuyén tinh c6 dang nhu sau:

Y=aX+b (1)

trong d6: a va b 1a hé sd ciia phuong trinh,
dugc xac dinh bang phuong phap binh phuong
nho nhét theo cong thirc:

I (x—=)(r—F) - _
a= ;b=Y — aX;
I (%-%)°

V6i Xva ¥ 1a gid tri trung binh coa bién X va Y.
V6i hai bién ngu nhién X va Y, phuong trinh

hdi quy phi tuyén viét dudi dang sau:

Y=ag(X)+b ()

véi g(X) la ham phi tuyén xac dinh trudc cua
bién X. Ham phi tuyén c6 thé dugc biéu dién ham
tuyén tinh voi X° = g(X):

Y =aX' +b 3)

Hé sb a va b duoc xac dinh tuong ty nhu
phuong trinh hdi quy tuyén tinh.

2.2. Kiém dinh phwong trinh hdi quy

Kiém dinh phuong trinh hdi quy nhim do
luong kich thudce sai biét gilta gia tri thuc va gia
tri tién luong cua bién Y trong phuong trinh hoi
quy. C6 5 nhom tiéu chi dé kiém dinh phuong
trinh hoi quy.

Nhém 1: dua vao gia tri sai so tuyét d6i giira
gia tri thuc va gia tri tién lugng theo phuong trinh
hdi quy.

Nhém 2: dwa vao gia tri binh phwong sai sb
gifra gid tri thuc va gia tri tién lugng theo phuong
trinh hoi quy.

Nhém 3: dua vao khao sat sai biét trong d6i
ctia mo hinh.

Nhém 4: dua vao hé sé xac dinh dé xac dinh
phan phuong sai ctia gi4 tri tién lugng trong mau.

Vi cac nhom tir 1— 4, cac gia tri sai s giira gia

tri thuc va gia tri tién luong theo phuong trinh hoi
quy cang nho thi phuong trinh hdi quy cang phu
hop véi cac bién dang xét. Trong 4 nhém trén, hién
nay phé bién nhit 1a xac dinh sai sb theo trung binh
phan tram sai s6 tuyét ddi - MAPE va khai cin
trung binh binh phwong sai s6 - RMSE. Céch xéc
dinh MAPE va RMSE theo cong thire sau:

l¥i-ril
MAPE = % 4)
RMSE — |23 (5)
N m

trong do f; 1a gia tri thuc cta biénY, yi 1a gia tri
tién luong cua bién Y theo phuong trinh hdi quy

Nhém 5: dua vao hé sb twong quan dé dénh gia
d6 chat ché coa mbi lién hé hdi quy tuyén tinh
giita hai bién X va Y hodc gitra gia tri thuc (f)) va
gia tri tién luong (y;) cua bién Y. Hé sd twong
quan thuong dugc xac dinh theo Pearson:

R = — Lz X T)
x.'IE " (x,-%) T (v,-7)

|R| cang gan 1 thi mdi lién hé gilra cac bien

(6)

cang chat ché.

3. XAC PINH TUONG QUAN DPAC TINH
KHOI PA TRONG HE TANG A VUONG TAI
HAM THUY DPIEN A LUOI

3.1. Gi6i thi¢u chung vé hé ting A Vwong

P4 trong hé ting A Vuong 1a d4a bién chat.
Thanh phan thach hoc chu yéu 1a sét két, cat két
dang Quartzite, phién sét, phién sericite, phién
sericite - thach anh, da phién thach anh mica, da
phién thach anh - penfat mau xam tro, x4m nau
xen kep céc tap 16p quaczit biotit mau xam tro,
xam sang, phan 16p day 0.3-0.4m dén 0.7-1.0m.
Ranh gi¢i dudi ctia cac thanh tao phy hé ting giita
bi cac thanh tao granodiorit cua phic hé Qué Son
xuyén cit, bién chét nhiét. Hoat dong kién tao, pha
hury dirt gy trong hé tang A Vuong kha phtic tap
gdm dut giy sau bac II Rao Quan - A Ludi, dit
gdy bac Il Phi Thuén véi bé rong doi pha huy ca
nat va vo vun rong 10-20m; dat gy bac IV c6 bé
rong pha hiy ca nat 0.5-2m, chiéu rong déi da anh
hudng bién d6i, phién hoéa, nirt né manh 3-10m,;
cac hé théng khe nirt gdm nhiéu hé thdng khe nirt
khac nhau tir khe nit bac V dén khe nit bac IX,
cac khe nut thuong gd ghé, bé mit nham, chat

78 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 71 (12/2020)



nhét cia cac khe nut 16n 1a sét, 1an san va milonit,
cac khe nit nho 1ip ddy canxit va clorit, thach
anh, mot sb khe nit ho. Piéu kién nudc ngﬁm tai
cac khe nit chi yéu 13 kho, d6i chd xuét hién
dong chay 16n. Véi dic diém dia chat phuc tap
cia hé ting A Vuong, viéc danh gia chat luong
khéi da va cac dic trung co hoc cua khéi da dé
phuc vu cho cong tac danh gia 6n dinh cong trinh
ngam di qua hé ting AVuong 1a can thiét.

3.2. Twong quan giira chi tiéu phan loai chit
lwong khoi da RMR va Q cho khéi da trong hé
ting A Vuwong tai hAm thiy dién A Luéi

Chi tiéu phén loai chit luong khdi da RMR va
Q 1a hai chi tiéu phd bién nhat hién nay trong linh
vuc co hoc da. Ngoai viéc dung dé danh gia chat
luong khéi d4, RMR va Q con duge dung dé lya
chon phuong phap gia c¢6 ham trong giai doan thi
cong. Cong thure tuong quan gitta RMR va Q duoc
nhiéu tac gia xdy dung voi muc dich dé dang
chuyén dbi gita hai chi tiéu va so sanh lya chon
cac bién phép gia cb. Q duoc xac dinh boi 6 thong
sb lién quan dén cAu truc cua da, dic trung khe

nit va didu kién nude ngdm, ung suit trong da
(Barton et al.,, 1974). RMR dugc xac dinh tur 6
théng sb lién quan dén cuong do nén doc tryc cua
da nguyén mau, chi sé nit né cua d4, anh hudng
ctia khe nirt va nuc ngam (Bieniawski, 1989).

Dic diém dia chét tai khu vuc him ngang trong
hé ting A Vuong tai ham thay dién A Ludi co doi
IB la sét két, cat két dang quartzit bi phién héa
manh; doi ITA 1a cat két dang quartzit phan 16p day;
d6i 1IB 1a cat két dang quartzit phan 16p day bi phién
nhe; doi d4 ving pha hay kién tao 1a cat két dang
quartzit bi pha huy kién tao, dd mém yéu, niit né v&
vun rat manh. Khe ntt khu vue him ngang dang g6
ghé, chét lép nhét co sét, oxit sit hodc canxit, clorit.
(PECC]1, 2007¢). Tir sb liéu do v& khe nut va bao
céo dia chét cho céc tru thi nghiém tai hién trudng
(PECC]1, 2007¢), két qua tinh toan chi s6 Q va RMR
cho cua khdi d4 trong ham ngang ciia hé tang A
Vuong dugc thé hién trong Bang 1.

Cuong d0 khang nén don truc ctua da tai cac
dsi IB, 1IA va IIB trong ham ngang lan luot 1a
53.3MPa, 88MPa, 89.6MPa. (PECC1, 2007c¢)

Biang 1. Chi s6 RMR va Q trong hAm ngang - hé ting A Vwong

Stt | Béi Q RMR Stt badi Q RMR
1 3.47 53.0 23 0.55 42.0
2 3.52 53.0 24 Pha hity 0.60 42.0
3 4.83 53.0 25 £ 0.60 36.0
kién tao

4 2.64 50.0 26 0.72 42.0
5 8.85 52.0 27 0.66 38.0
6 B 5.23 45.0 28 15.90 59.0
7 7.03 58.0 29 17.91 55.0
8 4.38 53.0 30 14.86 63.0
9 5.05 53.0 31 10.36 57.0
10 3.46 51.0 32 10.43 57.0
11 5.77 51.0 33 10.71 61.0
12 3.28 48.0 34 12.11 59.0
13 9.36 61.0 35 1IB 11.32 59.0
14 11.89 59.0 36 21.84 67.0
15 8.32 59.0 37 19.04 62.0
16 478 56.0 38 12.57 66.0
17 A 7.63 53.0 39 12.16 57.0
18 7.05 55.0 40 22.00 61.0
19 11.71 62.0 41 11.09 55.0
20 8.15 62.0 42 30.67 72.0
21 7.68 58.0

22 8.05 53.0

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 71 (12/2020) 79



RMR
100 +

80

40 @

20

0 L

0.00 5.00 10.00

Quan h¢ gitta RMR ~ Q trong ham ngang -
hé tang A Vwong

- ~0 - -
60 aaESR— oo —0
980 ORMR = 6.7In(Q) + 42.64
o

15.00

(0]
) -

R2=0.81

20.00 35.00

Q

2500 30.00

Hinh 1. Twong quan giita RMR ~ Q trong ham ngang - hé tang A Virong
Biang 2. Kiém dinh cic phwong trinh twong quan RMR va Q trong him ngang - hé ting A Vwong

Tac gia Cong thirc RMSE | MAPE | Biéu kién ap dung
Bieniawski (1976) RMR=9InQ+44 6.87 0.109 | Cho moi loai da
Rutledge et al. (1978) | RMR=5.9InQ+43 3.55 0.051 | New Zealand
Barton (1995) RMR=34.5InQ+50 7.74 0.134 | P4 trim tich, d4 bién chit
Cong thuc (11) RMR= 6.77InQ + 42.67 3.27 0.049 | Hé ting A Vuong
Chi s6 chat lwong d4 - RQD - duogc ding dé xac J=3(Na*)* J; / Z(Na;*)* 9)
dinh RMR va Q. Thong thuong, xac dinh RQD dua Na;‘ _ mail; (10)

vao non khoan la cong viéc don gian va quen thudc,
tuy nhién viéc do gid tri RQD cho gi4 tri kém chinh
xac, khong phan anh dugc dic diém that ciia khdi da
(Hung, 2016). Chinh vi vay, viéc xac dinh RQD theo
s6 liéu khe nut do trong ham hodc vét 10 da c6 do
chinh x4c cao hon gdm phuong phap gian tiép cia
Palmstrom (1995) va phuong phap do vé khe ntrt theo
duong quét (Brady, 2005). Do mat d6 khe nut cua
khdi da trong ham ngang tuong dbi day (budc cac
khe ntt bac IX nho hon 0.6m), RQD ciia khdi da
duoc xac dinh tai cac try d4 thi nghiém tai him ngang
theo phuong phap gian tiép ciia Palmstrom (1995):

ROD =115 -33]J; (7)

Jr=15E(CE ®)

Véi I, - s6 lugng khe nit trong mot don vi thé
tich khéi d4; na; - s6 khe nit voi chidu dai Li va A
- dién tich bé mit dang danh gia RQD.

Bé mit céc tru da co phan bd va chét lugng cac
hé khe nut khong dong nhat nhau nén thong sb I, -
hé s6 ké dén d6 nham cua khe nirt va J, - hé s6 ké
dén su bién ddi (phong hoa) cua khe nurt ciing duge
xac dinh theo phuong phap cua Palmstrom (1995)
voi cong thirc tong quat tinh gid tri J nhu sau:

80

V4

Tir két qua o Bang 1, tuong quan gitta Q va RMR
cho khéi d4 cat két dang quartzit trong ham ngang hé
ting A Vuong dugc thé hién &

Hinh 1: RMR = 6.7InQ + 42.64 (11) véi hé sb
twong quan R* ~ 0.81.

Két qua kiém dinh cdc phuong trinh tuong
quan RMR ~ Q duoc 4p dung trén thé gidi voi
sb litu RMR, Q cua hé ting A Vuong thé hién &
Bang 2, sir dung tiéu chi RMSE va MAPE d¢
danh gia. Tir két qua & Bang 2 cho thdy, quan hé
twong quan theo cong thie (11) cho sai s 1a
nho nhat véi RMSE =3.27 va MAPE = 0.049.
Coéng thirc tuong quan cua Rutledge et al.
(1978) ciing phul hop cho hé ting A Vuong véi
sai s6 RMSE = 3.55 va MAPE = 0.051. Véi
cong thuc cua Bieniawski (1976) va Nick
Barton (1995), sai sé 16n gap 2 lan khi so sanh
v6i hai cong thure con lai.

3.2. Twong quan giira Q va cwong do khang
cit ciia khoi da trong hé ting A Vwong tai him
thuy dién A Ludi

Luc khang cat cua khdi da trong hé ting A
Vuong tai ham ngang, thay dién A Ludi duoc
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x4c dinh bang thi nghiém cit try da trong ham

thuéc bé€ da thi nghiém theo tiéu chuan 1a

ngang theo tiéu chuan ASTM D4554-90, kich 700mmx700mmx350mm.

Biang 3. Xac dinh lwc khang ciia khoi da trong hAm ngang - hé ting A Vwong

o, Tham s6 d4nh gid chat luong khéi da
Khiphd hity Barton (2002) theo Bar;gon et al.,(197g4) Chi
Stt | B6i | Apluc | Apluc . Ap lue SF s0
nénc | citt, | g | @do (MPa) citt, | RQD | I | I | I |1, R Q |RMR
(MPa) | (MPa) (MPa)

1 1.03 256 | 061 | 315 2.29 2.9 43 10 17 251 | 1] 26| 50

2 1.54 3.89 1070 | 35.1 3.32 44 56 9| 17|25 1| 1] 44| 53

31 1IB | 205 442 | 1770 | 59.6 2.77 6.3 52 1|17 (10| 1| 1] 89 | 52

4 2.54 503 | 096 | 439 2.90 5.3 49 8|16 | L7 |1 |1 |52 45
5 3.07 583 | 1.07 | 470 349 6.8 55 9116 | 15| 1| 1] 70| 58

6 1.03 283 | 078 | 38.0 9.18 10.0 86 7122129 1|11 82] 62

7 1.55 442 | 077 | 37.6 548 6.7 51 10 18 |24 |1 | 1] 48 | 56

8 | A | 2.06 503 | 089 | 41.6 11.6 13.4 79 6 | 21 | 24 |1 1| 117 ] 62

9 2.54 583 1073 | 360 8.55 10.4 68 8119 |26 | 1 |1 |70 55

10 3.05 6.62 | 077 | 37.7 8.67 11.0 69 7122129 1| 1] 76| 53
11 1.06 38 | 1.71 | 597 9.98 11.8 78 7117 ] 10| 1 1190 ] 62
12 1.54 353 | 135 534 14.5 16.6 81 S| 13101 1]21.8| 67
13| 1IB | 210 477 | 1.15 | 489 8.83 11.2 69 71 1.1 1.0 | 1 1| 113 ] 59
14 2.54 530 | 1.29 | 523 10.1 12.0 68 6 | 1.3 ] 10 | 1 1| 147 ] 66
15 3.03 6.01 | 1.16 | 493 9.3 12.9 73 701211011121 59

Tur két qua thi nghiém hién truong, luc dinh va
gdc ma sat trong cua d6i IB, TIA va IIB trong him
ngang lan luot 1a (1.245MPa; 56.57°), (1.284MPa;
60.8°), va (1.463MPa; 56.44°) (PECC1, 2007c¢).

Céc thanh phan khang cit (c,p) cia khdi da
trong ham ngang xac dinh theo Bieniawski (1976)
dua trén diém RMR cho d¢i IB, IIA va IIB lan
luot 1a (0.2-0.3MPa; 25-35°), (0.24-0.34MPa; 29-
39°), (0.26-0.36MPa; 31-41°).

Céc gia tri ¢, ¢ do Bieniawski (1976) dé xuit nho
hon thuc té, Barton (2002) da d& xuat x4c dinh theo
cac thong s6 nay theo thanh phan ciia Q nhu sau:

o = tan-2],)

RQD dugc xac dinh thong qua gia tri Jv theo
Palmstrom (1995).

Tem~ O, 061 IB trong him ngang - hé ting A Virong
o

Thi nghiém O Barton(2002)
- W
4.0 5__/*,

1.0 1.5 2.0 25 3.0
o, (MPa)
Tem~ ©n 461 ITA trong him ngang - hé t?xng A Vwong
T (MPa)
16.0

2.0

0.0

(=]
12.0 —
(=]

8.0
EW

o Barton(2002) Thi nghiém

4.0 foe——

0.0

1.0 1.5 2.0 3.0

. (VP2)
Tem~ Oy 461 IIB trong him ngang - hé tf‘ing A Vwong

T (MPa)
20.0

Ja (12) o o ]
_RQD 1 o 5
I. SRF100 (13) i I =
B Thi Inghiém ‘EI Barton(ZOOIZ)

trong do

J. 13 hé s ké dén sd lugng cac hé khe nit,

J 14 hé s6 ké dén anh huong cia nudc,

SRF 13 tham sb dic trung cho sy suy giam tmg
suit cua da.

1.0 15 2.5 3.0

o, (Pa)

Hinh 2. Quan hé giita t,, va o, thuoc doi IB, 114

va IIB ham ngang, hé tang A Vieong theo sé liéu
thi nghiém va 1y thuyét
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Luc khang cit 1y thuyét xac dinh theo tiéu
chuan Mohr - Colomb véi cong thic:

(14)

Ta c6 két qua 1, theo thi nghiém va Iy
thuyét nhu trong bang 3 va dudng bao khang
cit theo thi nghiém va 1y thuyét thé hién ¢
Hinh 2. Két qua danh gia tuong quan theo hé
s6 Pearson (R) gitra cac thong sd khang cit
theo 1y thuyét voi luc khang cit thi nghiém cho
cac d6i IB, IIA va IIB cua hé ting A Vuong
duoc thé hién ¢ bang 4.

T, = €+ oytang

Bing 4. Hé s6 twong quan giira t,, thi nghiém
v6i thanh phan khang cit 1y thuyét

psi| ™ T ™ ~ T
(tm)* (ontg@)* c*

B 0.92 0.82 0.76

HA | 03 0.97 0.06

B | -033 0.96 20.59

* thé hién gid tri Iy thuyét

Cuong d6 khang cét cua khdi da xac dinh theo
cac hé sb ¢ va @ do Barton (2002) kién nghi co
két qua 16n hon nhiéu so v6i cudng do khang cat
thi nghiém (Bang 3). V&i déi IB bi nat né nhiéu,
chi s chat luong da Q < 10, mtrc do phong hoa
manh dén trung binh, mau tru ¢4 Gmg xr nhu moi
truong diang huéng va cho két qua tuwong quan
luc khang cit giira thi nghiém va tinh toan trong
d6i IB tuong dbi tot (R=0.92). Vi doi IIA va IIB
c¢6 nit né tir trung binh dén it, mirc d6 phong hoa
yéu, miu try d4 Gng xu thién v& moi truong
khong ddng hudng va cho két qua twong quan luc
khang cit thi nghiém va 1y thuyét yéu; ¢ doi 1IB,
trong quan con c6 xu hudng nguoc chidu (R =
0.3 v6i doi IIA, R = -0.33 voi doi 1IB). Piéu nay
c6 thé 1y giai 1a do khi trong doi da cang ctng
RQD

chdc, . va cang 16n va hién nhién c cling s¢€

16n theo. Su bién thién gia tri ¢ trung binh giita
cac d6i 1a rat 16n (2.93MPa, 8.6MPa va 10.6MPa
lan luot cho d6i IB, 1A va IIA), twong quan giita
luc khang cat thi nghiém voéi luc dinh tinh toan
trong doi IB & muc d§ manh (R=0.76), con voi
doi IIA va 1IB khong chdt ché va c¢6 xu hudng
nguoc chiéu (R 1an luot 12 0.06 va -0.59); trong

khi d6 gia tri o,,tang trung binh trong ting doi
lai bién thién khong nhiéu (2.2MPa, 1.8MPa, va
2.6MPa lan luot cho cac doi IB, IIA va IIB),
trong quan giita lyc khang cit thi nghiém véi
ag,tang tinh toan trong cac doi chdt ché (R =
0.82; 0.97; 0.96). Nhu vay, vdi moéi truong khong
dang huéng, viéc sit dung o, trong thanh phan
khang cat 1a chua phu hop, gia tri RQD can xét
theo hudng gia tai thi nghiém nhu Barton (2002)
da khuyén cdo. Vi moi truong khong dang
huéng, lyc khang cit cua khdi da can xét thém
anh hudong cua cac yéu té khac nhu anh hudng
clia ing suit, anh huong tir cac dic trung khac
ctia hé khe niit (hé s6 gd ghé, chét lap nhét khe
nut, ma sat du, ....), anh huéng cia di huodng
(chiéu day phan 16p, murc d6 phéan phién...).

3.3. Twong quan giira modun bién dang caa
khdi da véi RMR, Q trong hé ting A Vuong tai
ham thity dién A Luéi

Modun bién dang khéi da trong him ngang ciia
hé ting A Vuong duoc xac dinh bang thi nghiém
nén tinh c¢6 sir dung gidn ké dé do lin theo tiéu
chuin ASTM D4394-84 tai ham ngang, kich
thude bé mit da thi nghiém 800mmx800mm, ban
nén hinh tron kich thugc 710mm. Két qua E,, thi
nghiém dugc thé hién trong Bang 5.

Bang 5. Modun bién dang ciia khdi da
trong ham ngang - hé t?mg A Vuong theo
thi nghiém hién truong

stt |psi| Q | RMR | ™™ x10
(MPa)
1 5.05 53 7.48
2 . .
i |_346 51 9.08
3 5.77 51 7.17
4 3.08 48 2.53
5| a L768 58 13.16
6 8.05 53 14.52
7 1216 | 57 15.32
8 2. .
g L2200 | 6l 16.63
9 11.09 | 55 15.62
10 3067 | 72 15.62

Céc cong thuc tuwong quan gitta E,, ~ RMR, Q
duoc xay dung dua trén cac sb liéu thi nghiém
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hién truong cua cic d4 trim tich va bién chit do
Bieniawski (1978) va Serafim (1983) thu thap. Dé
dé xuat cong thirc trong quan gitra E,, va RMR, Q
cho hé ting A Vuong, tién hanh so sanh cong thirc
tuong quan cua Bieniawski (1978), Serafim

(1983), Nicholson et al. (1990) va Barton (2002)
bang chi titu RMSE va MAPE véi sb liéu thi
nghiém tai hé tang A Vuong. Két qua tinh toan
cac gié tri sai s6 cua cac cong thire twong quan thé
hién & Bang 6.

Biang 6. Két qua sai s6 giira cac cong thirc twong quan Em ~RMR, Q
trong ham ngang - h¢ tang A Vuong

RMSE x10°(MPa) MAPE
Tac gia Phuong trinh Ci‘ boi Dot C? Déi Doi
he | o | UA, | hé B | A
ting IIB | ting 1B

Bieniawski
(1978) E, =2RMR — 100 khi RMR = 50 527 |5.13 |5.35 (041 |0.57 |0.31
Serafim (1983) | E,, = 10(RME-10)/40 ki RMR =50 | 2.69 |3.34 |2.21 | 0.24 | 041 |0.14
1 . RMR

Elggg)lson etal | g 0.5(0,0028RMR? + 0,9 exp (ﬁ) 424 110 |531 |026 |0.12 |034
Barton (2002) | E,,, = 25logyg @ 109 1935 | 11.7 090 |1.16 |0.74
Barton (2002) | E,, = 10{{3.% : 6.6 |594 1699 |056 |0.75 |0.44

Tir két qua ciia Bang 6, cong thirc twong quan
cta Serafim (1983) khi xét cho ca hé ting A Vuong
o cac gia tri sai s6 RMSE = 2.69x10°(MPa) va
MAPE = 0.24, 1a gi4 tri sai s6 nho nhét khi so sanh
voi cac gia tri sai s6 cua cac cong thitc twong quan
con lai. Riéng d6i voi déi IB, gié tri sai s6 RMSE va
MAPE nhé nhit xuit hién & cong thirc twong quan
cta Nicholson et al. (1990) vdi cac gia tri 1an luot 1
1.0x10°(MPa) va 0.12. Nhu véy, di véi doi IIA va
IIB kién nghi sir dung cong thirc twong quan E,, ~
RMR ciia Serafim (1983); v6i d6i IB kién nghi sir
dung cong thiic tuong quan E; ~ RMR cua
Nicholson et al. (1990).

4. KET LUAN

1. Do d4 c6 chira céc dac diém mang tinh ngiu
nhién (dac diém cAu truc, khe nit, mae do phong
hoa, diéu kién tng suét) nén sir dung phuong phap
thong ké dé xac dinh tuong quan dic tinh khbi da
va danh gia tuong quan giira cac bién trong cong
thirc twong quan 13 phu hop va dugc ap dung phd
bién trong linh vuc dia k¥ thuét.

2. Cac cong thirc twong quan dic tinh khbi da
hién nay chu yéu dwgc xay dung dya trén sb liéu
hién trudng cua nhiéu noi trén thé gii véi muc
dich x4y dung mot cong thirc chung nhit nhim ap

dung tinh toan cho céac loai d4 khac nhau. Tuy
nhién, diéu nay la khong kha thi do da c6 su phan
bd ngau nhién trong khong gian, dia tang. Bang
cach 4p dung phuong phap phéan tich hdi quy va
danh gia tuong quan cho cac déi da khu vuc him
ngang trong hé ting A Vuong tai ham thuy dién A
Lu6i, Tinh Thira Thién Hué, nghién ctru da cho
thdy chi mot s6 cong thic twong quan dic tinh
khéi d4 c6 thé dugc ap dung cho khu vyc nay nhu
tuong quan RMR~Q cua Rutledge et al. (1978)
hoac sur dung tuong quan méi RMR= 6.7InQ +
42.62; tuong quan E,, ~ RMR cua Serafim (1983)
cho ddéi IIA va IIB, cua Nicholson et al. (1990)
cho d6i IB. Cac thanh phan khang cat theo
Barton (2002) phu véi d6i d¢a IB bi ntt né nhiéu,
d4 Gmg xtr nhu méi treong dang hudng. Véi cac
d6i da IIA va IIB - nGt né tir trung binh dén it,
mirc d6 phong hoa yéu, d4 tng xtr thién vé mdi
truong khong ding huéng - gia tri o, va RQD
trong thanh phan lyc khang cat khbi da can xét
xac dinh nhu Barton (2002) d4 khuyén co; ngoai
ra lyc khang cét can xét thém anh hudng cia céc
yéu té khac nhu anh huéng cia Gng suit, anh
huong tir cac ddc trung khac cua hé khe nut (hé
s6 gb ghé, chét 14p nhét khe niit, ma sat du, ....),
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anh huong cua di hudéng (chidu day phan 16p, céc tac gia trén thé gidi ap dung vao cic cong
mirc d6 phan phién...),. trinh dia ky thuat ¢ Viét Nam can phai c6 qua

4. Viée st dung cac cong thirc twong quan ddc  trinh kiém nghiém danh gia sy phu hop cia cong
tinh khdi da theo cac cong thirc kinh nghiém cua  thirc véi sb lidu khao sat thuc té tai hién truong.
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Abstract:
STUDY ON THE CORRELATIONS BETWEEN ROCK MASS PROPERTIES
AND ROCK MASS CLASSIFICATION AN APPLYCATION FOR THE A VUONG
FORMATION IN THUA THIEN HUE PROVINCE

The correlation between rockmass properties and rock mass classification are being interested
worldwide, in which, statistical methods have applied through the in-situ data. This article carries out
the regression analysis and regression calibration to determine the correlations of the rockmass
properties and the rock mass classification in the A Vwong formation at A Luoi hydropower tunnel,
Thua Thien Hue province. By doing so, the authors propose the goodness — of — fit correlations with the
in-situ data.

Keywords: rock mechanics, rock mass rating RMR, rock mass quality index Q, rock mass strength o,
deformation Modulus E,,, regression analysis, regression calibration
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