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MOT PHUONG PHAP THIET KE NEO DiNH KET
THEO NGUYEN LY GIA CO KHOI PA

NGUYEN MANH KHAI, Van phong Chii tich nudc
NGUYEN QUANG PHICH, NGUYEN VAN MANH, Truwong Pai hoc M6 - Dia chdt

LE VAN CONG, Vién Khoa hoc Cong nghé mo
Tém tat: Sir dung neo dinh két dé gia co, giit on dinh khoi da trong xdy dung cong trinh
ngam khai thac mo va cdc linh viee khac da va dang dwoc trién khai réng rdi. Tuy nhién cho
dén nay van con ton tai nhiéu quan diém khéc nhau vé co ché lam viéc cia neo dinh két va
ciing vi vdy, neo dinh két dwoc thiét ké theo nhiéu phirong phap, dwa trén cdc gid thiét khac
nhau. Bai bao trinh bay co so ly thuyét tinh todn, thiét ké neo dinh két theo nguyen li gia co
khoi da. Cdc tham s6 ciia hé thong neo dwoc xdc dinh véi gia thiét la két cdu neo gop phan
ting kha ndng nhdn tdi va giam kha néng bién dang ciia khoi dd.

Str dung neo dé tao ra két ciu chéng tich
cuc, tang cuong muc do on dinh cua khéi da
xung quanh céc cong trinh ngdm di dugc tién
hanh trén thé gidi tir thé ky trude. Cung véi
khéi lwong xdy dung cong trinh ngdm ngay
cang nhiéu, cac loai neo cang dugc st dung
rong rii, dugc phat trién, hoan thién va ngay
cang to ra rat cong hiéu trong nhiéu linh vyc.
Neo dinh két (NDK), dién hinh 12 neo bé tong
cbt thép (BTCT), neo chit déo cbt thép (CDCT)
va neo chat déo cdt chat déo (CDCD) ngay cang
chiém ty 1€ cao so voi cac loai neo khac. Tai
Viét nam sir dung chii yéu neo dinh két (neo bé
tong cot thép) dé chdng giir, gia cd khodi da
trong xdy dung cong trinh ngam va khai thac
than ham 10. Neo dinh két co thé duoc lap dung
dinh két mot phan ¢ dau neo voi khdi da va cho
phép kéo cang tao dy tmg luc (Umg suét trudc)
nhu & neo co hoc déu nd, song thong thudng
nhit trong thuc té hién nay 13 toan bd than neo
duoc gan két voi khdi da. Trong truong hop nay
c6 thé coi neo dinh két dong vai trd gla cb khoi
da. Khdi da co thé vi nhu "duoc dat cot".

Mic du NDK dugc st dung ngady cang
nhiéu, song nhan thirc, hiéu biét vé kha ning
lam viéc, kha ning chiy tai khi thiét ké két ciu
neo van con nhiéu han ché. Vat liéu lam than
neo, duong kinh thanh neo, khoang cach, chiéu
dai ciing nhu cac tham sé cua két cau neo van
chu yéu duoc xac dinh va lya chon theo kinh
nghiém, mic du phuong phap thiét ké va co so

thiét ké co thé 1a phuong phap giai tich, phuwong
phap sb, phuong phap thi nghiém tai hién
truong, thi nghiém vat 1y hay phan loai khéi d4
. ,

O nudc ta, cho dén nay nguyén ly lam viéc
ciia neo duoc phan tich theo nhiéu diu hiéu
khac nhau, nhung vi¢c xac dinh cac thong )
cia két cdu neo van chu yéu duoc thuc hién
theo "nguyén 1y treo" hoic " nguyén 1y dam hay
vom mang tai". V& mit co hoc, viéc tinh toan
nhu thé tuong ty nhu so dd cho trude tai trong.
Tuy nhién, ca Iy thuyét va thuc té déu chimg to
rang "vom pha hiy" hay vom cén bang" khong
phai bao gid ciing xuat hién, nhét 1a khi da st
dung neo hodc bé tong phun. Viéc tinh toan
theo cac nguyén 1y trén chua thuc sy khai thac
hét vai tro gia ¢ cia NDK. Tinh tich cyc cua
neo 13 1am ting kha ning "ty mang tai" cua khoi
da dugc chi y khong day di, nhét 1a khi tinh
theo nguyén ly treo. Ciing da c6 cac cong trinh
nghién ciru tinh toan thiét ké neo theo nguyén 1y
gia ¢6 duoc tién hanh, nhu Nguyén Quang
Phich, Pao Van Canh (1996) [2,3], Lé Van
Cong (2002) [4], tuy nhién, chua c6 dugc cac
chi dan thiét ké cu thé. Mot chi dan theo nguyén
tac nay duoc gidi thiéu trong [5], song cho bai
toan voi cac théng sd mang tinh trung binh hoa
trong viing cim neo.

Sau day gidi thiéu phuong phap tinh gidi
tich co chi y dén kich thudc ving anh huong
ctia neo trong khéi da.



1. M6 hinh bai toan va két qua

bé nghién ctru, khao sat van dé néu ra bang
ly thuyet 0 day trude tién xét mo hinh bai toan
phang, phat trién két qua trong [2,3,4,5] véi cac
gia thiét sau:

e Cong trinh ngam c6 tiét dién tron véi ban
kinh R (1/2 chiéu rong dudng 10); trang thai tmg
suat ban dau 1a thay tinh v6i thanh phan Gng
suat p=y.H (y 12 dung trong trung binh cua khdi
da, H 1a d6 sau bd tri cong trinh ngam);

e Khdi da truée khi neo c6 md dun dan hoi
la E,, do bén nén don truc 1a o), va hé sb
Poisson po =0,5;

e Vung khéi d4 sau khi neo c6 mé dun dan
hdi 1a E,,do bén nén don truc la GT\,n va hé s6
Poisson pn =0,5. Giita cac tham sb co hoc cua
ving khdi da sau va trude khi neo duoc xéac
dinh gan dung theo mod hinh vat liéu to hop
(composite) nhu trong [1], phu thudc vao kich
thude dién tich vung tdc dong ctia mot thanh
neo, cu thé cang xa bién ham, hé s gia cd cang
giam, theo biéu thirc sau:
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trong d6: dik - duong kinh 16 khoan neo; dn -
duong kinh thanh neo; Egk - m6 dun dan hoi ciia
chat dinh két (béténg hay chat déo); En - md
dun dan hoi ciia vat lidu 1am thanh neo (chiing
ta m&i s dung thép, con mot s6 nudc trén thé
gidi da str dung thanh neo bang chat déo); a -
khoang cach gitra cac thanh neo trong vong neo,
tinh trén bién cong trinh va trong nghién ciru
nay ciing 1a khoang cach khong ddi giita cac
hang neo; o - hé sd gia cb khi str dung NDK,
phu thudc vao cac tham sb hinh hoc cua két cau
neo va cac tham sb co hoc cua cic vat lidu
thanh phan; ¢ dy cho thay o o ting khi mat do
neo tang, tirc 1a a giam.

e Khéi da dugc khao sat theo so do trén
hinh 1 v61 ving R <r<L+R 1a vung dugc neo
va chiéu dai than neo bang L.
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Hinh 1. So db bai todn neo gia ¢ khéi da

Giai bai toan trén véi cac diéu kién bién
turong ung nhan dugc cac két qua vé quy luat
phan bd tng suét trong ving ¢ cam neo (chi sd
n) va ving khong cé neo (chi s kn).
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_ Tur do dua vao méi quan h¢ gitra cac thanh
phan chuyén vi voi bién dang va bién dang voi
ung suat, xac dinh dugc thanh phan Gng suat
trén bién cong trinh ngdm o, , cling nhu do

dich chuyén tuyét doi cua cac diém trén bién
U,, theo céac biéu thirc sau:
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Ug- chuyén vi tuyét ddi cua bién cong trinh
ngam khong c6 neo, khi coi khdi d4 1a dan hoi,
dong nhat. Tu céac biéu thuc (2) va (3) so voi
cac dai luong tuong ung khi khong neo:

@R : (5)
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chung ta nhan thiy quy luét :
Opnb > o5 Unp Uy . (6)
biéu do chimg to rang, thong qua cam neo
s€ han ché du:gc dicl} chuyén cua khoi da yé
phia khoang trong ngam, tuy nhién thanh phan

Gy =2p; Uy=

ung suét trén bién s¢ 16n hon so voi trang thai
Chua cdm neo. Do vdy can danh gia kha nang
on dinh cua khéi da sau khi cdm neo, cling nhu
tinh toan, diéu chinh cac tham sb neo, sao cho
khéi d4 dugc dua vé trang thai 6n dinh.

Goi nyva n la hé s6 on dinh cta khoi da
trudc va sau khi neo, dugc dinh nghia bdi céac
biéu thirc:
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Khoi da xung quanh cong trinh ngam sau
khi dao dugc coi la mat 6n dinh néu n,<l1 va

bang bién phap cam neo can phai dua khoi da
vé trang thai on dinh v6i n>1. Nhu vay, néu
cho trude hay 4n dinh trudc hé sb On dinh n
theo mong mudn, hoan toan cé thé xac dinh
duogc cac thong sb cua hé thdng neo (chiéu dai
neo, mat d§ neo, duong kinh thanh neo, duong
kinh 18 khoan...) trong mdi twong quan véi cac
tinh chat co hoc ctia khdi d4 va cac thanh phan
ctia két cAu neo (thanh neo, chat dinh két).

Dua cac dai luong co hoc da dinh nghia va
xéac dinh vao biéu thic danh gia mirc do on dinh
ctia khdi d4 sau khi neo s& nhan duoc:
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Tur d6 c6 thé tinh duoc chiéu dai can thiét
cua thanh neo L theo biéu thtc:
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Xuat phat tir diéu kién gia tri L>0, nghia
biéu thirc trong dau khai can 16n hon 1, tir 6
con lai diéu kién (nhu phan tich trong [1]):

(1+§Ao)no-n>0 (10)
Tl d6 cho phép xac dinh A, khi 4n dinh

trudc hé so6 6n dinh mong mudn, cu thé co:

A0>§(1'1)
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Két hop véi (10) v6i (4) s& xac dinh duoc
khoang céach gitta cac thanh neo, trén co so lua
chon duong kinh thanh neo, dudng kinh 16
khoan va chit dinh két v6i cac tham sd co hoc
ctia chiing, theo biéu thirc.
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Tuy nhién, ciing c¢6 thé lya chon khoang
cach gitra cac thanh neo theo kinh nghiém, tur
do tinh dugc A, . Trong truong hop nay hé sO

(11)

. (12)

on dinh khoi da sau khi cdm neo s& dat duoc gia
tri 16n nhat theo biéu thirc.

nmaxz(l+§Aojno

Tuy thuoc yéu cau gia ¢d hé sd 6n dinh
thyc té s& ndm trong khoang lya chon sau:
1<n<n__

2. Vidu tinh toan

Mot dudong ham cé dudng kinh 4,0m duge
dao & d6 sau H=300m, trong khoi da dong nhat.
D4 c6 do bén nén don truc 6, ,=60MPa, dung

trong y=27kN/m°= 0,0027MN/m%; khéi da
dugc danh gia co chat lugng tét véi RMR=72.
M6 dun dan hdi bang 0,5.10°MPa, cua thanh
neo bang thép 1a 210.10°MPa, ctia chat dinh két
la 30.10%MPa. Cac thanh neo (sir dung tai cic
cong trinh thuy dién) c6 duong kinh
25mm=0,025m; dudng kinh 16 khoan neo la
42mm=0,042m.

Tir cac diéu kién da cho, c6 thé xac dinh do
bén nén cua khéi da theo tiéu chuan Hoek-
Brown.
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6 i =004/0,0466=60.0,216=12,96MPa=o,,,

Véi gia thiét gan ding trang thai ing suét
nguyén sinh la thuy tinh, thanh phan g suét
phap tiép tuyén trén bién dwong him sau khi
dao la:

2yH=600.0,027= 16,2 MPa
do vay, ¢ trang thai khong chéng hé sd 6n dinh
nhan gia tri:

Tt biéu thice (11) cho thiy két cu neo dat
hiéu qua gia cb, khi khoang cach giita cac thanh
neo trén bién ham a<0,829m.

Vi cac khoang cach gilta cac thanh neo
duoc chon dé tinh 1a 0,8m; 0,7m va 0,6m, tur
céc biéu thirc (4) va (13) xac dinh dugc gia tri
ctia Ao VA Nmax. Vi mtrc dd 6n dinh can dat trén
bién sau khi gia ¢cd n=1, cho phép xac dinh
chiéu dai thanh neo theo (9). Cac két qua tinh
dugc thong ké trong bang 1.

Bang 1. Két qua tinh neo theo nguyén ly

gia c6 khoi da
a (m) 0,8 0,7 0,6
Ao 0,403 | 0,527 | 0,717
Nmax 1,015 1,08 1,18
n 1 1 1
Lm) | 29 | 1,1 | 05

Céc gid tri tinh todn cho thay kha phu hop
voi cac didu kién thuc té, hodc tinh bang
phuong phap treo chdt.

3. Két luan va hwéng nghién ciru tiép

Céc két qua thu dugc cho phép khang dinh
rang, hoan toan c6 thé ap dung phuong phap
trén dé xay dung co sO thiét ké két cdu neo theo
nguyén 1y gia c6 khdi da. Phuong phap duogc
xdy dung xuét phat tir cac nguyén 1y co hoc
l6gich, chat ch&. Mic du bai toan duoc dé cap
méi chi 13 bai toan co ban véi cac diéu kién
bién don gian, nhung da cho cic két qua dé
chép nhén so véi sb lidu thuc té.

Déi v6i cac diéu kién hinh hoc va diéu kién
bién phic tap, trong [1] d& xuit st dung
phuong phép s6 véi cac tha thuat thich hop.



Cac vi du tinh toan bang chwong trinh FLAC
trong [1, 6, 7] da minh hoa sy phu hop cua cac
thu thuat tinh toan, so sanh vd&i cac phuong
phép tinh theo nguyén ly tuong tac.

Céc két qua nhan duoc cho phép khang dinh
tinh vu viét ctia phuong phdp tinh neo theo
nguyén 1y gia ¢ khdi d4. Puong nhién, dbi véi
cac khdi da dic trung boi cac didu kién dia chit
phtc tap, can thiét phai tiép tuc nghién ctru dé
xdy dung dugc cic md hinh gia ¢ phu hop,
twong Ung.
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SUMMARY
A design method for fully grouted rock bolt
due to the reinforcement principle of rock masses
Nguyen Manh Khai, Office of the President
Nguyen Quang Phich, Nguyen Van Manh, University of Mining and Geology
Le Van Cong, IMSAT
Rockbolts are widely used as a tunnel support and are considered as an effective and
economical means of supporting in varies conditions. Unfortunately, the coupling mechanism is still
not very clearly at present. The design of rock bolt in tunnelling or other excavations is still
empirical, and there are few methods to evaluate the bolting effect in most case. A new model for
design of fully grouted rockbolts based on the principle of reinforcement capability of fully grouted
rockbolts is suggested. Based on the received analytical solution for a symetrical boundary problem
of a circular tunnel with grouted rockbolts a design method has been developed.



