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PON VI TO CHUC
Truong Pai hoec Mé - Pia chit (HUMG)
CAC PON VI PHOI HQP TO CHUC

Tép doan Cong nghiép Than - Khoang san Viét Nam
Tap doan Dau khi Viét Nam

Téng cuc Dija chit va Khoang san Viét Nam
Téng hdi Pia chit Viét Nam

Cuc Do dac, Bin do va Théng tin dia 1y Viét Nam
Hoi Khoa hgec Céng nghé¢ Mé Viét Nam

Hi Cong trinh ngim Viét Nam

Hi Pia chit Thiy vin Viét Nam

Hi Pia chit Cong trinh va Mbi truong Viét Nam
Hi K¥ thuit N6 min Viét Nam

Hoi Khoa hgc Ky thuat Dia vat ly Viét Nam

Hi Tric dia - Ban d6 - Vién tham Viét Nam
Vién Pia chit va Dia vat Iy bién

Vién Khoa hoc Pia chit va Khosng sin

Trudong Pai hoc Cong nghé Pong Nai

Truong Pai hoc Pong A

Truong Pai hoc Thii Diu Mgt

BAN TO CHUC

Truwéng ban
GS.TS Tran Thanh Hai, Truong Pai hoc Mo Dia - chat

Pho6 Truéng ban

GS.TS Bui Xuan Nam, Truong Pai hoc M6 - Pia chat

PGS.TS Tri¢u Hung Truong, Truong Pai hoc Mo - Dia chdt

Uy vién

GS.TS V& Chi My, Héi Trdc dia - Ban do - Vién tham Viét Nam

GS.TS Nguyén Quang Phich, Héi Cong trinh ngam Viét Nam

PGS.TS Tran Tuén Anh, Vién Dia chdt, Vién HLKH&CN Viét Nam
PGS.TS DBoan Van Canh, Héi Pia chat Thuy van Viét Nam

PGS.TS Ta Dtc Thinh, Héi Dia chat Cong trinh va Moi truong Viét Nam
PGS.TS Nguyén Nhu Trung, Vién Pia chdt va Dia vit Iy bién, Héi Khoa hoc kjf thudt Dia vt Iy Viét Nam
TS Nguyén Dai Pong, Cuc Po dac, Ban do va Thong tin dia ly Viét Nam
TS Tran Xuan Hoa, Hoi Khoa hoc va Cong nghé Mo Viét Nam

TS Hoang Vin Khoa, Tong héi Pia chat Viét Nam

TS Db Hong Nguyén, Tdp dodn Céng nghiép Than - Khodng san Viét Nam
TS Nguyén Vin Nguyén, Tong cuc Pia chdt va Khodng san Viét Nam

TS Lé Vin Quyén, Hoi K7 thudt N6 min Viét Nam

TS Trinh Hai Son, Vién Khoa hoc Dia chét va Khoang san, Bo Tai nguyén va Moi truong
TS Nguyén Qudc Thép, Tdp doan Dau khi quéc gia Viét Nam

TS Dang Kim Triét, Truong Pai hoc Cong nghé Pong Nai

TS Tran Van Trung, Truong Pai hoc Thu Dau Mot

TS DS Trong Tuan, Truong Pai hoc Pong A

TS Nguyén Thanh Tung, Vién Dau khi Viét Nam



BAN KHOA HQC

Truéng ban

GS.TS BUi Xuan Nam, Trieong Pai hoc Mo - Pia chit
Phé trwéng ban

PGS.TS. DS Ngoc Anh, Truwong Pai hoc Mo - Dia chit
Uy vién

GS.TSKH Hoang Ngoc Ha, Truong Pai hoc Mo - Dia chat
GS.TS V& Trong Hing, Truong Pai hoc M6 - Dia chit
GS.TS Truong Xuan Luan, Trieong Pai hoc Mo - Pia chat
GS.TS B4 Nhur Trang, Truwong Pai hoc Cong nghé GTVT
PGS.TS Bui Hoang Bic, Truong Pai hoc M6 - Bia chit
PGS.TS B4 Vin Binh, Truong Bai hoc M6 - Dia chit
PGS.TS Phing Manh Bic, Hpi KHCN Mo Viét Nam
PGS.TSKH Ha Minh Hoa, Vién Khoa hoc Po dac va Ban do
PGS.TS Pham Vian Hoa, Truong Bai hoc M6 - Bia chat
PGS.TS Lé Van Hung, Trieong BPai hoc Mo - Pia chat
PGS.TS Hoang Vin Long, Vién Déu khi Viét Nam

PGS.TS Pham Van Luan, Truong Dai hoc Mo - Dia chat
PGS.TS Nguyén Quang Minh, Truong Bai hoc M6 - Bia chat
PGS.TS Pham Xuan NUi, Truong Pai hoc Mo - Pia chdt
PGS.TS Khéng Cao Phong, Truong Pai hoc Mo - Dia chat
PGS.TS Nguyén Vin Sang, Truwong Bai hoc M6 - Dia chdt
PGS.TS Ngb Xuén Thanh, Truong Pai hoc Mo - Pia chat
BAN BIEN TAP

Truéng ban

TS Nguyén Viét Nghia, Trueong Pai hoc M6 - Pia cht
Phé Truwéng ban

TS Nguyén Thac Khanh, Trieong Bai hoc Mo - Pia chat
Uy vién

PGS.TS Bui Hoang Bic, Trueong Pai hoc M6 - Pia chdt
PGS.TS Pham Vian Luén, Truwong Pai hoc Mo - Dia chdt
PGS.TS Tran Tuin Minh, Truong Pai hoc Mo - Pia chat
PGS.TS Bui Ngoc Quy, Truong DPai hoc Mo - Dia chat
PGS.TS B Nhu Y, Truong Pai hoc M6 - Pia chdt
BAN THU KY

Truéng ban

PGS.TS D& Ngoc Anh, Truong Pai hoc M6 - Pia chat
Pho6 Truéng ban

TS Nguyén Thac Khanh, Trieong Pai hoc Mo - Dia chdt
Uy vién

PGS.TS Pham Van Luan, Trueong Pai hoc Mo - Dia chdt
PGS.TS Nguyén Vian Sang, Triong Pai hoc Mo - Pia cht
TS T6 Xuan Ban, Truong Dai hoc Mo - Pia chat

TS Nguyén Trong Diing, Truong Pai hoc Mo - Dia chat
TS Lé Quang Duyén, Truwong Dai hoc Mo - Dia chat

TS Nguyén Duy Huy, Truwong Pai hoc M6 - Dia chdt
TS Nguyén Qudc Phi, Truong Pai hoc M6 - Pia chat

PGS.TS Bing Trung Thanh, Truong BPai hoc Mo - Dia chat
PGS.TS Ta Btic Thinh, Hji Pia chit Cong trinh va Moi
truong Viét Nam

PGS.TS Nguyén Thé Vinh, Truong Pai hoc M6 - Dia chat
TSLé Héng Anh, Truong Pai hoc Mo - Dia chat

TS Tran Québc Cuong, Vién Pja chat, Vien HLKH&CN Viét
Nam

TS Céng Tién Diing, Truong Dai hoc Mo - Dia chat

TS Tréan Tuén Diing, Vién ia chdt va Dia vt Iy bién, Vién
HL KH&CN Viéet Nam

TS Nguyén Dai Déng, Cuc Do dac, Ban dova Thong tin dia
Iy Viét Nam

TS Nguyén Manh Hung, Truong Bai hoc Mo - Pia chat
TS Nguyén Quéc Phi, 77 ruong Pai hoc Mo - Dia chat

TS Bui Thi Thu Thuy, Truong Pai hoc Mo - Dia chat

TS Nguyén Thé Truyén, Vien NC Bign tii, Tin hoc, Tur dong hoa
TS Nguyén Vian X0, Truong Pai hoc M6 - Dia chit

TS Nguyén Thi Mai Dung, Trueong Bai hoc M6 - Pia chdt
TS Nguyén Manh Hung, Truong DPai hoc Mo - Dia chat
TS Pham Trung Kién, Truong Dai hoc Mo - Dia chat
TS Nguyén Quéc Phi, Truong Dai hoc Mo - Dia chdt

TS Ngb Thanh Tuan, Truong Bai hoc M6 - Pia cht
TS Nguyén Manh Hung, Truong Dai hoc Mo - Dia chat
ThS Nguyén Ngoc Dung, Truong Pai hoc M6 - Pia chat
ThS Hoang Thu Hang, Truong Pai hoc Mo - Pia chdt
ThS Nguyén Thanh Hai, Truong Dai hoc Mo - Dia chat
ThS Pham Buc Nghiép, Truong Dai hoc Mo - Dia chat



LOI NOI DPAU

Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing - ERSD dugc
Trudng Pai hoc Mo - Dia chit (HUMG) va cac dbi tac to chirc 2 nam mot lan dé cac nha chuyén mon
trong va ngoai nudc tu hoi, gidi thieu nhiing két qua va huéng nghién cau khoa hoc méi, thao luan vé
cac xu thé phaét trién, thach thirc va co hoi mai déi véi nhidu linh khac nhau caa Khoa hoc Trai dat,
Tai nguyén va cac nganh khac cd lién quan.

Tiép nbi thanh cong cua Hoi nghi 1an tha nhét nam 2018 (ERSD 2018) va dugc su cho phép cua
Bo6 Gio duc va Dao tao, Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén ving
lan thir hai (ERSD 2020) duge Truong Dai hoc Mo - Dia chat (HUMG) dang cai t6 chirc voi sy phdi
hop dong t6 chirc cua nhiéu don vi quan ly, nghién ctiu khoa hoc, dao tao va san xuét cé uy tin trong
nugc gom Téap doan Cong nghiép Than - Khoang san Viét Nam, Tap doan Dau khi Quéc gia Viét
Nam, Tong cuc Dia chit va Khoéang san Viét Nam, Cuc Po dac, Ban d6 va Thong tin dia ly Viét Nam,
Vién Dia chit va Dia vat ly bién, Vién Khoa hoc Bia chat va Khoang san, Truong Pai hoc Cong nghé
Déng Nai, Truong Pai hoc Pong A, Trudng Pai hoc Tha Dau Mat, Téng hoi Dia chat Viét Nam, Hoi
Khoa hoc Cong nghé Mo Viét Nam, Hoi Cong trinh ngam Viét Nam, Hoi Dia chat Thiy vin Viét
Nam, Hoi Dia chat Cong trinh va Moi truong Viét Nam, Hoi K§ thuat N6 min Viét Nam, H6i Khoa
hoc K§ thuat Bia vat ly Viét Nam, Hoi Tric dia - Ban d6 - Vién tham Viét Nam, va véi su tham gia
ctia nhiéu t6 chiic va ca nhan khac.

Cac cha dé chinh cua Hoi nghi lan nay tap trung vao thao luan céac két qua khoa hoc cong nghé
va huéng nghién ctu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va st dung tai
nguyén dia chat, Moi truong va cac linh vuc khoa hoc khac ¢6 lién quan nhu Co - Dién, Cong nghé
Théng tin, Xay dung, ... ciing nhu viéc Gng dung chdng vao phét trién bén vimg ddi vai nhiéu linh
vuc khac nhau cua khoa hoc cong nghg, kinh té va xa hoi.

Trong qua trinh t6 chirc Hoi nghi, Ban Té chuc d4 nhan dugc sy quan tm cia dong dao cac nha
khoa hoc, chuyén mon va quan ly trong va ngoai nudc, trong d6 ¢6 hon 300 bao cao khoa hoc lién
quan téi cac chii dé cua Hoi nghi da duoc guri t6i Ban bién tap. Trén co s¢ do, 255 béo céo ¢6 chat
luong da duoc lya chon va xuat ban trong Tuyén tap tom tit cac bao cao va Tuyén tap cac béo céo
toan van cua Hoi nghi. Bao cdo toan vin dugc tap hop thanh 16 tap, mdi tap tng véi mot cha dé khoa
hoc sau:

1. Pia chat khu vuc

2. Pia chat céng trinh - Pja chat thaiy van

3. Tai nguyén dia chdt va phat trién bén viing '

4. M6i trwong trong khai thac tai nguyén va phat trién bén viing

5. An toan mg

6. Cong nghé va thiét b khai thac

7. Thu héi va ché bién khoang sdn

8. Cong trinh ngam va Dja ki thut

9. Vat liéu va két cau

10. Ky thugt dau khi tich hop

11. Trdc dia

12. Bdn do, Vién tham va Hé thong théng tin dia ly

13. Khoa hoc Co ban trong linh vuc Khoa hoc Trdi dét va Méi truong

14. Co khi, dién va Tu dong hoa

15. Cbng nghé thong tin

16. Phan tich di li¢u va hoc may

Toan bo thdng tin khoa hoc vé hoi nghi, trong d6 c6 Tuyén tap cac béo cdo toan vin, dugc dwa
I1én trang Website chinh thac ctia Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban té chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
t6 chirc Hoi nghi, cting cac don vi dong té chie da hop tac va gop phan quan trong vao su thanh cong
ctia Hoi nghi ndy. Cam on cac nha khoa hoc da dong gop cac cong bd khoa hoc c6 gia tri cho Hoi
nghi. Ban to chirc ciing danh gia cao su nd lyc caa Ban bién tap va cac chuyén gia bién tap dé nang
cao chat lugng cua cac bao cao khoa hoc ciing nhu sy ¢6 gang I6n caa Ban thu ky trong viéc chuan bi
va to chirc hoi nghi nay.



http://ersd2020.humg.edu.vn/

Ban t6 chirc mong muén tlep tuc nhan duoc sy hop tac chat che va gop y chan thanh cua cac don
vi va ca nhan ddi voi viéc chuan bi, to chuc, bién tap, va xuat ban céc bao cao khoa hoc, nhim nang
cao chét luong cua cac hoi nghi tiép theo, gép phan thuc day su phét trién bén vitng cua cac hoat dong
nghién ciru khoa hoc, chuyén giao cong nghé thugc cac linh vuc Khoa hoc Trai dat va Tai nguyén va
cac linh vuc khoa hoc khéc ¢6 lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai
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Nghién ctu cac giai phap gia cd va chong giit chii dong nang cao do
on dinh va kha nang mang tai cia khoi da xung quanh cac duong 10
khi khai thac xuong sau tai vung than Quang Ninh
Ping Van Kién”", Ngé Doan Hao', B Ngoc Thait, Pham Tuan Anh?, Ngb Ha Quyén?

1 Truong Dai hoc M6 - Dia chat
2.Cong ty co phan tir van dau tw mé va cong nghiép

TOM TAT

Hién nay, tai nhiéu cac don vi trong TKV di va dang trién khai thi cong cac dudng 10 thudc cac du an
khai théc than xudng sau, trong diéu kién san xuat phuc tap, dién tich khai truong 16n. Mot sé dudng 10
khai thong dao xuyén qua cac khu vuc dat da mém yéu, trir nudc, bun than hoac nit né nhiéu gap nhiéu
kho khin trong thi cong khong thé sir dung bién phap dao 10 thong thuong. Dé giai quyét van dé trén, mot
s6 mo da tién hanh thay d6i dang két ciu chéng hodc da thuc hién cong nghé khoan neo, khoan ép vira xi
ming v6i phu gia déng ciing nhanh truc tiép tir phia trong cac duong 16 da va dang dao dé gia ¢b duong 10
bi sap d6, hodc dat ¢4 mém yéu phia truéc guong khi dao vuot qua nhu Cong ty C6 phan Than Vang Danh
-Vinacomin, Céng ty Than Thong Nhat - TKV, Cong ty than Méng Duong - Vinacomin, M6 Khe Cham
III... Tuy nhién, cac két qua dat dugc mai chi I céc két qua ban dau, hiéu qua dat dwoc con han ché. Vén
dé nghién cau céc giai phap nang cao kha nang ty mang tai cua khéi da va do on dinh két cau chong cho
duong 16 dio qua ving dia chit phirc tap, dat da nit né, bo roi, mém yéu da duoc céc nha khoa hoc trén thé
gidi chl y va &p dung c6 hiéu qua. Qua téng hop phan tich cho thidy mét trong nhitng nguyén nhan dan tgi
hiéu qua dao 10 chua dugc nhu mong mudn vi thyc té trong thoi gian qua chiing ta xir Iy mat 6n dinh duong
10 méi chi ding & viéc str dung cac giai phap truyén thong c6 tinh don 1é ma chwa c6 nhiing giai phap tong
hop. Hon nira dén nay van chua c6 nhiing béo céo tong két, cong bd danh gia day du hiéu qua cua cac giai
phap da @ng dung. Ngoai ra, viéc chua c6 nhirng tiéu chuan va quy pham thiét ké, cac quy trinh thi cong
ban hanh con chua thuc sy don gian, ré rang dan dén viéc trién khai 4p dung con gap nhiéu khé khan. Xu
huéng nghién ctiu cua thé gidi 1a di sau vao viéc xay dung cadc mo hinh dy béo chuyén vi cia cac doan
dudng 16 dao trong khu vuc didu kién dia chat phuc tap, huéng nghién ciu thuc nghiém hién truong cling
dang duoc chd y. Trong nghién ciru nay, nhém tac gia s dung phuong phép phén tich tong hop, két hop
véi nghién cau thuc nghiém hién truong két dé ra cac nhom giai phap gia ¢ va chéng gitr chu dong nang
cao d6 on dinh va kha niang mang tai ciia khdi da xung quanh cac duong 10 khi khai thac xudng sau tai viing
than Quang Ninh. M6 hinh s dwoc xay dung mé phong qua trinh thay d6i d6 6n dinh cua duong 10 (théng
qua hé s6 an toan) s& cho thay cac hiéu qua cua céc giai phap mang lai. Qua d6 cho thay khi thuc hién dong
bo céc giai phap dé ra s& nang cao duoc hiéu qua dao 10, giam chi phi gia thanh don vi san pham va nang
cao hiéu qua von dau tu trong dao 16 va khai thac khi TKV khai thac xudng su.

Tir khéa: Lo nén ép manh; chdng gitr chu dong; khoan ép vira; gia ¢ chu dong; 6n dinh; bién dang.

1. D3t vén dé

Trong nhirng nim qua, Tap doan Than va Khoang san Viét Nam (TKV) mdi nam dao khoang hon 225
km dé dat dugc mdc 40 tridu tin nam. Tuy nhién, khi cd&c mé ham 10 khai thac xudng sau diéu kién dia chét
mé va diéu kién khai thac ngay cang phuc tap dan dén téc do dao cac duong 16 co ban va 10 chuén bi thap,
kéo dai thoi gian dua dién vao khai thac va anh huong dén hiéu qua kinh té cua céc du 4n. Nguyén nhén
chu yéu 1a do dic tinh co 1y cua cac loai dat da tai khu vuc c6 diéu kién dia chat phuc tap dé bi va vun
(slaking), trrong né (swelling), chiu nén ép manh, céc tinh chit co hoc phu thudc vao thoi gian, bién doi
thé tich. Theo khao sat, nhiéu duong 10 khai théng khi khai théac xudng sau dwoc xay dung trong cac loai
khdi d4 nay cho thay cac biéu hién pha hity va dich chuyén bién doi theo thoi gian sau khi dao do trudng

*Tac gia lién hé
Email: kienxdn@gmail.com
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g suit thtr sinh xung quanh bién 16 hinh thanh ngay sau khi khai dao, dac diém moi truong dat da xung
quanh (nhat 14 tac dong cua phay pha, nudc ngam)

Céc hién tuong gap phd bién cua biéu hién mat 6n dinh caa duong 10 trong qua trinh dao nhu sat noc,
sat guong hay & hong 10, dit da nén truorng né gay ra hién tugng bung nén....Mét nguyén nhan khac Ia
duong 16 chiu anh huong manh cua cac tang khai thac phla trén hoic khu vyc khai thac gan ké do méi
twong quan gitra khdng gian va thoi gian cua duong 10 véi cac cong trinh xung quanh (10 cho va cac duong
10 khac, khu vuce da khai thac trude d6). v.v. Hién tugng mat on dinh voi cac duong 16 dang trong qud trinh
sir dung thudng co cac biéu hién nhu nén, van khung chéng, bop méo, thu nho kich thusce tiét dien sur dung,
bung nén...Cu thé, tai mot s6 don vi cua TKV, cac duong 10 nam trong khu vuc khai thac bi mat on dinh
do &p lyc 16n bi bién dang, khong ddam bao yéu cau str dung; cling nhu kha néng thong qua va mirc do an
toan cho nguoi va thiét bi qua lai, do d6 khong dam bdo yéu cau san xuat. Hon nita cac duong 10 nay con
¢6 xu huéng bi nén bep va ngay cang bi bién dang thém. Vi vay, cong tac chéng xén nhimg doan 10 nay
khong thé tién hanh theo céc bién phap thong thuong do &p luc mo rat I6n va diéu kién dia chat phirc tap,
néu khéng c6 bién phap phu hop s& khong dam bao an toan khi thi cong.

Hién nay, cac biéu hién mat 6n dinh nay thuong dwoc xu Iy bang cac bién phap truyén théng nhu dat
dam nén, danh khuon, danh vang, danh bich. Tuy nhién, chi phi chdng xén I6n, mét thoi gian va lam giam
tién d6 dua duong 10 vao khai thac dan dén giam tinh hiéu qua cua dy &4n. Ngoai ra, mot s6 duong 16 sau
khi chéng xén xong van bi nén bep dan dén anh huéng I6n dén cong téc san xuat cia mo, cdng tac chéng
gilr gap nhiéu kho khan. Co thé thay rang, céc giai phap ky thut, cong nghé ap dung dé nang cao muc do
on dinh hoic xir Iy chéng xén chu yéu tap chung vao viéc lya chon khung chéng (thep) phu hop, khoan cac
156 khoan giai phong &p luc. Két qua ap dung céc giai phap nay nhin chung con rat han ché. Véan de quan
trong nhét khi lya chon, xay dung céc giai phap la can phai xac dinh, 1am rd nguyen nhan gay mat 6n dinh
duong 10, mic do va xu huéng ap luc tac dong 1én cong trinh. Qua d6 cho thay can ¢ nhiing giai phap
nang cao d6 6n dinh cua khdi da, két cdu chéng nham han ché anh hudng cua cac doan 10 méat 6n dinh ngay
trong qua trinh khao sat thiét ké, cling nhu c6 nhitng giai phap xu 1y hiéu qua khi dudng 16 di qua khu vuc
¢6 diéu kién dia chat phic tap din dén duong 1o mét 6n dinh sau khi st dung. ‘Do vay nhém nghién cuu
tién hanh nghién ctiu cc giai phap gia cé va chéng giir cha déng nang cao d6 6n dinh va kha ning mang
tai cua khdi da xung quanh cac duong 10 khi khai thac xudng sau tai viing than Quang Ninh.

2.Cosély thgyét va phuong phap nghién citu
2.1. Mgt sé biéu hién mat én dinh tai mo

Theo thdng ké trong toan TKV, sé mét 106 phai phai chéng xén, sira chita, chiém binh quan khoang
35+40%, dac biét moé Mao Khé Ién téi 85% (ndm 2006, mo dao duge 11.639,8m 10, nhung phai xén lai
9.929,8 m). Tai cdc m¢6 nhu cac duong 10 tai khu vyc san giéng muc -97,5 mo than Mong Duong, duong
10 thuoc mo Khe Cham, Ha long, Udng Bi, ty 1¢ nay cing rat 16n, 16n hon 50%. Mot s6 khu vuce khac nhu
Trang Bach va mot s6 mo cua Tong cong ty than Dong Bic...ciing gap nhiéu c4c hién twong dudng 10 mat
6n dinh twong tu. Theo thdng ké cho thiy, nam 2015 tai Mao khé c6 2798 m 16 dao trong da va 5295m 1o
dao trong than phai chéng xén nim 2015; con s6 nay twong tmg 13 2018, 9 va 4595,8m cho nam 2016. Nam
2017, khéi luong cac duong 10 phai chdng xén khi str dung khung chdng thép 1a 1424,9m cho 16 da va
5369m cho 16 than va cho cac dudng 10 chéng gé 1 652,8m, dan dén tong s6 1a 4595,8m cac duong 10 phai
chéng xén.Trong khi con sé nay tai mo than Ha Lam 1 3451m cho nam 2017 va tinh dén thang 10 nam
2018 da 14 2232,9m. Tai Mdng Duong hé thong cac duong 10 tai khu vic san giéng bi nén ép manh do phan
khai thac phia trén gy ra khién 611,3m nam 2017 va 2569,7 tinh dén thang 10 ndm 2018 phai tién hanh
chéng xén. Tinh trang ciing dién ra twong ty tai mo than Khe Cham véi 2047,4m 10 dao trong d4 va 1549,7m
dao trong than phai chéng xén nam 2017, va chi tinh dén hét thang 10 ndm 2018 thi s6 liéu twong ung la
940m va 3060m...Chi phi chng xén, stra chita cac dwong 10 rat 16n, bang khoang 30 + 60% chi phi dao
chéng 10 méi, gay ton kém va anh huong téi gia thanh san xuat. Ngoai ra, cac duong 10 mat 6n dinh, phai
chéng xén da anh huong dén té chirc san xuat, an toan ddi voi cac mo. Cu thé két qua khao sat mot sb
dudng 10 tai Cong ty than Nam Mau duoc téng hop nhu Bang 1 va Hinh 1.



Bang 1. Hién trgng

bi¢n dang va pha huiy ciia mét s6 dirong 10

STT Vi tri Kinh thuée Dic diém mat 6n dinh Dic diém dat da thanh 16
su dung
Hién trang 16 VD 4 d4 mirc +50 Cong ty than Nam Mau
1 TIK 95 Bsd =3,1m Phan hong bi nén ép, cac chan| Pa try V4 loai bt két xam
Hsga =3,0m vi bi ddy vao phia trong tring va xam den
khoang 30 cm
2 [1IK 25+T1IK 35 | Bsy =4,6m Pa xén méd rong voi muc dich | Pa try V4 loai bot két xam
Hsda =3,2m mo ngd ba. Phan hong bi nén | tring va xam den
S4=16,6m? | ép, cac chan vi bi ddy vao
Seg = 13,2 m? | phia trong khoang 20 cm;
phan noc va hong da duoc gia
¢d bang neo bé rong cdt thép
3 [1K 220=+TIK 23| Bsy =4,2m ba xén md rong voi. Phan | D4 tru V4 loai bot két 2m phén
Hsa =3,2m vom bi nén, cac tim chén bi | hong 1a d4 bot két xam den
S¢ = 13m? x0 lai. Phan hong bi nén ép, | =1-4 phan 16p 0,4-0,6m; Phan
Ssa = 11,5 m? | cac chan vi bi day vao phia | noc 1a da bot két xam tring

trong khoang 30 cm;

f=6-8; phan 16p 0,6-0,8m;

Hién trang 10 XV+125 Cong ty than Nam Mau

I1K 610-620

Bss =3,1m
Hsg =3,0m

S¢ = 16,6m?
Set = 13,2 m?

Buong 16 Xay dung tir 2004, d
1a van tai chinh, 6n dinh

D4 tru V4 loai bot két 2m ph?ln
hong 1a da bot két xam den
f=4-4 phan 16p 0,4-0,6m; Phan
noc 1a da bot két xam tring
f=6-8; phan lop 0,6-0,8m;

Hién trang 16 DV-89 Cong ty than Mao

Khé

Lo doc via than
phan tang

Bsg :3,1m
Hsg :3,0m

Sd = 16,6m2
Sed = 13,2 m?

Puong 10 dao trong than va da
try, phan hong bam vach mét
6n dinh cac khung chéng bi
déy vao phia trong; Cac chén
g0 phia sau khung chong thép
bi bé giy

2m phén hong 1a da try bot két
x4m den =4-6;

Hién trang 16 XV déa Cong ty than Udng Bi

1K 4625+ Bsi =4,6m Phan héng dao trong than bi| Phan nén 1a sét+ than xit; P4
T1K4647 Hsa =3,2m bop hong, cac chan vi bi ddy| tru bot két xam den f= 4-6;
S4=16,6m? | vao phia trong khoang 20 cm;| phan 1ép 0,2-0,4m va d4 bot
Ssi = 13,2 m? | phan vom 6n dinh két xam tring f=6-8; phan 16p
0,4-0,6m
1K 4050=T1K | Bss =4,6m DPudng 16 bi bién dang ca noc | D4 tru bot két xam den f= 4-6;
4065 (Doan da | Hs =3,2m va hong. Pugc khoan ép vira | phan 16p 0,2-0,4m va da bot
ép vita) S¢=16,6m? | giit 6n dinh, hién duong 16 | két xdm trang f=6-8; phan 16p
Sst = 13,2 m? | khdng bién dang nira. 0,4-0,6m
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Hinh 1. Mgt sé biéu hién pha huy tai dirong 10 doc via -89 V6 mé than Mgao khé (4nh chup bdi nhom
tac gid thuc hién dé tai)
The haulage main drift levelled -40
The 1st quarter, 2020, L =20m
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Hinh 2. Bdac diém phan lop dat da dwong lo dwong lo XVVTBT so 1 mirc -40 Cong ty than Nam Mau
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d) Mat cit 2-2

c) :
Hinh 3. Biéu hién pha hity dwong 16 dwong 16 XVVTBT s6 1 mirc -40 Céng ty than Nam Mau

2.2. Sir dung phwong phdp khoan ép viva dé én dinh dwong 10

Trén co s cac két qua khao sat tai hién truong, nhém nghién ciu tién hanh 1ap phuong an ning cao do
6n dinh cho dudng 10 bang t6 hop cac giai phap: xén dudng 10 bi bién dang dua vé kich thudc ban dau, xay
dung tuong phan &p bang vé chdng bé tong cét thép sau do tién hanh khoan ép vira.

Chéng xén dua duong 10 vé kich thude ban dau, d6 bé tong theo kich thude nhu Ho chiéu chéng 10 bang
v6 chéng bé tong lién khdi d6 tai chd dugc thé hién trén Hinh 4.
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Hinh 4. Hp chiéu chong 16 bang bé tong cot thép lien khoi lwu vi

Khoan ép vita gia ¢b dudng 10: Tién hanh khoan ép vira cho dudng 16 sau khi vé chdng bé tong du do
bén thiét ké (it nhat 1a sau 28 ngay). Viéc tinh toan thiét ké khoan, ép vita chi dwoc tién hanh trén timg doan
sau khi di xén, chdng lai bang vi thép SVP 27 dé c¢6 thong sb hinh hoc theo thiét ké va d bé tong cot thép
lién khéi luu vi gia cuong. Khi d6, duong 160 XVVTBT s6 1 mirc -40 ¢6 hinh dang va kich thudc mit cét
ngang sir dung nhu trén Hinh 4.

- Xdc dinh chiéu sau 16 khoan phun ép vira (L): Chiéu sau ving khoan ép vita xi ming gia ¢ phu
thudc vao diéu kién dia chat mo, dac diém ving dét d4 bi pha huy xung quanh 16 va dudng kinh duong ham
hoic lay theo cong thic thyc nghiém. Trong thiét ké nay, chiéu sau 16 khoan ép dugc xac dinh theo cong
thae thuc nghiém:



L>(0,7+0,8)xB ;m 1)

Trong d6: B - chiéu rong khai dao cua duong 10, B=5,57m;

Thay vao (1) véihé s5 0,8 taco : L > 0,8x 5,57 > 4,46m. Can ctr vao thuc té, doan 10 nay cua duong 10
XVVTBT s6 1 muc -40 c6 chiu ap luc cua khu khai théc do c6 10 chg dang khai thac & phia trén, nén dé
dam bao d¢ an toan ta ldy chiéu sau 15 khoan 12 5,3m; vi 16 khoan duoc khoan nghiéng mét géc 62° so Vi
truc dudng nén 16 khoan c6 chiéu dai Lg = 6m.

- Xdc dinh dwong kinh 16 khoan: Buong kinh 16 khoan c6 thé giao dong tir 50 + 105mm tly thudc vao
loai thiét bi khoan. Phii hop véi thiét bi phé bién hién hanh tai va trén co s& sir dung thiét bi mo da co,
ching t6i lya chon duong kinh 16 khoan phun ép vita xi mang gia ¢ la 75mm.

- Xdc dinh khodng cach gia cac 16 khoan: Khoang cach giira céc 16 khoan khi khoan ép vira xi mang
gia ¢ dugc xac dinh chii yéu dya vao d6 thim nudc cia d4, mirc d6 phé hiy va ap luc phun xi miang. Do
khong to chirc cong tac ép nudc thi nghiém xac dinh d6 tham khi thiét ké nén trén co s kinh nghiém, so
bo lwa chon khoang céach giita cac 16 khoan trong mét vong khoan theo chu vi 1a 1,0m va khoang cach giira
cac vong khoan ép vira doc theo truc duong 10 1a 1,5m. Khoang cach nay ciing c6 thé s& dugc diéu chinh
dua trén co so két qua khoan ép vira thuc té ngoai hién trudng. Vay, kich thudc mang 16 khoan ép vira so
b6 lya chon la: (1x1,5)m.

- Xdc dinh sé 16 khoan ép vira trén mgt mgt vong khoan ép vira:

Vi &p lyc ndc 16n va dé giam kha nang truot cua khdi dit d4 nang try truot tam giac bén hong 10, ching
t6i lya chon vi tri 15 khoan dau tién cua vong khoan ép vira cach nén 16 80cm.

+ Chiéu dai b tri 15 khoan, ép vira theo chu 10 (Lk) dwoc tinh theo cong thic (2):

Ly =2(h, — 0,8) + T x =4 m )
Trong d6: ht- chidu cao phan tuong, hy =1,0m; Bss - Chiéu rong vom theo tiét dién sir dung, Bsy =4,77m;
Thay s6 ta co: Lk = 7,9m;

+ S luong 16 khoan trong vong neo (Nx) tinh theo cong thic (3):

N = %" +1,13 ©)

Trong d6: Li- chiéu dai bd tri 16 khoan, ép vira, Lx=8,01m; a- khoang céch giira cac 16 khoan trong 1
vong, a=1m. Thay s6 vao cong thuc (3) cd Nk = 8,9 13;

+ S 15 khoan thuc té b tri dwgc 1am tron 12 (Ng): 9 16.
+ Khoang céch thuc té (ay) gitra cac 16 khoan trong mot vong khoan ép vira duoc tinh theo cong
thac (4):

_ _Lk
Qe =y 10 m (4)

O day: Li- chiéu dai bd tri 16 khoan, ép vira, Lk=8,0m; Ny- s6 16 khoan thuc té bé tri trong mot vong
khoan ép vita, Ny=9. Thay vao (4) ta c6 ayx=0,9m. Lam tron a;=1,0m.

+ Tuy nhién dé nang cao kha niang tu mang tai cua khbi dat da noc 16 va khdi truot bén hong 10 sau khi
gia ¢b, chung t6i ldy khoang cach 16 dau tién va cudi ciing ctia vong 16 khoan (gan nén 10) t&i 16 1ién ké 1a
1,1m. Khoang cach tir 15 khoan & chinh giira dinh vom sang 2 15 1ién ké& 2 bén 1a 0,9m. Khoang cach cac 15
khac con lai 1a 1,0m (4p dung cho nhitng doan khong c6 thanh gidng néc). Ho chiéu khoan ép vita cho
dudng 16 dwoc thé hién trén Hinh 5.

L& khoan bom ép gla cudmg Vong than, 48 yéu

le_. V6 bé thag e thép M200
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Hinh 5. H chiéu khoan ép vita
2.3. Md phéng sé qua trinh khoan ép viza dé én dinh dwong 10

D¢ hiéu 1am rd nhimg lgi ich ctia qua trinh khoan ép vira duong 10, nhom nghién ciru tién hanh mé phong
) qué trinh trén. Kich thudc duong 10 duge chon nhu kich thudc thyc té. Béng mé hinh s6, hiéu qua cua
cong tac khoan, ép vira da duoc khao sat. Két qua ciia md hinh s trén cac Hinh 6, Hinh 7 va Hinh 8 cho
thay @ Ung sudt va chuyén vi gay ra trong khdi da xung quanh. N6 ciing cho thdy mo6 dun Young (E) tang gap
1,25 1an so véi trudce khi ép vira bang xi mang siéu min (Giai doan 2) va tang gap 1,5 lan so véi trude khi
bom vira bang xi mang siéu min (Giai doan 3 ). H¢ s6 an toan vé do bén cua khoi da sau khi bom vira duoc
in san trén Hinh 8. Hé sé strc bén cua khéi da 6 noc, hong 16 & giai doan 2 16n hon 1,0, nhung hé s sirc
bén cia khéi da & mot sé diém ¢ nén trai duong 1o nho hon 1,0 (Hinh 8). H¢ sO an toan cua khoi da ¢ giai
doan 3 cao hon giai doan 2. Qua Hinh 8.b cho thay tat ca cac diém xuang quang bién 10 déu cao hon 1,0.
Do véy kha ning chiu tai trong bén ngoai ctia khéi da sau khi bom vita duge dam bao.

Bdng 2. Cdc théng sé co' Iy ciia khoi da xung quanh dwong 16 trude khi khoan ép vita

Céc thong sb Ky hiéu Gia tri Pon vi
Trong lugng thé tich y 0,26 MN/m3
D6 bén kéo ok 0,5 MPa
Luc dinh két C 0,025 MPa
Goc ma sat trong [0) 35 bo
Md dun Young E 1000 MPa
Hé sb Poisson 1 0,30 -
Goc gidn né v 0 bo
Tiéu chuin bén Mohr-Coulomb - -
b)

Hinh 6. M6 phong vimg va phd hiy (a) va gid tri vmg sudt xung quanh dwong 16 (b)



Hinh 7. M6 phéng gid tri chuyén vi ciia duong 10 (a), cdc bude mé phong qud trinh khoan ép vita (b)
b)
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Hinh 8. Hé s6 an toan do bén tai stage 2 (a) va hé 56 an toan dé bén tai stage 3(b)

3. Két luan

Trong su phét trién chung cia Tap doan Cong nghiép Than - Khoang san Viét Nam véi yéu cau hiéu
qua cao trong san xuit kinh doanh, an ninh ning luong, cong tac dao chéng 16 ngay cang dwoc dau tu di
vao chiéu sau tir hoan thién cong nghé, quan Iy ky thuat, nang cao trinh d6 tay nghé. Song song vai cong
tac dao chdng 10; trong nhiéu nam tré lai ddy TKV da cho phép nghién ctru va &p dung céc giai phap, cong
nghé thi cdng méi nham giam thiéu sb luong mét 10 phai chdng xén tai cac don vi san xuat than ham 10.
Nh6m nghién ciru da tién hanh thyuc hién dong bo cac giai phap nham xi 1y cac duong 10 bi bién dang pha
hity tai cong ty than Nam Mau, Mao khé, két qua nghién ctu tai dwong 10 XVVTBT s6 1 muc -40, cong ty
than Nam MAu 1a mot vi du dién hinh cua cac giai phap trén. Qua danh gia budc dau cho thay hiéu qua
mang lai khi d6 bén va d¢ 6n dinh duong 16 dugc khang dinh qua mé hinh s6. Két qua nghién ctru trén day
méi 1 nhiing két qua thir nghiém bude dau, dé c6 nhimng danh gia cy thé hon, dua ra quy trinh quy pham
&p dung vao san xuit can cé nhitng nghién ciru, theo dai nhiéu hon trong thoi gian téi.

Loi cam on

Céc tac gia ghi nhan nhitng dong gop ciia Tap doan Than va Khoang san Viét Nam-TKV, Cong ty c6
than Uéng Bi, Cong ty than Mao Khé, Céng ty than Nam mau da tao diéu kién cho nhém nghién ciu khao
st thyc hién phan nghién ctu thyc ngiém dé hoan thién nghién ciru nay.
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ABSTRACT

Research on solutions to reinforce and improve load carrying capacity
of the rock mass around underground mine drift through complex
geology conditions in Quang Ninh coal area

Dang Van Kien*", Ngo Doan Hao?, Do Ngoc Thai*, Pham Tuan Anh? Ngo Ha Quyen?
! Ha Noi university of mining and geology
2 Vinacomin industry investment consulting joint stock company

The stability of deep underground mine drift is pivotal to sustainable safe mining in underground coal
mines. The main objective of this research is to determine the stability and drifting safety issues in 500-m-
deep deep underground mine drift through complex geology in the Quang Ninh coal area. The laboratory
experimentation, and field measurements were used to analyze the large deformations and failure
characteristics of the surrounding rock, the influence factors of safe excavation and stability of deep
underground mine drift, and to study the stability control counter measures. This study also shows the main
factors influencing the stability and drifting safety include complex geology zones, high in situ stress, poor
mechanical properties and engineering performance of the argillaceous rock mass. According to the field
study, the groutability of cement-matrix materials in the argillaceous rock in the complex geology zones
were extremely poor, and deformations and failure of the surrounding rock were characterized by dramatic
initial deformation, high long-term creep rate, obviously asymmetric deformations and failure, rebound of
roof displacements, overall loosened deformations of deep surrounding rock on a large scale, and high
sensitivity to engineering disturbance and water immersion. Various geo-hazards occurred during the
underground mine drift excavation, including roof collapse, groundwater inrush. Control techniques are
proposed and should be adopted to ensure drifting safety and to control the stability of deep underground
mine drift through complex geology zones, including choice of reasonable drift shape, reasonable support
type, steel sets, regional strata reinforcement technique such as ground surface pre-grouting, primary
enhanced control measures, grouting reinforcement technique, and secondary enclosed support measures
for long-term stability, which are critical for ensuring the sustainable development of the underground coal
mine.

Keywords: Deep underground drift; argillaceous rock; complex geology; underground coal mine; drift
excavation; drift deformation; grouting, stability.
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Nghién ciu sir dung tro bay ciia nha may nhiét dién ché tao két cau
chong gitr cac duong 10 khi khai thac xuong séu tai vung than Quang
Ninh
Dang Vian Kién*, V6 Trong Hung®, D5 Ngoc Anh! Pham Tuan Anh?, Nguyén Tién Manh?, Truong Vin Ha®
! Truong Pai hoc M6 - Pja chat

2.Cong ty c6 phan tuw van dau tw mé va cdng nghiép ‘
8Hoc vién cao hoc Khéa K38 nganh Ky thugt Xay ding Cong trinh ngam

TOM TAT

Hién nay tai cac mo ham 10 cua Tap doan than khoang san Viét Nam (TKV), sé luong cac duong 10
chéng bang vo chdng bé tong lién khéi ting nhanh do ting d6 sau khai thac va viéc ma cac dién khai thac
méi (Mo Ha Lam, Mao Khé, Khe Cham 11, NGi Béo, Nam Mau...) di qua ving dia chat c6 diéu kién dia
chat phuc tap nhu phay pha, dat gdy, bung nén, duong 16 c6 bién dang Ién trén bién, dudng 16 dao qua
viing chita nudc... Tai cac duong 10 chinh, giéng dung, nga ba, san ga... cua mé ham 10, két cau vo chdng
bang vo bé tong lién khdi hozc lap ghép can duoc st dung vai chidu day 1on. Véi cac cong trinh cé quy mo
I6n nhu giéng dimg c6 do sau lon dén hang nghin mét khi khai thac xudng sau, dan dén khéi lwong vt liéu
bé tong st dung Ia rat I6n hang triéu m3 bé tong lam tang chi phi vat lidu va chi phi van chuyén vat liéu dén
vi tri @6. Vi vo chdng bé tong lap ghép, do kich thudc va khdi lwong I6n dan dén khé van chuyén, mang
Véc va chdng trong diéu kién chat hep ciia cac mo ham 10 Viét Nam. Ngoai ra, véi diéu kién ham 10 4m uét,
nuéc ngam chira cac goc axit (SO4)-2; Cl-1 an mon cbt thép rat nhanh dan dén pha huy két cdu vo chéng
do vay doi hoi bé tong co do min va tinh cach nudc cao hon, trong khi cac vat lidu truyén thong dé ché tao
bé tong chura khic phuc duge. Tro bay duge dénh gia cao bai né 1a mot phu gia dac biét cho bé tong, c6 the
thay thé 20% -30% xi mang trong bé tong. Khi b6 sung tro bay, n6 s& gip khir voi trong xi mang (thanh
phan gay "nd", lam giam chat luong bé tong, dic biét 1a bé tong trong mdi trudng nudc, am wét nhu moi
trudng mo ham 16). Do c4u tric min cia minh, tro bay ciing lam ting cudng do cua bé tong va lam ting do
nhét cua vira, gilp bé tong chui vao cac 15 r6ng dé dang tiang tinh min cho két ciu va gilp chong thim tét
hon. Véi gia thanh ré hon xi mang (hién khoang 720.000 dong/tan), viéc thay thé tro bay trong bé tong
cling giup giam dén 30% gia thanh. Khdng nhitng thé, viéc bd sung tro bay gitp xi mang dat chat lugng
cao hon. Tir mac M300, c6 thé 1én dén M700, tham chi M900, chinh vi vay cho phép giam kich thuéc va
trong lugng vo bé tong lién khéi d6 tai chd va cac tim bé tong duc sin khi ciing cudng do va do bén. Ngoai
¥ nghia ve mat |y thuat, kinh té da phan tich ¢ trén, viéc s dung cua nha méy nhiét dién ciing tao ra hiéu
{rng tich cuc vé mat méi truong. Do vay, viéc nghién ctu sir dung tro bay va xi cia cac nha may nhiét dién
ché tao vo chdng bé tong lién khdi chdng gitt cac mo ham 10 khi khai thac xudng sau tai Viét Nam 1a hét
sirc can thiét va cip bach nhiam nang cao hiéu qua cho cac dy an khai thac, dong thoi sir dung ngudn chat
thai I6n cua cac nha may nhiét dién gop phan Ion vao viéc bao vé méi trudng. Bai bao trinh bay mot sb két
qua caa nhém nghién ciru st dung tro bay ché tao két cdu chéng cac mo ham 10 khi khai thac xudng sau tai
vung than Quang Ninh.

Tir khéa: Tro bay; tim chén 10; ham 10; két ciu chéng 0.

1. D3t vin dé

Hién nay, EVN dang s& hitu va van hanh 12 nha may nhiét dién (NMND) than. Trong dd, c¢6 10 nha may
dung than san xuit trong nudc dwoc cap tir Tap doan CN Than - Khoang san Viét Nam (TKV) va Téng
cong ty Pong Bic. Cac nha may dang than nhap khau 1a NMND Duyén Hai 3, Vinh Tan 4 va téi day la
Duyén Hai 3 mg rong va Vinh Tan 4 mé rong sir dung than bituminos va sub-bituminous. Tong khéi luong
than sir dung trung binh nam 1a khoang 34 triéu tn, trong d6 than ndi dia 1a 25-27 triéu tan va than nhap
khau 1a 9-10 triéu tan. Tong khdi lugng tro xi cia cac NMND cua EVN phét sinh trung binh trong mot nim
1a 8,1 triéu tan. Hién tai, luong tro xi cia mot sé Nha may nhiét dién da co6 phuong an xtr Iy nhu lam vat

*Tac gia lién h¢
Email: dangvankien@humg.edu.vn
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lieu xay dyng, san xuat bé tong dam lan tai mot s6 du an thay dién, tuy nhién tai mot s6 nha may luong tro
xi d dat toi da cong suat ciia bai thai nhu Méng Duong 1, Vinh Tan.... Khung chdng thép (bang thép long
méng -SVP, thép chit I hay duong ray..) véi chén 16 bang tim chén bé tong cbt thép hoic chén gb dang
chiém 60-70% cac loai hinh két ciu chdng 16 & mé ham 10, do d6 khéi lugng vat liéu két cdu chdng 10 st
dung hang nam la rat lon khi trl]ng binh m&i nam TKV dao 230 dén 250 km dwdng 10. Viéc chong 10 bfing
chiém kha nhicu thoi gian do cc tm chén c6 kich thudc va khdi lugng lon, ngoai ra do tim chén co két
c4u dang thanh nén dé bi hu hong trong qua trinh van chuyen va sir dung, dan dén phai chong chen lai lam
tang chi phi va thoi gian dao 10. Ngoai ra, hién cac mo ham 1o déu dang xuong sau dé mo rong dién khai
thac dam bao san lugng dan dén cong tac van chuyén vat liéu va két cau chdng 10 gap nhiéu kho khan. Do
vdy, viéc giam kich thudc va khdi luong tam chén s& gép phan giam kho khin cho cong tac thi céng, giam
thoi gian chdng giir qua d6 day nhanh dugc tée do dao 10. Ngoai ra, viéc nghién ctru ché tao tim cheén 10 tir
tro xi nha may nhiét dién trong cac don vi ciia TKV chua dwoc cha y, do vay day 1a van dé nghién ciu c6
tinh chat méi. Két qua nghién ctru cia nhom dé tai cho thiy: Tro bay dugc danh gia cao bai nd 1a mot phu
gia dic biét cho bé tong, c6 thé thay thé 30% xi ming trong bé tong san xuat tam cheén 16. Khi bo sung tro
bay s& gilp khtr voi trong xi méng ("nd 6", 1am giam chét luong bé tong, dic biét 1a bé tong trong moi truong
nuéc, am udt nhu moi truong moé ham IO) Chinh vi vay, cho phép giam kich thudc va trong lugng tim
chén khi cing cudng d6 va do bén va ning cao d6 bén va kha niang mang tai cia tim chén khi sir dung tro
Xi nhiét dién. Trén co s& d6 nhém nghién ctru da dua ra quy trinh tinh toan cip phdi bé tong ché tao tam
chén 10 sir dung tro bay thay thé xi mang, thiét ché, ché tao tim chén 10 tir tro xi ciia nha may nhiét dién
thay thé cho xi mang; ap dung thir nghiém thanh cong tam chén 10 bé téng cdt thép vai budc chdng va didu
kién ap luc mo dién hinh tai hai dwong 10 cia Cong ty than Mao Khé.

2. Co s ly thuyét va phwong phép nghién ciru )
2.1. Tinh hinh nghién cizu si# dung tro bay trén thé gigi

Viéc nghién ctiu st dung tro bay ciia nha may nhiét dién da duoc thyc hién trén thé gigi tir nhitng nam
1930, cac nudc phat trién dang sir dung c6 hiéu qua toan bo tro xi trong xay dyng, giao théng, cong nghiép
phan bon, chi mot s it 1a bi phé bo. DI vai nudc ta, sy ra doi cua cac nha may nhiét dién trong thoi gian
gan day dan dén nhirng lo ngai vé méi trudng, dién tich bé chira va chi phi xir ly tro xi. Cong tac nghién
ctru tng dung tro xi ciing da dugc cac nha khoa hoc chl y nghién ciru trong mudi nam tré lai day. Tro xi
da dwoc sir dung trong mét s6 linh vuc nhu thiy dién, giao thdng va san xuat xi mang...d3c biét da chi y
trong san Xuit bé téng cho céc cong trinh xay dung dan dung va cong nghiép. Van dé st dung tro xi dé thay
the mat phan cac vt liéu truyén thong trong ché tao va su dung két cau chéng gitr mo ham 16 van la mot
van d& mai mé. Trong béi canh cac loai vat liéu xay dung truyén théng ngay cang can kiét, gia thanh cao
thi viéc nghién cau sir dung cac loai phé thai nhu tro xi nha may nhiét dién, da tai cac béi thai - vat liéu phi
truyén thdng 14 xu hudéng phi hop véi hudng di cua thé gisi va diéu kién cia nuéc ta nham giam nang cao
hiéu qua san xut khai thac va gép phan bao vé moéi truong. Trén thé gisi s lugng chat thai va ti 16 % tro
bay téi sir dung dwoc thé hién trén Bang 1 (Vién KH cong nghiép, 2018).

Bdng 1. Tinh hinh phat thdi va sir dung phé thdi nhiét dién trén thé gigi (Vién KH cong nghiép, 2018)

Nuookhu | sé | Mond chat | Luong tai . v
T vue licu nim _t ai su dung Céc tng dung chu yéu
i j (triéu tan) (%)
2017 Phu gia khoang cho bé tong, vira; vat liéu dap
1 My 110 52 nén; Hoan nguyén mo; Tam thach cao; Phu gia,
Phu gia khoang cho bé tong, nguyén liéu cho xi
2 | 15nu6c EU | 2016 48,3 91 mang, tam thach cao; phu gia khoang cho xi
mang
3 Nhat 2016 1 9% Nguyen liéu, Ehl;l gia khoang cho xi mang, phu gia
khoang cho bé téng
4 | ThaiLan 2016 3 84 Nguyen liéu, E)hlAl gia khoang cho xi mang, phu gia
khoang cho bé téng
z Nguyén liéu, phu gia khoang cho xi méang, phu gia
5 | Trung Quoc | 2017 440 67 khoang cho bé tong; gach bldc bé tong
6 | HanQuéc | 2016 - 77 -
7 An do 2019 165 62  |Gach blic, xay dung dudng, san Xuat xi mang
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. £ Luong chat | Lwong tai
Nuéckhu | S6 ong. 1ong . o
. thai st dung Céc ung dung chu yéu

TT vuc liéu nam s
(triéu tan) (%)

Phu gia xi mang, san 14p mat bang, gach lock,

8 Australia 2018 12,8 42 o S
dap nén.

Tro bay dé duogc sir dung thay thé mot phin xi mang nham giam trong lugng két cu, ting d6 min trong
bé tong va kha ning chéng an mon nhu sur dung tiép xdc I6n ching han nhu san va cdu cia cau Skyway
cua Vinh Tampa, Florida, Hoa Ky, ciing nhu st dung trong bé tong san va két ciu duong cua Ballabgarh
Campus (https://www.fhwa.dot.gov/pavement/recycling/fach03.cfm). Buong ham séng St. Clair méi dugc
xay dung vao nam 1993-1994 giira Sarnia & Ontario va Port Huron & Michigan (Hinh 1.1.a). Tai khu vuc
duong ham di qua, nuéc ngam chia clorua va sunfat, d6 sau nuéc ngam trong khu vuc 1a 35 m din dén
viéc can lya chon két cau vo ham lap ghép phai ¢ kha nang khuéceh tén clorua va han ché d6 tham, do dé
két cAu vo bé tong Iap ghép c6 str dung tro bay thay thé mot phan xi mang da duoc lua chon. Bé tong dugc
san xuit tai mot nha may bé tong tron san tai dia phuwong va giao trong mot may tron trung gian dén nha
may bé tong diic sin. Bé tong tro bay dap tng cac gigi han cudng do va tinh thAm nhung thuong khéng
dap tng hé sé khuéch tan clorua sau 120 ngay. Ngoai ra, tro bay duoc sir dung lam bé téng lién khdi tai dy
an ham metro Delhi Metro Rail Corporation nhu (Hinh 1.1.b) (https://www.ntpc.co.in ).

a)Vé chong diic san cho dwong ham xay dung ) Tro bay duwoc sir dung lam bé tong lién khoi tai
duéi sbng St. Clair giiza Sarnia, Ontario va Port  diz &n ham metro Delhi Metro Rail Corporation
Huron, Michigan, Hoa Ky (https://www.ntpc.co.in)
(http://iwww.vncold.vn//Content.aspx?distid=839

)
Hinh 1. V6 chong duwong ham si dung tro bay

0~ ats ¥ D'

a) Bdp Notch, trén sdng Montreal  b) Pdp Ghatghar (4n Dg) ¢) Bdp Beni Haroun Dam trén

tai ho Timiskaming ¢ tinh Ontario,  (https://Awww.ntpc.co.in) song Elkabir (4n D)

Canada (Michael Thomas, 2007) (https://www.ntpc.co.in)
Hinh 2. Sir dung tro bay dé xay dung ddp thiy dién trén thé gidi
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bap Notch (Canada) va dap Ghatghar, dép Beni Haroun Dam trén song Elkabir (An Do) (Hinh 2) 1a mot
trong vo s6 cac dap dugc xay dung tur tro xi cua nha may nhiét dién & khip noi trén thé gidi trong d6 két
céu bé tong dugc ché tao tir cot ligu bé tong cd sir dung thém véi tro bay lam than dap nhu 1a mot bign phéap
ngan chan sy gidn né va hu hong do sy pha hay cua kiém-silica. Con déap, duoc hoan thanh vao nim 1969,
nam trén song Montreal tai hd Timiskaming ¢ tinh Ontario, Canada.

Trong qua trinh tinh toan, thi cong va nghiém thu, phuong phap thir nghiém theo tiéu chuan ASTM C289
cho thay kha nang chdng lai sy phé hity cua kiém - Silica ciia ¢t liéu va Phuong phép thir nghiém theo tiéu
chuian ASTM C227. Bé téng tro bay ciing con dugc st dung dé dé xay dung toa nha Khoa hoc may tinh
cua dai hoc York, Hoa Ky hay Toa nha Prudential Building ¢ Chicago (M¥). T6 hop chung cu cao tang
Bayview duoc xay dung tai Vancouver gitra nam 1999 va 2001 va bao gom 30 tang nha & va khoang 3000
m? cuia khong gian thuong mai.

2.2. Tinh hinh nghién cizu si dung tro bay tai Viét Nam

Tai Viét Nam, theo thong ké ciia Tong cuc Ning lwong (Bo Cong thuong), ca nuée hién c6 19 nha may
nhiét dién chay than dang hoat dong, véi lugng tro xi thai ra khoang 14,4 triéu tin/nam. Dy kién, dén nam
2022, s& c6 khoang 43 nha méy nhiét dién chay than, vai luong tro xi thai ra khoang 29 trigu tAn/nam.
Luong tro xi ngdy cang ting da gay lo ngai vé viéc khong du bai chira tro xi va 6 nhiém moi trudng vi hién
nay, lugng tro xi méi tiéu thu dugc khoang ba dén bon triéu tin/nam, chu yéu sir dung lam vat liéu khong
nung, nén dap mot sé thuy dién nhu Son La, dudng giao thong... Trong khi d6, & cac nuée phat trién, phan
I6n tro xi nhiét dién da duoc nghién cuu, tai sir dung 1am bé - tong va phu gia xi-mang. Thong ké khdi
lwong ro xi thai ra tai cac nha may nhiét dién cua Viét Nam duoc thé hién trén Bang 2.

Bang 2. Thong ké khai lwong ro xi thdi ra tai cac nha may nhiér dién cua Viét Nam
(http://www.vncold.vn/Web/Content.aspx?distid=839)

Dién tich bdi | Khdi luong tro Tong khdi S n3m con
TT NMND tro xi dugc Xi thai ra luong dang 0 chira. na
X P , £ u chira, ndm
cap, ha tr.tan/nam chtra, tr.tan

1 Pha Lai 27,7 0,802 0 25,0

2 Ubng Bi MR 29,0 0,337 0,75 4,5

3 Quang Ninh 15,0 0,945 4,80 7,0

4 Hai Phong 56,0 0,949 1,0 3,0

5 Nghi Son 1 74,7 0,359 0,85 6,3

6 Vinh Tan 2 38,37 1,371 3,90 2,9

7 Vinh Tan 4 - 0,544 - -

8 Duyén Hai 1 31,0 1,006 1,73 14

9 Duyén Hai 3 29,0 1,112 0,065 9,6
10 Mong Duong 1 24,0 1,125 1,70 0,8

11 Na Duong 1 57,6 0,485 2,002 15,0
12 Cao Ngan 4.4 0,260 1,806 10,0
13 Son Pong 2,2 0,605 2,020 4,0

14 | Pong Triéu 24.0 1,048 1,255 7,0

15 | Cam Pha 1+2 47,0 1,530 5,535 6,0
16 Noéng Son 10,7 0,052 0,108 25,0

Tong 12,530 27,521

Trong thoi gian qua Vién Khoa hoc Cong nghé Mo - TKV ciing da nghién cau st dung tro, Xi thdi cua
mot sb nha may nhiét dién thuoe TKV dé san xuit vat liéu xay dung, két cdu chbng 10 nhu bé tong phun.
Trén co s& cac két qua nghién ctru, nhom thuc hién dé tai caa Vién Khoa hoc céng nghé M6 d tién hanh
ap dung thtr nghiém tro, xi nhiét dién dbt theo cong nghé ting s6i tudn hoan ciia mot sé nha may nhiét dién
TKV tai duong lo xuyén via + 30 Cong ty than Hong Thai. Poan 1 thir nghi¢m c6 chiéu dai 100m nam
trong d4 c6 d¢ kién cd f = 4-6 la loai bot két. Chiéu day 16p bé téng phun trung binh khoang 3cm. Chi phi
xi ming cho 1m? bé téng phun tir 380 - 400kg. Dé giam lugng bam dinh gay tic duong 6ng va giam do
nhét ciia vira bom nhung khong giam cuong d¢ cta vo bé tong phun, nhom thyc hién dé tai da sir dung cap
phéi bé téng phun bao gém xi mang: cat tho: nudc. Két qua do bén nén khi thi nghiém hién truong déu dat
theo thiét ké (180-200 kG/cm?2) (Pham Tuan Anh va nnk, 2020).

Str dung vo bé tdng phun cbt liéu xi nhiét dién mang lai hiéu qua kinh té, xa hai tich cyc, c6 thé sir dung
phan 16n xi thai két hop voi mot lwong cat xay dung dé phun. Bé chét luong vo bé tong phun cao can sir
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dung phu gia hoa déo, phu gia hoa siéu déo dé ting d6 bén kéo, ciing nhu tinh dan hoi cia vo bé tong phun.
Viéc str dung triét dé tro, xi thai gop phan han ché bai chira, nhung co ban la giam thiéu tinh doc hai do tac
dong cua tro, xi thai ddi véi moi trudng va ddi véi doi sdng ciia nguoi dan gan cac nha may nhiét dién.

Phan gigi thiéu trén 1a mot s6 it cac hudng nghién ctu sir dung tro bay trong ché tao két ciu chdng gitr
cac duong 10. Trén co s¢ phan tich, tong hop nhém nghién ciu nghien ctru sau V& viéc sir dung tro bay cua
nha may nhiét dién dé ché tao tim cheén 10. Tam chén sir dung cung vai khung chéng thép (Long mang
SVP, thép chit I, thép duong ray) (Hinh 3) chéng gitr 60-70% cac duong 1o trong mo, do dé hang nam sb
luong tdm chén sir dung la rat 1on. Viéc khai thac xudng sau véi do sau 400-500m dan dén tang chi phi cho
viéc van chuyén khung chng va tim chén 10.

Hinh 3. Hinh anh tdm chén bé tong cot thép sir dung thuec té (a); mo hinh tinh tdm chén (b) va so do tdi
trong ddt dd tac dung 1én tam chén (c)

Trén co sé nghién ciru phuong phap tinh toan cap phdi bé tng, nhém nghién ctru dwa ra quy trinh tinh
toan cip phdi nhu bé tong st dung tro bay dé ché tao tim chén mac M200 nhu trong (Pang Van Kién,
2019, 2020). Két qua cho thay khi tro bay chiém 30% thay thé xi méng thi bé tong dat d6 bén cao nhat vai
d6 tang phan tram cip phdi nhu Hinh 4 va so sanh cap phéi nhu Bang 3 Pang Van Kién, 2019, 2020). So
sanh cap phéi bé tong thudng va bé tong sir dung 30% tro bay thay thé xi mang:

—
=]

Phiin trim tang, %
S =N WA A ®e

10%, 20%,

30%, 40%
Ham lwong tro bay thay thé xi ming trong bé tong %

#Dj bén nén & 28 ngay ¥ D§ bén udn & 28 ngay

Hinh 4. Biéu d6 tang phan tram dg bén khi so sanh véi dg bén cia mdu doi ching ¢ 28 ngay véi cac
ham lwong tro bay thay thé xi mang khdc nhau

Bang 3. So sanh cap phdi bé téng thirong va bé tdng cé tro bay thay thé xi mdang
(Dang Van Kién, 2019, 2020)

So sanh cap phdi bé téng

Cép phdi bé tong sir dung 30%

Cép phéi bé tong thuong QD sb

thuong va bé téng su dung tro thay thé tro bay 47/2001/ QB-BCN ngay
bay thay thé 24/10/2001 cua Bo cong nghiép

Xi mang PC 30 (kg) 193,83 342,0

P4 rim 1x2 (md) 0,68 0,867

Cét (m®) 0,492 0,455
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Nudc (lit) 195,0 185,0
Tro bay (kg) 83,07 0
Phu gia hoa déo (lit) 5,0 0
Tong (kg): xi mang + d4 + cat

+ tro bay 2260,47 2298,0

Két qua nghién ctru d¢é tai cho thay ti I¢ 30% tro bay thay thé xi mang trong bé tong M200 ché tao tam
chén 12 hop ly vira dam bao d¢ bén yéu cau ky thuat vira mang lai hiéu qua kinh té nhu tiét kiém 37,53 kg/
m3 bé téng (Bang 3).

So dd tinh toan tim chén: Tdm chén ciing dwoc coi nhu mot dam dit trén hai gbi tya, khoang cach gitra
hai gi tya bang khoang céch giira hai vi chng L. Khi tinh toan thuong tinh cho tam chén ¢ chinh giita néc
rdi 1y chung cho ca chén hong. TAm chén luén duoc gia dinh chiu tai trong phan bb déu vai chiéu cao cot
dat da 1ay bang chiéu cao vom pha huy trén néc duong 10 (bs). Tam chén ¢ giita noc 16 (dinh vom) chiu tai
trong I6n hon c4, do vay dé dam bao an toan ta tinh toan chiéu day cho tim chén nay. Chiéu day cac tam
chén khéc ldy bang chiéu day tim chén d6. Chiéu dai chiu lyc cua tim chén chinh bang khoang céch gitra
cac khung chéng. Khi dé, tAm chén duoc coi nhu mot dam dit trén hai gdi tua, khoang céch gita hai gbi
tua chinh bang khoang cach gitta hai vi chdng (L). Chén luén chiu tai trong phan bb déu vai chiéu cao cot
d4t @4 chon bang chiéu cao vom pha huy b; (Hinh 5). Chiéu day cac tim chén khéac & néc va hdng 10 c6 thé
ldy bang chiéu day tim cheén chinh néc vira tinh toan. Chiéu dai chiu luc caa tim chén chinh la khoang cach
L gitra cac khung chdng (Budc chdng). So dd tinh toan tim chén duoc thé hién trén Hinh 5. Theo d6 tim
chén lam viéc ¢ trang théi chiu ubn do tai trong dat da phan bd déu 1én tim cheén, tai trong dwoc chuyén
xudng khung chéng tai dau hai tim chén.

So dd tinh toan cbt don dat trong tam chén:
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Hinh 5. So dé vmg sudt trén tiét dién chiz nhdt chiu udn dat cot don

Tinh toan kha nang mang tai cua dam véi céc s ligu ban dau: dam c6 tiét dién hinh chit nhat bxh; cm.
Bé tong véi mic x4c dinh ¢6 cudng do chiu nén (Ry, kG/cm?), cot thép chiu luc trong tam chén thugc nhém
All véi dién tich, Fa, cm?, cdt dai ¢6, chiéu day I6p bao vé cét thép a; cm.

2.3. Trwong hep nghién cizu tei mé than Mao khé

Pé tai nghién ctru ciing da tién hanh tinh toan thiét ké tim chén, 1ap ho chiéu chéng véi duong 10 sir
dung tim chen ché tao tir i tro cho 10 xuyén via mtra -76 via | canh Béc, Cong ty than Mao Khé-TKV. Lo
dao qua dia ting da bot két phan 1op mong, bot két kep sét, da co hé sb do kién cb f=2-4, nhleu vi tri gitra
cac phan 16p bi I4p nhét bai sét than mau den, lién két giira cac mat phan 16p kém c6 nuée ngam chay vao.
Chdng giit bang thép long mo SVP 27, tiét dién 11,0 m2 Buong 10 c6 tiét dién s dung 8,4m2, khoang céch
0,5m/vi. Viéc thiét ké ho chiéu chéng 10 st dung tim chen ché tao tir tro xi duoc tién hanh gém tinh toan
cip phéi bé tong, thiét ké mat cit ngang cho tam cheén, L=500mm, lap ho chiéu chéng 16 sir dung tdm cheén
bé tong cét thép ché tao tir tro bay L=500mm. Két qua kich thudc va bé tri cbt thép nhu Hinh 6 vai chi phi
cb thép nhu Bang 3 (Pham Tuén Anh va nnk, 2020). Trén co sé do, nhom nghién ciru tién hanh lap ho
chiéu chdng ¢6 dinh cho duong 10 véi mat cit ngang va doc duong 10, bd tri tam chén nhu Hinh 7. Trén
co s& ho chiéu chdng 10, tim chén bé tong cbt thép ché tao tir tro bay, 4000 tdm chén di duoc ché tao tai
Cam pha dé dua vao st dung va theo ddi. Két qua theo ddi tir 01/06/2020-31/08/2020 cho thay tam chén
hoan toan dap wng yéu cau ky thuat, kinh té va kha nang cung ang (Pham Tuan Anh va nnk, 2020).
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Hinh 6. Cau tgo tam chén 10 Véi chiéu dai L = 700mm cho buréc chéng 0,5m

Bang 4. Tong hep vat liéu cho 1 tam chén

S . i o Puong |Chiéu dai| os Chiéu dai| Khéi Iwong (kg)
Tén tdm chen Th?p So dd ubn thép Kinh 1 thanh S&LL:ang toan bé :

(Chiéu dai) | sb thép(mm) (mm) (mm) | 1m |Toanbd
(1) e0 30 6 720 3 2160 | 0222 | 0479
L=700mm @ 30 410 30 6 170 6 1020 | 0222 0.226
Téng cong 0.705
— Tam chen BTC
¥ e, ¥, —_—_— Wm‘
IOOAAOAANT AT
4 N K77 %
h %
I | P N ]
| o
| S
L I
L[]
500 | 500 | 500 | 500 | 500 500 | 500 | 500 | 500 [s0| i | R 33203570 &
. (4030)
Mt cdt doc duwong 10 Mdt cdt ngang dwong 10

Hinh 7. Mgt cat ngang va mat cat doc duwong 10 si dung tdm chén bé tong cé thép ché tao tir tro bay

Hinh 8. B&i chiza tam chén sau khi ché tao chuan bj duwa vao chong (Pham Tuan Anh va nnk, 2020)

3. Két qua va thao luan

Cin ctr vao két qua ap dung thir nghiém budc dau cho thay tam cheén ché tao xi tro bay dap tng yéu ciu
chong git va hoan toan thay thé cho tam chén BTCT théng thudng. Do xi méng trong bé tong dugc thay
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thé bang tro bay nén tim chén ché tao tir tro bay nhe hon so véi tim chén bé tong cbt thép truyén thdng,
dan dén giam khdi lugng van chuyén, giam stic lao dong cho cong nhan, dac biét 1a khi khai thac tai cac duw
an xudng sau. Két qua nghién ctru dé tai cho thay ti 1é 30% tro bay thay thé xi méng trong bé tong M200
ché tao tAm cheén 1a hop ly vira dam bao d6 bén yéu cau ky thuat vira mang lai hiéu qua kinh té nhu tiét
kiém 37,53 kg/ m3 vat ligu; giam 1-3kg trong lwong 1 tam chén so vai tim chén ché tao tir bé tong thuong
(tdy thudc chiéu dai tim cheén) va tiét kigm khoang mot nghin Viét Nam dong so véi gia tam chen truyén
thong.

4. Két luan

Trong su phat trién chung ciia Tap doan Cong nghiép Than - Khoang san Viét Nam vai yéu cau hiéu
Qua cao trong san xuit kinh doanh, an ninh nang lugng, cong tac dao chong 16 ngay cang duoc dau tu di
vao chiéu sau tir hoan thién cong nghé, quan ly ky thuat, nang cao trinh d6 tay nghé. Diéu d6 da chung
minh bang sb lwong mét 10 dao méi ting trudng hang nam, cong tac k¥ thuat va an toan duoc dam bao, cac
don vi san xuat than ham 16 d&u hoan thanh ké hoach dugc TKV giao. Song song véi cong tac dao chong
10; trong nhidu nam tré lai ddy TKV da cho phép nghién ciru va &p dung céc vat liéu, két cdu chdng méi
nhu vi neo dinh két, neo cép, neo du ung luc, céc gian chdng...tai cac don vi san xuit than ham 19. Qua
déanh gia bude dau cho thay higu qua mang lai khi ty 1¢ st dung cac vat liéu két cau chong méi thay thé
khung Chong thép truyén thong ngay cang tang, nhu mét 1o chdng neo tang. Mac di vay ti 1é khung Chong
thép véi tim chén bé tong COt thép van chiém ti trong I6n 70-80% c6 mo co thé con cao hon, dan dén chi
phi cho cong tac chng 10 van & mirc cao doi hoi can c6 nhiéu loai hinh vat liéu va két ciu chdng mai truyén
thdng va phi truyén théng thay thé dan trong tuong lai va tro bay thay thé xi ming trong san xuét cac loai
két cau chdng 10 tir bé tong 12 mot huéng méi.

Loi cam on

Céc tac gia ghi nhan nhitng dong goép ciia Tap doan Than va Khoang san Viét Nam-TKV, Cong ty ¢6
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ABSTRACT

Research on the application of fly ash in thermal power plants to
create of rock supports in deep underground mining of Quang Ninh
coal area

Dang Van Kien*", Vo Trong Hung?, Do Ngoc Anh® Pham Tuan Anh?,
Nguyen Tien Manh?, Truong Van Ha®
! Ha Noi university of mining and geology
2 Vinacomin industry investment consulting joint stock company
3 Masters student, the course K38, specialized in underground construction engineering

Fly ash utilization in concrete as partial replacement of cement is gaining importance. In Viet Nam, Fly
Ash was used to as roller compacted concrete (RCC) of Son La hydroelectricity, rural road concrete and
unburnt bricks. However, they have not been used in the rock/soil support of underground coal mines.
Nowadays, concrete insert plates with steel arches are the biggest proportion of the type of current structural
support in underground mining (about 70-80%). Concrete plate is one part of the concrete plates are
responsible for closing the gap between the SVP steel frames in drift and the, preventing roof landslides
and sidewalls. This paper studies the use of fly ash in concrete, cement is replaced partially by fly ash in
underground construction concrete. In this experimental work concrete mix prepared with replacement of
fly ash by 30%. The impact of partial replacement of cement by fly ash should be create concrete insert
plate of SVP steel frame (or steel ribs) in underground mines are studied at Mao khe underground coal
company.

Keywords: Fly ash; concrete insert plate; underground mining support structure; underground.
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E RSE’ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
SANYH SCRPCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cau tr(ic nén dat yéu tuyén duong giao thdng ven bién Hai Phong-
Nam Dinh va dé xuat cong ngh¢ gia co phu hop
Nguyén Thi Diu', Ta Buc Thinh®”

INCS Truong Dai hoc Giao thong Van tai
2Trwong Pai hoc Mé-Dja chat

TOM TAT

Tuyén duodng giao thong ven bién Hai Phong-Nam Dinh nim trong dy 4n “X4y dung tuyén dudng giao
thong ven bién Viét Nam” duoc Thu tuéng Chinh phu ddng y cho xdy dung tr nam 2015. Céu tric nén
tuyen dudng nay co cac 16p dat yéu cua hé tang Thai Binh, hé tang Hai Hung thudc trAm tich Dé tir dong
bang Bic B9, anh hudng nghiém trong dén 6n dinh tuyén duong. Bai bao trinh bay cac két qua nghién ctru
vé dic diém ciu trac nén dat yéu doc theo tuyén dudng, phan tich co s¢ khoa hoc va dé xuét cong nghé gia
¢b nén dét yéu phu hop, dam bao 6n dinh cho tuyén duong. Két qua nghién ctru da chi ra, doc theo tuyén
duong giao théng ven bién Hai Phong-Nam Dinh, céu trac nén dat yéu dén do sau 30 m gdm 2 kiéu (1, 1I)
va 3 dang (a, b, ¢), theo do, kiéu I ¢ cac 10p dat yeu phén bd ngay trén bé mit dat, phia dudi 1a cac 16p dat
c6 tinh nang xay dung tot; kleu II ¢6 cac 16p dat yéu ndm sau phia dudi cac lop dét c6 tinh nang xay dung
tot; danga co chiéu day dat yéu 16n hon 20 m, dang b co chiéu day dat yéu tir 10 den 20 m, dang c c6 chleu
day dat yéu tir 5 dén 10 m. Dya vao dic diém céu tric nén dat yéu, cong nghé gia cb phu hop dwoc dé xuét
Iwa chon 14 cong nghé coc cat bién-xi ming. Pay 13 cong nghé méi, phat huy duge vu diém, khic phuc
duoc nhuoc diém cua cong nghé coc cat, cong nghé coc dat-xi mang, déng thoi st dung nguén vat liéu cat
bién tai chd dé 1am coc, gbp phan giam gia thanh xdy dung va bao vé méi trudng bén viing.

Tir khéa: Pudng giao thdng ven bién; dit yéu; ciu tric nén dat yéu; gia cé nén dat yéu; coc cat bién-xi
mang.

1. Pit van dé

Tuyén duong giao thong ven bién Viét Nam dai 3041 km, bét dau tir cang Nui Do, x4 Binh Ngoc, thanh
phé Méng Céi, tinh Quang Ninh, két thuc tai cira khau Ha Tién, tinh Kién Giang, di qua tat ca 28 tinh,
thanh phé ven bién Viét Nam, trong d6, doan tuyén tir Hai Phong dén Nam Dinh dai 34 km, c6 diém dau
két ndi vei tuyén dudng ven bién thanh phd Hai Phong, diém cudi két ndi voi tinh Nam Dinh. Tuyén dwong
duoc xay dung theo quy mé duong Cap 11T ddng bang, rong 12 m véi 4 1an xe, van téc thiét ké 80 km/h.
Toan tuyén c6 12 Cau trong d6 c6 5 cau lén vuot sdng Tra Ly, song Hong, séng Diém Ho, sdng Lan 1,
song Lan 2 cling 7 cau trung va nho.

CAu trdc nén dat ty nhién tuyén dudng ven bién Hai Phong - Nam Dinh kha phic tap, bao gdom cac 16p
dat yéu c6 nguon gdc khéc nhau thuge tram tich Bé tir, tudi Holocen, chiéu day lon, c¢é thanh phan, trang
thai, tinh chét dic biét. Viéc xay dung duong giao thong trén nén dat yéu ludn 1a bai toan phuc tap do su
nhay cam cia dat yéu d6i vai tac dong cua tai trong cong trinh. D cong trinh ¢ quy mé, tai trong nho thi
trong qué trinh xay dung va khai thac, cac van dé dia ki thuat gdy mat 6n dinh cong trinh van ¢ nguy co
xay ra, d6 la van dé mat 6n dinh vé bién (dang (d6 lin 16n) va mat 6n dinh vé cudng do (suc chiu tai cua
nen nho). Vi vay, trudc khi xay dung tuyén duong nhat thiét phai tién hanh gia cb, xur Iy nén dét yéu. Hién
c6 nhidu cdng nghé gia cb nén dat yeu, tuy nhién, mdi cong nghé déu c6 vu diém, nhugc diém va pham vi
ng dung riéng. Hiéu qua gia 00 nén dat yéu phu thuoc vao ban chat cong ngh¢ gia cb, loai cong trinh xay
dung va dic biét 1a cau tric nén dat yéu. Viéc phan chia cau tric nén dat yéu doc theo tuyén duong cé y
nghia rat quan trong, lam co s& khoa hoc dé lya chon, thiét ké giai phap gia ¢ nén phu hop, dap tng yéu
cau ky thuat va giam gia thanh xay dyng.

* Tac gid lién h¢
Email: taducthinh@humg.edu.vn
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2. Pic diém ciu trdc nén dat yéu tuyén dwong ven bién Hai Phong-Nam Pinh
2.1. Khéi nigm “cdu tric nén”

Khi xay dung cong trinh sé xay ra tuong tac gitia nén va cong trinh. Hinh dang, quy mé, két cau cong
trinh, dac dlem d4t nén va cac giai phap nén mong sé quyét dinh dén pham vi caa ving tuong tac gitra cong
trinh va nén ciing nhu cac qué trinh co hoc, héa hoc, vét ly dién ra trong d6. Giira cong trinh, nén va moi
truong dia chat c6 quan hé mat thiét va tac dong qua lai 1dn nhau theo thoi gian va khéng gian. Kha nang
xay dyng cua dat nén chi c6 thé duoc dénh gia ding dan trén co s& nghién ciru ddy du dic diém cau tric
nen.

CAu trGic nén dat c6 vai trd quan trong trong danh gié tai nguyén dét xay dung néi chung, tinh ndng dat
xay dung ndi riéng; la co s¢ khoa hoc de lua chon cong ngh¢ gia ¢ nén dit yéu phd hop. Hién nay, c6
nhiéu quan dlem vé cau tric nen , song vé co ban 1a gibng nhau. Co thé dinh nghia cau trdc nén nhu sau:

Cau tric nén la quan hé Sap xép khong gian cua cac l6p dat nam trong vung tuong tac gilra nén va cong
trinh, dugc ddc trung bdi s6 luong cac 16p dat, ngudn goc, tudi, Chleu sau phan bé, chiéu day, dac diém,
thanh phan, cu tao, trang thai va tinh chat co 1y cua ching. Trong ciu tric nén cé cac 16p dat yéu goi la
céu tric nén dét yéu (Ta Bac Thinh, 2009). DU phan chia cau trdc nén véi muc dich bat ky thi cac yéu té
quan trong khong thé thiéu 1a: tudi, ngudn gébc, chidu day, thanh phan va tinh chit co 1y cua cac l6p dat nén.

2.2. Cdu trdc nén dat yéu vang ven bién Hdai Phong-Nam Dinh

Két qua nghién ctru dia ky thuat da lam sang to c4u triic nén dit ving ven bién Hai Phong-Nam Dinh
Véi cac ddc diém vé tudi, nguon gée, pham vi phan b, thanh phan, trang thai va tinh chat co 1y ciia cac 1op
dat nén (Trudng Pai hoc Mo-Dia chit, 2016).

2.2.1. Pdc diém dat yéu vang ven bién Hai Phong-Nam Dinh

Theo tuoi va nguon géc, tat ca cac loai dat noi chung, dat yéu ndi riéng trong cau tric nén doc tuyén
duong ven bién Hai Phong-Nam Dinh déu thuoe hé tang Thai Binh (Q2%ths), hé tang Hai Hung (Q2' hhy,
Q.1 hhy), théng Holocen cua tram tich Dé ti vung ddng bang Béc Bo va cha yéu ¢ nguon goc bién (m),
song- -bién (am), d6i chd 12 song (a) va bién-dam lay (mb). Theo thanh phan va trang théi, céc loai dat trong
céu trdc nén chi yéu 1a sét va sét pha, doi chd gap cét pha, cat min-bui véi trang thai chay, déo chay. Theo
tinh chat xay dung, cac loai dét yéu déu cé sirc chiu tai nho va tinh bién dang 16n (xem Bang 1 va Bang 2).

Bdng 1. Pdc diém dat yéu phu hé tang Thdi Binh 3

2 Pham vi Stre Mo dun
Tuoi, hén Tén va chiu tai tong bién )
TT ngudn ? ¥ trang thai quy dang Tinh chat xay dung
% bo dieén LDk .
g0c hinh cua dat udc Ro Ro
(kG/lecm?) | (kG/ecm?)
A = Sét, déo Kha ning chiu tai thap
3 > < el 5
1 aQ2"ths Diém bien chay 0,68 22,0 tinh bién dang rat 16n
U Sét pha, Kha ning chiu tai rat thip
3 . : ¢ )
2 ambQ;"ths | Hai Thinh chay 0,43 21,7 tinh bién dang rat 16n
A A Sét pha, Kha ning chiu tai thap
3 ; ! ,
3 amQztbs | Diém Dién chay 0,65 54,8 tinh bién dang 16n
O Sét pha, Kha nang chiu tai thap
3 \ , N 4
4 | amQrtbs | HaiThinh | 2°0.0 | 0.60 338 | (inh bién dang lén
S . . Kha ning chiu tai rat thip
3 . . ¢ B
5 amQz°ths Hai Thinh Sét, chay 0,58 29,1 tinh bién dang rit Ion
3 AN Cét pha, . TP
6 mQ2°ths Diém bién déo 0,81 122,3 Kha nang chiu tai thap
CA A Sét pha I C e A
3 i}
7 mQ2’ths Diém bién déo chiy 0,88 54,4 Kha nang chiu tai thap
_ Sét pha Kha niang chiu tai thip
3 1 < : 5
8 | mQythy | HaiThinh | .00 0,51 454 | inh bién dang lon
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Bdng 2. Pdc diém dat yéu hé tang Hai Hung

i Stc Mb dun
Tuokl, Pham \;1 Tén va’_ chiu tai tong bién Phan loai dét y &u theo
TT nguon phan bo trang tl}al quy dang tinh chat xav dun
goc dién hinh cua dat udc Ro Ro y aung
(kG/cm?) (kG/cm?)
. Iy Kha nang chiu tai rat
1 mQ2"?hh; Hai Set, d c0 0,50 30,6 thap, tinh bién dang
Phong chay .
16n
1-2 Hél Sét pha, > - . 5. A
2 mQ:2*hh; Phong déo chay 0,61 53,9 Kha nang chiu tai thap
) Hai Cét pha . e X
12 ,
3 mQz'*hh; Phong déo 0,61 79,7 Kha nang chiu tai thap
) Diém Sét pha - ek
12 - &
4 mQz'“hh; Didn déo mém 0,70 71,3 Kha nang chiu tai thap
Diém Sét, déo T
1-2 - . E B A
5 mQz'“hh; Didn mam 0,80 74,4 Kha nang chiu tai thap
Sét. déo Kha nang chiu tai
6 mQ*?hh; Hai Thinh c171é 0,66 28,5 thap, tinh bién dang rat
Y 16n
. v 1z Kha nang chiu tai
7 amQ22hh; Hai Sét, deo 0,64 334 | thdp, tinh bién dang
Phong chay .
16n
) Hai Sét pha - ek
1-2 ’
8 amQz*“hh; Phong chiy 0,92 72,8 Kha nang chiu tai thap
A . Khéd nang chiu tai
9 | amQ.%hh; Diem Set pha, 0,68 43,7 | thép, tinh bién dang
bién déo chay 16n
" , Kha nang chiu tai
10 | amQihh, | DM SEL, 0,50 21,0 | thép, tinh bién dang rt
bién chay .
16n
Sét pha Khd nang chiu tai
11 amQ,?hh; Hai Thinh et pha, 0,64 29,8 thap, tinh bién dang rat
déo chay 16n
Hai Sét Kha nang chiu tai rat
1-2 ) A ’ <A A
12 mbQ2**hh; Phong chiy 0,33 8,9 ‘{Eip, tinh bién dang rat
Sét pha Kha nang chiu tai re”:1t
13 mbQ,*2hh; Hai Thinh chgy ! 0,46 19,0 thap, tinh bién dang rat
16n

2.2.2. Phan chia cau tric nén dat yéu ving ven bién Hai Phong-Nam Binh

Dua vao tudi, ngudn gdc, thanh phan, trang thai, tinh chat co 1y cua cac I6p dat nen muc dich phan chia
c4u trc nén; tai liéu khao sat dia ky thuat hién c6, nguyén tic phan chia cau tric nén dat yéu vang ven bién
Hai Phong-Nam Dinh nhu sau:

- Phan chia dén d6 sau phan bd cac 16p dat co tinh nang xay dung tt, du kha ning chiu tai cho céc loai
cong trinh hodc dén d6 sau 30 m (theo anh huong tng suét cua cong trinh, giai phap mong va cong nghé
gia cb c6 thé st dung);

- Pham vi phan chia c4u tric nén chi gisi han & pham vi co dit yéu;

- Phan chia thanh Kiéu dya theo dic diém phén b cua dét yéu trong khdng gian; chia thanh Dang dya
theo chiéu day cua céc I6p dit yéu, theo do:

+ Kiéu |: Dat yéu phan b6 ngay trén bé mat dét, phia dudi la cAc 16p dat co tinh nang xdy dung t6t (dat
mém dinh c6 trang thai déo ctng, nira cing);

+ Kiéu 11: Bat yéu phan b sau phia dudi, phia trén 1a cac 16p dat c6 tinh nang xay dung tét.

+ Dang a: Dat yéu c6 chiéu day 16n hon 20 m;

+ Dang b: Dat yéu c6 chiéu day tir 10 dén 20 m;
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+ Dgng c: Dét yéu co chiéu day tir 5 dén 10 m;

+ Dgng d: Dat yéu c6 chiéu day nho hon < 5 m;

Két qua phan chia ciu tric nén dat yéu vang ven bién Hai Phong-Nam Binh c6 2 Kiéu va 4 Dang, trong
d6, Kiéu 1 c6 4 Dang: l.a, Lb, I.c, 1.d, Kiéu 11 ¢6 2 Dang: Il.a, 11.b.

Cau trdc nén dat yéu Dang La (dat yéu phan bd ngay trén mit dat, nam trén dat mém dinh ¢ trang thai
déo cing - ntra cing, chiéu day > 20 m) chiém hau hét dién tich ciu tric nén dét yéu, phan bé doc theo
tuyén duong kéo dai tir Hai Phong dén Nam Binh. Dang Lb (dat yéu phan bd ngay trén mat dat, nam trén
d4t mém dinh c6 trang thai déo ciing - nira ciing, chiéu day 10 + 20 m) phan bb ¢ Thuy Nguyén, An Lo,
Vinh B4o - Hai Phong; dai hep ven bién ¢ Diém Dién - Thai Thuy, Tién Hai - Théi Binh. Dang I.c (d4t yéu
phan bd ngay trén mit dat, nam trén d¢at mém dinh c6 trang thai déo ctng - nira cing, chiéu day 5 + 10 m)
phan bd véi dién tich hep rai rac & Vinh Bao - Hai Phong; Kién Xuong, Pong Hung, Thai Thuy - Théi
Binh. Dang L.d (dat yéu phan b6 ngay trén mat dét, nam trén dat mém dinh c6 trang thai déo cimg - nua
cung, chiéu day dét < 5m) chi gap dudi dang dai hep ¢ Hai Phong, Thai Thuy - Thai Binh.

Cau trdc nén dat yéu Dang Il.a phan b thanh dién nho doc khu vuc Séng Bay, song Ninh Co ¢ Nghia
Hung, Truc Ninh, Hai Thinh - Nam Dinh. Dang 11.b chi gap vai dién phan bé nho ¢ cac xa Thai Hong, Thai
Phc, Thai Thanh, Thai Tho, Thai Tan, My Loc, Thai D6 giap song Diém Ho, huyén Théi Thuy, tinh Thai
Binh.

2.3. Céu trisc nén dit yéu doc tuyén dwong Hai Phong-Nam Dinh

Két qua nghién ciru cho thdy, cdu trac nén dit yéu doc tuyén duong Hai Phong-Nam Binh phi hop véi
cAu trac nén dat yéu viing ven bién Hai Phong-Nam Dinh, dugc dic trung béi Kiéu I, Dang La va Lb, theo
d6, cac 16p dat yéu nam ngay trén bé mat dat c6 chiéu day > 20 m hogc tir 10 dén 15 m, phia dudi 1a cac
16p dét c6 tinh nang xay dung tot.

Dia ting dic trung doc tuyén duong ven bién Hai Phong-Nam Dinh, theo thr ty tr trén xudng duédi
(Hinh 1 va Bang 3), (Cong ty co phan Tu van Thiét ké - Kiém dinh va Dia k¥ thuat, 2017):

1. Lép s6 1: Dit dap, dat trong trot, chidu day tir 0,3 m dén 1,0 m.

2. L6p s6 2: Sét déo chay, chiéu day tir 1,70 m dén 15,00 m.

3. L6p s 3: Cat pha, xdp, chiéu day tir 1,60 m dén 7,50 m.

4. Lép s6 4a: Sét déo chay, chidu day tir 7,10 m dén 25,30 m.

5. L6p s 4b: Sét déo mém, chiéu day tir 3,60 m dén 4,50 m.

6. L6p s 4c: Sét déo cung, chiéu day tir 0,60 m dén 4,30 m.

7. L6p s 5: Cat bui, két ciu chat vira, chidu day tir 1,10 m dén 5,60 m.

8. LGp sb 6a: Sét déo mém, chidu day tir 2,20 m dén 24,50 m.

9. L6p s 6b: Sét déo cimg, chidu day tir 0,80 m dén 8,00 m.

10. L6p s 6¢: Sét nira clmg, chiéu day tir 2,00 m dén 21,40 m.

- 2\l
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-~ - _ e o My s 27.80
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G
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rese PSR ——— TD - - —_ 39.80
G

Hinh 1. Dia tﬁng\ddc trung tuyén duong Hai Phong-Nam Dinh
(Cong ty co phan Tu van Thiét ké va Dia ky thudt, 2017)
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Bdng 3. Tinh chdt co Iy ciia cdc 1op dat nén doc tuyén du'ong Hai Phong-Nam Dinh

SO [Sothir| Loaidat | Khoi | Khoi | Chisé |[Dosét| HEso | HEso | Goc ma | Luc dinh
TT | tulop luong | lugng thé| déo (B) rong |nén lan | sat trong c
thé tich | tich kho | (1d) e a2 | @ (d0) |(kG/cm?)
tu nhién [y, (g/cm?) cm?/kG
v (glem?)
1 [Lépl |Pit dap
2 |Lép2 [Sétdéochay| 1,73 1,19 20,58 | 0,87 | 1,261 | 0,091 | 6°11° 0,062
3 [Lép 3 [Céat pha xdp 5,11 1,37
4 |L6p 4a |Sétdéochay| 1,68 1,1 27,08 | 0,85 | 1,145 | 0,111 | 6927 0,067
5 |Lop 4b|Setdeo 1,75 1,21 26,01 | 0,67 | 1,223 | 0,085 | 9°31° 0,128
mém
6 |Lop 4c [Sétdéo 1,91 1,47 22,26 | 0,25 | 0,844 | 0,030 | 16°31” | 0,252
cing
7 |Lép5 |Catphachat| 1,88 1,47 8,96 | 0,65 | 0,823 | 0,033 | 13°58° | 0,124
8 |Lop 6a |Setdeo 1,78 1,29 21,75 | 0,63 | 1,085 | 0,058 | 10°50° | 0,126
méem
9 |L&p 6b [Sét déo 1,85 1,38 21,04 | 0,42 | 0,957 | 0,040 | 15°26” | 0,211
cung
10 [L6p 6¢ |Sét nira 1,97 1,55 20,33 | 0,11 | 0,748 | 0,023 | 19°46> | 0,263
cung

3. Pé xuat cong nghé gia ¢ nén dat yéu tuyén dwong ven bién Hai Phong-Nam Pinh
3.1. Phan tich la chen cong nghé gia cé nén dit yéu phi hep

Nhu di chi ra 6 trén, doc tuyén dudng Hai Phong-Nam Dinh cha yéu phan b ciu trdc nén dat yéu Kiéu
I, Dang l.a va Dang l.b. Cac 16p dét yéu nim ngay trén bé mit dt gdm: 16p sét pha déo chay 2, cat pha xp
3, sét déo chay 4a, sét déo mém 4b; c6 hé sb rdng 16n tir 1,145 (16p 4a) dén 1,261(16p 2), gbc ma sat trong
nho tir 6°11°(16p 2) dén 9°31°(16p 4b), luc dinh két nho tir 0,062 (kG/em?) (I6p 2) dén 0,128 (kG/ecm?) (I6p
4b). Cac lép dét co tinh nang xdy dung tot 1a cac 1op: sét déo clng 4c, sét deo ctmg 6b, sét nira clng 6¢. DPé
dam bao On dinh cho tuyen dudng, can phai tién hanh gia c6 dén hét chleu sau cac 16p dat yéu.

Déi véi cAu tric nén dét yeu Dang l.a va Dang I.b, céc cong nghé gia cb pht hop co thé Iya chon la cong
nghé¢ coc cat, cong nghé bac tham, cong nghé coc dat-xi mang. Tuy nhién, mdi céng nghé déu c6 nhimg uu
diém va han ché riéng (Bergado, D.T et al, 1994; Hoang Vin Tan va nnk, 1997).

Cong nghé bac thdm co6 wu diém tac dung thoat nude ¢d két nhanh, nhung c6 han ché 1a: 1) khi thi cong
thuong xay ra hién twong xao tron dat xung quanh bac thim (hiéu wng x40 tron), bac thim dé bi dat hozc
bi cac hat dét chui vao 16 rdng caa bac 1am giam kha ning tham nuéc cua bac; 2) bac tham phai nhap khau
tir nudc ngoai, gia thanh cao.

Cong nghé coc cat co wu diém tac dung nén chit co hoc tét, thoat nuéc c6 két nhanh. Tuy nhién, coc cat
co han ché 1a: 1) khi thi cong gay tiéng 6n I6n, anh huong dén cac cong trinh lan can; 2) néu nen dat qué
yeu hoic c6 muc nudc ngam dao dong manh thi cac hat cat s dich chuyén vao trong nén hoic xuéng viing
d4t du6i miii coc 1am cho coc bi bién dang ngang, chan coc bi réng lam cho do chat cua coc giam, coc co
thé bi gay, tham chi bi pha huy lam giam sirc chiu tai chung cua nén coc. Hon nira, Chinh phu da c6 Nghi
dinh s6 23/2020/ND-CP ngay 24/2/2020 Quy dinh vé quan ly cat, soi long, bo, bai song, theo do, han ché
sir dung cat sdng do nguon cung ngay cang can Kiét va viéc khai thac cat song dang tac dong xau tgi moi
trudng sinh théi.

Cong nghé coc dat-xi ming ¢6 wu diém ché tao dugc coc cudong do cao, sirc chiu tai Ion nén co thé sir
dung dé xay dung cong trinh c6 quy mé, tai trong I6n. Tuy nhién, han ché ciia coc dat-xi mang 1a khong c6
tac dung nén chat ving dat xung quanh coc. Tai trong cdng trinh truyén xudng nén chii yéu do coc tiép
nhan nén trong truong hop dudi miii coc phan b dat yéu thi khé &p dung. Mit khac, dé dam bao yéu cau
ky thuat thi khdi lwong xi ming dwa vao coc thuong I6n (tir 240 kg dén 400 kg cho 1 m? dat) nén gia thanh
cao.

Tir cac phén tich néu trén, chung t6i dé xuét lya chon cong nghé gia cé nén dat yéu tuyén duong giao
thong ven bién Hai Phong-Nam Dinh 1a cong nghé coc cat bién-xi mang. Pay 1a cong nghé méi, phat huy
dugc vu diém, khic phuc dwoc nhuge diém cua cac cong nghé coc cét, coc dat-xi ming, ddng thoi sir dung
nguon cét bién tai chd 1am vat ligu coc, gop phan giam gia thanh xay dung va bao vé méi truong bén viing
(Ta Btic Thinh, Nguyén Thi Diu, 2019).
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3.2. Tinh toan thiét ké coc cat bién-xi mdng gia cé nén dit yéu

Cong nghé coc cat bién-xi ming dwoc phét trién trén co s¢ cdng nghé coc cat va cong nghé coc dat-xi
ming nén viéc tinh toan thiét ké gia ¢ nén dét yéu bang coc cat bién-xi mang co thé 4p dung nhu ddi véi
truong hop gia cb bang coc cat hoac coc dat-xi ming. Cac thong s tinh toan, thiét ké gia cd nén dugc xac
dinh nhu sau:

* Tinh dién tich gia co:

Dién tich gia ¢d tinh theo cong thirc:
F=1,4b (a+0,4b) 1)
trong d6: b - chiéu rong tuyén duong; a- chiéu dai tuyén duong.

*Tinh chiéu sdu gia co:

Chiéu sau gia ¢ phu thugc vao cau tric nén dat yéu va chiéu su ving anh huéng nén ép cua tuyén
duong. Do cac 16p dat yéu phan bd ngay trén mat dat va dudi né 1a dat tot (Dang la, Dang 1.b) nén chiéu
sau gia cb can dén hét chiéu day dét yéu. Tuy nhién, chiéu sau gia c6 c6 thé tinh dén ranh gigi viing hoat
dong nén ép cua tuyén dudong ma tai d6 thoéa man mot trong cac diéu kién sau day:

- Ung suat nén ép (o) do tai trong tuyén duong gay ra bang 0,1 wng suit ban than cia dit nén (o),
nghia 1a: o; = 0,1cut (KG/cm?);

- Ung suit nén ép (o) do tai trong tuyén dudng gay ra bang ap luc bt dau cb két tham cua dét;

- Ung suét nén ép (o) do tai trong tuyén dudng gay ra bang do bén két cau cau dat (Qic), VOi Qe = 2¢
cos @ /(1- sin@), trong d6 ¢, @ 1a luc dinh va gbc ma sat trong cua dat;

- Ung suit nén ép (o) do tai trong tuyén dudng gay ra bing 0,2 - 0,3 kG/cm2.

*Tinh dwong kinh coc:

Puong kinh coc cét bién-xi mang duoc xac dinh phu thudc vao tinh niang cua thiét bi ché tao coc ciing
nhu quy md, tai trong cong trinh. Thong thuong, dudng kinh coc 6 thé lya chon tir 30 cm dén 100 cm.

* Tinh s6 luong coc:

Sé luong coc cat bién-xi mang dugc xac dinh theo cong thirc:

F. & —¢&, F

N=—S=— 2 — 2
S 1+g, S
trong d6: F¢ - dién tich can giam trén toan by vung dugc nén chat;
Ey— €&
Fo= —° F ®)
1+ ¢,
voi: €0- hé s6 rdng ban dau cua dat nén;

gyc - hé s6 rdng yéu cau sau khi gia cd;
F - dién tich ving nén chat;
S - dién tich tiet dién ngang ciia mot coc;
2
S=

v6i dc 1a duong kinh coc. 4

Néu tinh toén, thiét ké theo cong nghé coc dit-xi mang, sb lwong coc gia ¢b cé thé xac dinh theo cng
thuc:
N = KPu/P. (5)
trong d6: K - hé sé an toan,
P - tong tai trong cua tuyén duong,
P - sirc chiu tai caa mot coc don.
* Tinh khodng cach giita cac coc:
Pé giam dién tich dat khong dugc nén chit, co thé bd tri coc cat
bién-xi ming theo dang tam giac déu (Hinh 2).
Xeét 3 coc:
- Dién tich phan dét yéu gitra 3 coc 1a:

%3

f (6) X
4 Hinh 2. Bo tri coc xi mang
- Dién tich phan rdng can giam trong pham vi 3 coc la:
LS d? 0
c= — =
2 8

24



f Ey— &
Tir cong thirc: — = 8 =2 r (8)
2 V3 lvg
4
ta co:
l+¢
L= ( 0) (9)
€ gyc )
Néu b tri coc theo mang ludi 6 vudng thi:
1+¢
L = 0,866d. Axs) (10)
(‘90 - gyc)
vOi: S - dién tich tiét dién ngang cua mdt coc;

L - khoang cach giira cac coc;

€0- hé s6 rdng ban dau cua dét nén;

gyc - hé sO rdng yéu ciu cuia dat nén sau khi gia cd;
d¢ - duong kinh coc.

4. Két luan va kién nghi

Tir nhitng két qua nghién ctru néu trén, c6 thé dua ra mot sé két luan va kién nghi sau day:

- Tuyén duong giao théng ven bién Hai Phong-Nam Dinh dugc xay dung trén nén dat yéu gém céc loai
d4t sét, sét pha, cat pha nguon géc bién (m) va séng-bién (am), phan bb ngay trén bé mat dat, c6 tinh ning
xay dung thap, can phai gia c6 dé dam bao on dinh cho tuyén duong.

- C4u trGc nén dat yéu ving ven bién Hai Phong-Nam Dinh gom 2 Kiéu (1, 1), 4 Dang (a, b, c, d), tuy
nhlen doc theo tuyen duong Hai Phong -Nam Dinh phan bé chua yéu Dang l.a va Dang b ¢ déc diém dat
yéu nam ngay trén bé mat dat véi chiéu day 16n hon 15 m, phia dudi dét yéu 1 céc 16p dat mém dinh (sét,
sét pha) trang thai déo cirng-ntra cirng c6 tinh ndng xay dungtét.

- Cong nghé gia cd nén dat yéu tuyén dudng Hai Phong-Nam Dinh c6 thé lya chon 1a cdng nghé coc cét,
cong nghé bic tham, cong ngh¢ coc dét-xi mang. Tuy nhién, mdi cong ngh¢ déu cé nhiing han ché riéng,
do d6 kién nghi st dung cong ngh¢ coc cat bién-xi méng 1a cong nghé méi, phat huy duge uu diém va khéc
phuc dugc nhugce diém cua cac cong nghé trén, dong thoi st dung cat bién tai chd 1am vat liéu coc, gop
phan giam gia thanh xay dung duong va bao vé méi trudng bén viing.

- Céc thong sb ky thuat can tinh toan thiét ké gia ¢ nén tuyén duong ven bién Hai Phong-Nam Binh Ia:
dién tich gia co, chiéu sau gia ¢6, duong kinh coc, s6 lwgng coc, khoang céch giita céc coc.

- Can tiép tuc tién hanh cac nghién cau thuc nghiém ¢ trong phong va ngoal troi dé l1am sang to o SO ly
thuyét caa cong nghé coc cat bién-xi mang va anh huang cia cau tric nén dat yéu dén hiéu qua gia cd nén.
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ABSTRACT

Characteristics of soft ground structure in Hai Phong-Nam Dinh
coastal road and suitable methods for soft soil improvement

Nguyen Thi Diu!, Ta Duc Thinh?"
tUniversity of Transportation and Communication
2Hanoi University of Mining and Geology

The coastal traffic route from Hai Phong to Nam Dinh is part of the project "Construction of a coastal
traffic route in Vietham" approved by the Prime Minister since 2015. The ground under the road foundation
has soft soil layers of Thai Binh, Hai Hung formation belonging to Quaternary sediments in the Northern
Delta, seriously affecting the stability of the road. The paper presents research results on the soft soil
structure characteristics along the route, analyzes the scientific basis and recommends suitable soil
improvement methods to ensure the stability for the road. Research results have shown that, along the
coastal road of Hai Phong-Nam Dinh, soft soil distributed to a depth of 30 m, and the ground structure
includes 2 types (I, 1) and 3 sub-types (a, b, ¢). Accordingly, type | has soft soil layers distributed right
above the soil surface, below are soil layers with high bearing capacity; type Il has soft layers located below
the good soil layers; Sub-type (a) has a soft soil thickness greater than 20 m, sub-type (b) has a soft soil
thickness of 10 to 20 m, and sub-type (c) has a soft soil thickness of 5 to 10 m. Based on the characteristics
of soft soil structure, the proposed suitable soil improvement technology is the sea sand-cement column
technology which can promote the advantages, overcome the disadvantages of sand column technology and
soil-cement column technology. Additionally, this technology can utilize the local sea sand material, reduce
the road construction costs and protect the environment.

Keywords: Coastal road; soft soil; soft soil structure; soft ground improvement; sea sand-cement column.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciu anh huong cia tham sé du tng luc dén
dac trung co hoc cua két cau neo
Do Viét Doan”, Vi Bic Quyét?, Nguyén Duyén Phong*

! Tm’ong Pai hoc M6 - Pia chdt
2 Truomg Dai hoc Cong nghiép Qudng Ninh

TOM TAT

Bai viét phan tich mét s6 tac dung chinh cua neo du tng lec khi chng gitr cac duong 10 nhu tac dung
cai thién cac tham s6 co hoc ctia khdi da xung quanh duong 10, tac dung cai thién trang thai chiu luc, truong
g suit trong khdi da xung quanh duong 10 va tac dung ting luc khang cat, khang truot giita cac bé mat
phan cach cua khoi da. Ngoai ra bai viét con sir dung phuong phap sé tién hanh lap mé hinh mé phong véi
kich thugc md hinh c6 chiéu dai x rong x cao = 6m x 0,6m x 4m, lap dat thanh neo cé chiéu dai 2,4 m vao
giita md hinh, sir dung neo chat déo ct thép véi chiéu dai dinh két dau neo bang 0,8m, nghién ctu anh
hudng khi thay d6i tham sb du tng lee dén dic tinh co hoc cua than cét neo va tim dém. Két qua mé phong
Vi cac tham sb diéu kién dau vao nhu trong bai toan cho thay rd su phu thudc gitra tham sé du tng lee dén
dic tinh co hoc cua than ¢t neo va tim dém, ciing tir két qua mo phong rut ra dugc mot sb quy luat chiu
lyc, bién dang cua than cot neo va tim dém khi thay ddi gia tri du Gng lyc.

Tir khoa: Neo dy ing luec; tAc dung neo duy tng luc; phuong phap sb; dic trung co hoc cua neo.

1. Pat véan dé

Tac dung chéng giir ciia neo da dwoc nhiéu tac gia ngoai nuéc nghién ctu thong qua ly thuyét, tai phong
thi nghiém va tai hién truong (F3 VUYL, 2012), trang thai phan b tng suit xung quanh dudng 16 dudi tac
dung cua tham sb du wng luc dwoc nghién ciu boi cac tac gia (JE B2, B0, 2007), tac dung nén ép
theo phuong ngang hinh thanh két cdu chiu lyc neo khéi da dudi tc dung cua neo du ng lec duoc nghién
ctu boi cac tac gia (FELLE, 41, Mg, 2010, B4, 2011). Mot so tac gia trén thé gici khac ciing da
dua ra ly thuyét chéng gitr neo dy tng lyc cudng d6 cao. Cac két qua nghién ctru trén da hinh thanh 1én nén
tang ly thuyét dbi voi neo du ung luc, dé tiép tuc gop phan cho nén tang ly thuyét cua neo du tng luc trong
bai viét nay nhém tac gia sir dung phuong phap s6 tién hanh nghién ciru dic trung co hoc ciia cac bo phan
cAu thanh nén két cau neo duéi tac dung caa tham sb du Gng hc.

2. Tac dung chinh ciia két ciu neo dy &ng luc
2.1 Cai thign céc thong sé co hoc ciia khéi dd xung quanh dwong 10

Sau khi khai dao duong 16 vao khéi da, tiy thude vao do ctng cua khdi dé xung quanh ma murc do bién
dang trén bién duong 16 s& khac nhau. Pbi véi khdi ¢4 mém yéu trong qua trinh bién dang, khéi da xung
quanh duong 10 s& hinh thanh phat trién ving déo tai phan khdi da gin bién nhat. Song song véi su hinh
thanh viing déo 14 sy bién dbi cac tinh chit co hoc cta khbi da theo chidu hudng bét loi nhu: lam giam mé
dun dan héi E, luc dinh két C, luc dinh két tan du C*, gbc ma sat trong, cudng d6 gidi han va cudong do tan
du & cac mirc do khac nhau.

Sau khi lap dit neo dy tmg luc vao khi da xung quanh duong 10, dudi tac dung gia cb cua hé thong neo
du ing lyc s& lam cai thién trang thai img sut va mot s tinh chat co hoc theo chiéu huéng c6 loi nhur: gia
tang (g suét nén trong khdi da, khdi da xung quanh duong 16 s& hoi phuc trd lai trang thai chiu Gmg suat
3 tryc tir 6 s& lam ting md dun dan hoi E, lyc dinh két C, lyc dinh két tan du C*, goc ma sat trong, cuong
d6 gi6i han va cuong do tan du cua khbi da xung quanh duong 10.

* Tac gia lién h¢
Email: daovietdoan@gmail.com
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Dbi véi khdi da mén yéu, bo roi dudi tac dung chdng giit ctia neo du tng lyc s& hinh thanh vom da nén
ép lién tyc quanh phan khdi d4 cim neo, theo phuwong hudng kinh va tiép tuyén tai kh6i ¢a vom noc duong
10 chiu nén ép 1am cho cuong do khdi d4 ting 1én tir d6 nang cao dwoc kha ning mang tai cua khdi d4. Mt
khac mo dun dan hdi va cuong d6 ciia khdi da déu nho hon so véi than cdt neo, do vay dudi tic dung chong
giit cua than cdt neo s& 1am cho d6 cung tong thé cua khdi d4 ting hay néi cach khac lam cho mé dun bién
dang cua khéi da tang. Néu goi E va Ey, 1a mé dun bién dang cta khéi d4 va than cbt neo, thi dudi tac dung
ctia neo duy g lyc md dun dan hdi ciia khdi d4 E’c6 thé tinh gan dung theo cong thire sau (5KI%. 2019):

E= E+Em " 1)
Néu bo qua sy thay doi cuia hé s6 Poisson trong khdi d4, thi mo dun cat ciia khdi da co thé tinh gan ding
theo cong thirc sau (5KU4. 2019):

G =G+G, = s (2
Trong d6: G va Gm - M6 dun chéng cit cta khdi da va ciia than cdt neo, MPa; a, b - Khoang cach neo trong
vong va giira cac hang neo, m.

Ttr phan tich trén cho thay trong ¢4 mém yéu dudi tic dung ciia neo duy tng luc s& lam cho mé dun bién
dang trong viing khéi d4 duoc gia ¢b bang neo ting 1én tir d6 nang cao kha ning chiu tai ciia khi da, ddng
thoi sy chénh 1éch cia mé dun bién 'dang gitra than cbt neo voi khoi da s lam than c¢bt neo sinh ra phan luc
nhét dinh chdng gitt kh01 da. Mot sb két qua nghién ctru cho rang, mbi quan hé giira d¢ cting khdi da K voi
du Gmg luc cia than ¢t neo T sau mot thoi gian chdng giit neo du dai ¢6 quan hé nhu theo cong thic sau
(5K 1&. 2019):

K=BT+Ch 3)
Trong d6: B, C - H¢ s6 chua xac dinh.

2.2. Cdi thién trang thai chiu lwe va trwong ing sudt trong khéi dd xung quanh dwong 10

Sau khi khai dao dudng 10 chua thyc hién cong tac chdng giit, trang thai ung suat ctia khdi da xung
quanh bién dudng 10 s& bi thay doi, ing suat s& tap trung tai goc dudng 10 va céc vi tri bién 16i 16m. Theo
thoi gian gia tri ing suat dan c6 sy thay doi tir chénh léch nho sang chénh léch 16m.

Sau khi chéng neo du tng luc xung quanh dudng 10, s& lam thay d6i méi truong dat da xung quanh bién
duong 10, 1am cho bé mit dat da trén bién dudng 10 tir trang thai tu do chuyén sang trang thai chiu lyc. Dudi
tac dung nén ép cua hé thong neo du tng luc dwoc lap trén bién duong 16 1am cho khéi da sinh ra su dich
chuyén nguoc vé6i chidu dich chuyén vao khoang tréng khai dao theo phuong phép tuyén doc bién dudng
10, tir @6 c6 thé ngan ngira khdi d4 bi long roi bién dang vao trong dudng 10, 1am chdm va ngin ngira qua
trinh giam cuong d6 cua khéi da.

Theo ly thuyét dan hdi sau khi khai dao duong 16 vao trong khdi d4, trang thai phan bd ng suat thi sinh
trong khéi da xung quanh dudng 10 nhu sau: tng suat theo phuong hudng kinh giam manh, ing suét theo
phuong tiép tuyén ting, véi trang thai phan bd ing suit nay s& dan dén khdi da bi pha huy do cat. Dudi tac
dung ctia neo du g luc, s& lam ung suit theo phuong hudng kinh ting, sy ting ctia ing suat hudng kinh
lam cho tng sudt phan b6 déu va giam sy tap trung trén bién dudng 16, giam ng suit theo phuong tiép
tuyén. Nhu vay sau khi ldp dit neo du tmg lyc khong nhing cai thién trang thai Gmg sudt thir sinh trong
khdi d4 ma con 1am cho tmg suat nén ép dich chuyén sau vao trong khi da, didu nay c6 lgi cho sy on dinh
cua duodng 10.

Sau khi ldp dit neo du tmg luc, doc theo phuong tmg sut chinh o3 huéng vao sau bén trong khéi da sé
sinh thém lyc neo nén ép khdi da. Gia sir trang thai img suat phing tai mot diém bét ky nao dé trong khéi
da trude khi ldp dat neo du Gmg luc 13 61 va o3, toa do tam ciia duong tron tng sudt la (g , 0), ban kinh
dudng tron ng suét 1a % dudng tron tng sudt trong tng thé hién trén Hinh 1 (FkI4, 2019).

Vong tron A thé hién trudc khi lép dat neo du tng lyc; vong tron B thé hién sau khi lép dat neo dy Gng

Iyre. Toa ¢ tAm cuia dwong tron (g sudt khdi da sau khi cim neo la; (2 0), ban kinh dudng

tron wng suét la: (%‘m_“‘))

Nhu vay co thé thz"iy sau khi lép dat neo dy ung luc vao trong khdi da, trang thai ting suét tai mot diém
bat ky nao trong khoi da sau khi lap dat neo sé& cé loi cho sy 6n dinh ctia khéi d4, 1am cho dudng cong
cuong do tan du dich chuyén tuong doi 1én dudng tron g suat va cudong do tan du cua khoi da cling tang
Ién.
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Ciing tir hinh 1 c6 ‘ghé thy sau khi chdng giir neo dy ng luc cho khdi da s& 1am chuyén hoa trang thai
chiu luc 2 tryc cua kh()i’dé sang trang thai chiu’ luc 3 truc. Néu khoi dé xung quanh duong 160 dat dén trang
thai pha huy, thi irng suat 16n nhat tang tr czdén o3 + n10.

N/

nlq n3q

Hinh 1. Trang thdi tmg sudt va cuong dé cia khoi da triede va sau khi ldp ddt neo dir g luc
2.3. Tang luc khdng trwet gifa cic bé mgt phan cach

Trong khéi d4 thudng c6 cac bé mat phan cach (khe niit, mét phan 16p, mét phan phién) bé mat phan cach
ctia khdi d4 anh hudng dén cuong d9g, tinh thAm thau, tinh bét déng hudng, tinh lién tuc, cac tinh chét co hoc
va su phan tng suét trong khdi da. Mat phan cach 1a mot trong nhitng nhan t6 anh huéng dén cac qua trinh co
hoc trong khdi d4. Sau khi khai dao duong 10, Gmg suét chinh trong khdi d4 xung quanh duong 10 ¢6 su khac
biét rat 16n, dac biét tai bé mat khe nut rat dé xay ra mat on dinh, mot trong nhimg giai phap dé tranh sy truot
giita cdc bé mat khe nut trong khdi da xung quanh duong 10 1a str dung neo dy tmg luc dé lién két cac bé mat
khe nirt lai voi nhau. Néu mot khéi da trong vung gia ¢ neo du img lyc c6 mot bé mat khe ntt nhu trén hinh
2, trong d6 P 1a goc kep giita img suat chinh o3 va bé mit khe nut. De bé mit khe nut trong khdi da xung
quanh duong 16 sau khi dao khong xay ra dich chuyén truot, img suét cét trén bé mat khe niit phai thoa mén
diéu kién sau (7K U4. 2019):

|’L‘u| <G+ Ooptey; 4)
Trong d6: Cj - Luc dinh két trén bé mit khe nut; ¢j - Goc ma sat trong bé mat khe nut.
1 . 1 .

|Tﬂ| = 5(01' 03)sin2) + Eq(nl-n3)sm2[3 ) (%)
op = 6,c08%B + o3sin’P + n,qcos?P + nyqsin’p (6)

nsq

a3

_E/ o2mq
mq g;
o4
niq

Hinh 2. Phdn tich trmg sudt trén bé mdt khe nirt

Trong cong thirc (5) tai vé phai, phan thir nht cia biéu thirc 12 tmg suét cit truot trén bé mat khe nit,
vé phai phén thir hai ciia biéu thirc nguoc voi phan thir nhét cia biéu thirc (n1 < ng) 1a img suat ct khang
truot trén bé mat khe niit do hiu qua gia ¢b cua neo du g luc. Trong cong thic (6) vé phai phan thir nhat
thir hai cta biéu thirc 14 Gmg sut chinh o1, 63 va ing suat nén €p phap tuyen sinh ra trén bé mat khe nit, vé
phal phan thir ba, thir tu cua biéu thirc 14 gia tri (g suat nén ép phap tuyén sinh ra trén bé mit khe nirt niq
Vva nzq. Tir ddy co thé thay ring, neo du tng luc ¢ thé ngan ngira c6 hiéu qua dich chuyén truot ctia bé mat
khe nit, 1am tang tinh 6n dinh cho khdi da. Dong thoi neo dy tmg lyc lam gia ting ing suat phap tuyén
trén bé mat khe nurt trong khéi da, 1am ting luc khang cét truot ciia bé miat khe nut tir d6 1am khéi da xung
quanh dudng 16 6n dinh hon.

3. M6 phéng anh hwéng cia tham sé dw ing lwe dén dic tinh co hoc cia két ciu neo
3.1. Ldp md hinh mé phéng

Dé nhién ctru anh hudng cua tham sb du ng luc dén cac dic tinh co hoc cua két ciu chéng neo trong
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nghién ciru nay khong xét dén anh huong cua truong Gng suat trong luc cua khdi da va cong tac khai dao.

FLACSD 5.0

Tam dém neo

Tone

Thin neo don lip gitta
mo hinh

Hinh 3. M6 hinh nghién citu

M6 hinh mé phong anh huong cia tham sé du Gng luc cua neo dén dic trung co hoc cua cac bo phan
ctia két cau neo duoc sir dung bang phan mém Flac®® (45 & FS, #2255 °F, 2008, Itasca 2005). Kich thuéc cia
mo hinh ludi (chiéu dai x rong x cao = 6m x 0,6m x 4m), lap dat thanh neo du tng luc vao giira mé hinh
thé hién trén Hinh 3, nghién ctru cac phuong an thay ddi tham sé du Gng luc cua neo P = 20 KN, 40KN,
60KN, 80KN va 100 KN. Trong md hinh tinh lay kich thudc tim dém bang 150 x 150 mm, chiéu day tim
dém bing 10mm, mo dun dan hoi cua tim dém bang 200 GPa, hé s6 poisson p = 0,3, cudng do gisi han
cua tim dém bang 235 MPa, cudng do giGi han cua thanh neo bing 500 MPa, chiéu dai neo bang 2,4 m
duong kinh 22 mm. Cac tham sé cua khdi da va neo thé hién trén Bang 1.

Bdng 1. Tham s co hoc cua khoi da

Mat do Mo dunthé | Moduncat | Gocmasat | Cuong do khang Luc dich két
(kg.m) tich (GPa) (GPa) trong (d0) kéo (MPa) (MPa)
2500 2,18 1,45 32 0,40 1,10

3.2. Phan tich két qua dnh hweéng ciia tham sé du iing lwe dén dic tinh co hoc ciia than cét neo

Két qua md phong anh huong caa tham sé du ung luc dén luc doc truc caa than ct neo thé hién trén
Hinh 4.

1.20E+08 -
= [ T e ]
« 1.00E+08 | —+—T=20KN j
S —+~T=40KN
=] r
2 8.00E+07 | —T=60KN /|
8 —+T=80KN
5 6.00E+07 '+ T=100KN
5.
=
£ 4.00E+07
o
=5
= 2.00E+07
0.00E+00

02 04 06 08 1 12 14 16 18 2
Khoang céch tir diém dinh két dau neo/m

(=]

Hinh 4. Anh huong cia tham sé due iing lire d@én liec doc truc than neo

Tir két qua m6 phong thé hién trén Hinh 4 ta c6 thé thay rang khi thay ddi gid tri du ¢ng luc thi lec doc
truc tac dung I1én than cbt neo ciing c6 su thay ddi, gié tri du tng luc tac dung lén than cét neo cang 16n thi
lyc doc truc trong than ¢t neo ciing cang 16n, didu ndy co thé giai thich 1a khi gié tri du @ng luc tang s&
Iam cho than ¢t neo b kéo cing va than neo chiu luc ngay, khdng phai chd dén khi than ¢t neo khai thac
hét do gian dai mai chiu lyc. Tai doan dau neo tir 0 dén 0,8m 12 vi tri c6 lién két c6 dinh gitra than cét neo
va khéi da bang chat dinh két nén lyuc doc try bang 0. Tai doan chuyén tiép tir vi tri ¢ chat dinh két dén vi
tri khong c6 chat dinh két, doan nay tir vi tri 0,8m + 1,2m luc doc truc ting dan, doan tir 1,2m + 2,4m than
cdt neo chiu lyc déu vi day 1a doan than cbt neo tu do hoan toan khong cé lién két giira than neo va chit
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dinh két. Két qua md phong énh hudng ciia tham s6 dy tng luc dén dich chuyen doc truc cua than cét neo
thé hién trén Hinh 5.

6.00E+00
5.00E+00 | ——T=20KN .
— T =40KN
4.00E+00 | T 60KN .
3.00E+00 | ——T=80KN oo
.
2.00E400 | —+-T =100 KN - - -

1.00E+00 -

0.00E+00

Dich chuyén doc truc than neo/mm

-1.00E+00

-2.00E+00 . Khoéng cach tir diém dinh két déu neo/m

Hinh 5. Ankh hirong cia tham sé du ing liee dén dich chuyén doc truc than neo

Tir két qua md phong thé hién trén Hinh 5 ta thay khi thay d6i gia tri dw ang luc cta neo thi dich chuyén
doc truc trong than cdt neo ciing thay doi va gia tri dich chuyén khong déu nhau trén doc chiéu dai than cét
neo. Tai doan dau neo c6 lién két bang chat dinh két tir vi tri 0 + 0,8m doan nay c6 luc doc truc bang 0 nén
neo chwa chiu lyc chinh vi vay nén than cét neo doan nay khong bi dich chuyén, con doan dudi neo dich
chuyén c6 gié tri 16n nhat day 1a vi tri gan é cu neo nhat, doan chiu tac dung truc tiép khi gay du tng luc
tac dung I&n than cét neo vi vay gié tri dich chuyén doc than neo ciing 16n nhat. Gid trj dich chuyén c6 doan
mang gié tri m, c6 doan mang gia tri duong déy 1a do phwong chiéu dich chuyén nhu vay c6 thé thiy riang
doc trén than cbt neo hudng dich chuyén khong phai 1a mot huéng ma tly vao trang thai chiu lyc ma hudng
dich chuyén c6 thé khac nhau.

3.3. Phan tich két qud dnh hwéng ciia tham sé dur iing liee dén diic tinh co hoc ciia tdm dém neo

Két qua m6 phong anh hudng cua tham sb du tng luc dén tng suat phéap tuyén trén tim dém neo thé
hién trén Hinh 6.

S.00E+07
4.00E+07 - —+—T=20KN
—+—T=10KN

3.00E+07 | ‘\ —e—T=60KN
N —=—T=80KN

2.00B+07 —+—T=100KN

1.00E+07

0.00E+00

150

Ung suat phap tuyén trén tim dém/Pa

-1.00E+07 -

Toa dd kich thude tAm dém neo/mm

Hinh 6. Anh hirong cuia tham sé due ing liee dén 1ing sudt phap tuyén trén tam dém neo

Tir két qua mod phong thé hién trén Hinh 6 ta c6 thé thay rang khi thay ddi gié tri dy tng lyc thi sy phan
bé wng suit theo phuong phép tuyén trén bé mat tim dém ciing c6 su thay d6i, gia tri du tng luc cang Ién
thi gi tri phan bé wng suét trong tim dém neo ciing cang 16n, diéu ndy cé thé giai thich 1a khi gi4 tri du
ng luc ting s& tac dung lec 18n tim dém cang 16n, 1am cho tAm dém bi ép st vao bé mit khéi da trén bién.
Trong céc tmong hop thay ddi gia tri du ung luc, trén truc hoanh tai vi tri diém tam cua tam dém bang
75mm la vung tap trung tng suat nén Ién nhat va phan bé tmg suat giam dan khi vé ph|a bién tim dém, tai
vi tri diém c6 toa do 50mm va 100mm gié tri &ng suat giam xudng bang 0 day 1a diém trung hoa khong
chiu g sut kéo va nén, tai nhirng vi tri nam giira khoang 20mm + 75mm va tir 100mm < 125mm la vj tri
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tam dém chiu kéo. Con viing ngoai bién tm dém tir vi tri Omm + 25mm va 125mm + 150mm trén bé& mat
tam dém it chiu anh huong cua gia tri du ung lyc. Két qua md phong anh huong cua tham so du ung luc
dén (ng suat phap tuyen trén bé mat tam dém neo thé hién trén Hinh 7.

3.00E+06
—+T=20KN
250606 N / —T=40KN
/ ' ) ——T =60 KN
2.00E+06 /oA M0 e T=80KN

——T =100 KN
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5.00E+05

Ung suét tiép tuyén trén tim dém/Pa

0.00E+00

0 25 50 75 100 125 150
Toa d9 kich thudc tim dém neo/mm

Hinh 7. Anh hirong cua tham sé duw ing liee dén 1ing sudt tiép tuyén trén tam dém neo

Tir két qua mod phong thé hién trén Hinh 7 ta ¢ thé thay rang khi thay ddi gié tri dy Gng lyc thi sy phan
b ung suat theo phuong tiép tuyén trén bé mat tim dém ciing co6 su thay doi, tai vi tri tam giira tim dém
gia tri ng suat tiép tuyén bang 0 va dat gia tri 1on nhat tai vi tri ¢6 toa d6 bang 50mm va 125mm tng voi
C4cC gi tri tAc dung du tng luc. Tai phan bién cua tim dém khi thay d6i gié tri du ung luc thi gié tri ung
suit tiép tuyén nho va khong chénh léch nhau nhiéu didu ndy cho thiy viing ngoai bién cua tim dém it bj
anh huong khi gay dy tng luc cho neo. Két qua md phong anh hudng caa tham sé du tng lec dén dich
chuyén phap tuyén trén bé mat tim dém neo thé hién trén Hinh 8.
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5.00E-03 r A\ e T—20KN
" 4.00E-03 | f oA\ ——T=40KN
/ —+ T=60KN

3.00E-03 F
——T=80KN

2.00E-03 r ——T =100 KN

1.00E-03 r

0.00E+00

-1.00E-03 r

Dich chuyén phép tuyén trén thm dem/mm

Toa d6 kich thuéc tim dém neo/mm

-2.00E-03 -

Hinh 8. Anh hirong ciia tham sé due ieng liee dén dich chuyén phéap tuyén trén tam dém neo

Tir két qua mo phong thé hién trén Hinh 8 ta c6 thé thiy rang khi thay ddi gia tri dw ung lyc thi gia tri
dich chuyén theo phuong phip tuyén trén bé mit tim dém cling c6 sy thay dbi. Tai vj tri tng suét phap lén
nhét thi dich Chuyen theo phuong phép tuyén trén bé mat tam dém ciing lon nhét, tai vi tri dich Chuyen theo
phuong phéap tuyén nho nhat cling ung véi gia tri g suit phap tuyén nho nhit. Nhu vay c6 thé thiy ring
{rng suét theo phuong phap tuyén la mot trong nhirng nguyén nhan chinh gay radich chuyen theo phuong
phap tuyen trén bé mat tam dém neo. Két qua mé phong anh hudng cua tham sb du ing hee dén dich chuyén
tiép tuyén trén bé mat tim dém neo thé hién trén Hinh 9.
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Hinh 9. Anh huong tham so du 1ng luee @én dich chuyén tiép tuyén trén tam d@ém neo

Tir két qua mo phong thé hién trén Hinh 9 ta c6 thé thay rang khi thay ddi gié tri dy ung lyc thi gia tri
dich chuyén theo phuong tiép tuyén trén bé mat tim dém ciing c6 su thay doi. Tai vi tri tng suat tiép tuyén
I6n nhét thi dich chuyén theo tiép tuyén trén bé mat tim dém ciing 16n nhat, tai vi tri dich chuyén theo
phuong tiép tuyén nho nhat ciing tng véi gia tri (ng sut tiép tuyén nho nhat. Nhu vay c6 thé thiy ring
g suit theo phwong tiép tuyén 1a mot trong nhitng nguyén nhan chinh gay ra dich chuyén theo phuong
tiép tuyén trén bé mat cua tim dém.

4. Két luan

Tir két qua phan tich ly thuyét va mo hinh md phong anh huéng cua tham s6 dy g lyc dén dic tinh co
hoc cua két ciu chdng neo ta rit ra mot s6 nhan xét sau:

Sau khi chéng gitr bang neo du tng luc cho khdi da xung quanh duong 10 s& 1am cho cac thong sb co
hoc khéi da xung quanh dudng 16 dugc cai thién theo huéng cé loi, 1am thay ddi trang théi chiu luc cua
khoi da tir trang théi hai chiéu sang trang thai chiu luc ba chiéu, lam thay d6i truong wng suat cua khdi da
trén bién dudng 16 theo hudng tir chiu kéo chuyén sang chiu nén va 1am ting lyc khang truot giira cac bé
mat phan céch trong khéi da.

Tham s dy tng lyc ciia neo ¢6 anh hudng dén cac dic tinh co hoc cua cac bo phan két cdu neo nhu than
cot neo va tim dém neo, gia tri du (ing lyc cang Ion than cot neo va bé mt tim dém chiu luc va bién dang
cling cang 16n, gia tri du ung luc nén lua chon phu hop véi ting loai duong kinh cbt neo, cudong d6 cua
than cbt neo ciing nhu kich thude cuong do cua tdim dém neo, neu gié tri du ung lyc 16n qué sé lam cho
than cbt neo bi dut, 1am cho tim dém bj ubn cong chinh vi vay can phai lya chon gia tri du ung luc phu hop
ddi vai ting loai neo va tim dém trong cac thiét ké chong git duong 10 bang két cau chong neo.
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ABSTRACT

Research on the effect of prestressed parameters on the mechanical
characteristics in bolt structure

Dao Viet Doan**, Vu Duc Quyet?, Nguyen Duyen Phong?
L Hanoi University of Mining and Geology
2 Quang Ninh University of Industry

The paper analyzes some of the main effects of prestressed bolt for roadway support such as improving
the mechanical parameters of the roadway surrounding rock, improving the bearing state and stress field in
roadway surrounding rock and increased shear force, slip resistance between separating surfaces of roadway
surrounding rock. In addition, this paper also uses numerical methods to conducted simulation models with
the size of the model is length x width x height = 6m x 0.6m x 4m, installing prestressed bolt bar with length
of 2.4 m in the middle of the model, using resin roll bolt with bolt head cohesion length of 0.8m, studying
the effect of changing prestressing parameters to the mechanical properties of the bolt body and the bolt
plates. The simulation results with the input condition parameters as above simulation show the dependence
between the prestressing parameters to the mechanical properties of the bolt body and the bolt plates, also
from the research results show the laws of bearing, deformation of the bolt body and bolt plates when
changing the prestressing parameters value in the bolt body.

Keywords: Prestressed bolt; effects of prestressed bolt, numerical methods, mechanical characteristics of
bolt.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Két cau neo bién dang Ion va dé xuat ap dung chéng gitr
cho duong 10 dao qua khoi da@ mém yeéu vung Quang Ninh

Pao Viét Poan” )
Trirong Pai hoc M¢ - Dia chat

TOM TAT

Bai bao gii thigu vé hién trang nghién ciu 4p dung va xu huéng phat trién mot sb loai neo bién dang
I6n &p dung dé chéng giir trong cac dudng 10 khi dao qua dat d4 mém yéu bién dang Ién. Thong qua thong
ké, tong hop, phan tich cac loai neo bién dang I6n hién dang sir dung trén thé gioi bai viét tién hanh phan
loai neo bién dang Ién thanh neo bién dang 16n sir dung vt liéu gian dai va neo bién dang 16n sir dung két
céu dac biét tir ¢ phén tich nguyén 1y lam viéc ciing nhu wu nhuge diém cua tirng loai neo nay. Bai viét
cling phan tich cac van dé ton tai cua loai hinh két cdu neo bién dang 16n va néu ra mot vai kién nghi vé xu
huéng tiép tuc phét trién loai hinh két ciu neo ndy. Dya trén diéu kign khoi da mém yéu bién dang Ién, hién
trang trang thiét bi trinh d6 thi cong, nang luc gia cong ché tao cua cac mo ving Quang Ninh dé xuat &p
dung 2 loai neo bién dang 16n 1a neo bién dang Ion c6 ong giam 4p va neo cong luon séng bién dang Ion
chéng giit cho cac dudng 10 dao qua khdi da mém yéu bién dang 16n ving Quang Ninh.

Tur khoa: Chéng giir khéi d4 mém yéu; két ciu neo bién dang lon; xu huéng phét trién két ciu neo; hi¢n
trang két cau chong neo.

1. D3t van dé

Két cAu chdng neo di va dang duoc sir dung phé bién dé chdng giir cac duong 10 trong mé vi nhitng wu
viét caa loai hinh két cau chdng nay 1a két cau chdng cha dong, nhe ...vv. Nhung mét trong nhiing thach
thire 16n nhét cua loai hinh két cau chdng nay 1a do két cu c6 tinh cing 16n, do bién dang nho chinh vi vay
thuong it hiéu qua khi chdng gitr duong 16 dao qua khéi da mém yéu bién dang I6n. Hién nay trén thé gigi
da co rat nhiéu cac nghién ciru thiét ké ché tao loai hinh két cau neo cd tinh bién dang lon dé chéng giir cac
duodng 10 dao trong khdi ¢ mém yéu bién dang Ion (£, Z245E, ¥ 5. 5 2014; K%, ikE, T
.55 2016; REPIE, R FE, TRVT.5F 2018).

Thuce té cho thdy, sy mét hiéu qua chdng giit cua cac loai neo cé tinh cing 16n thuong biéu hién duéi
dang: do tinh bién dang nho dan dén than cét neo bi kéo dat, cit dat; kéo tudt chat dinh két gitra than cbt
neo vai thanh 15 khoan; v& nut tam dém neo va & cu neo (E5, BRfel, H#E. 2020). Khi chéng giir cac
duong 16 dao trong kh01 d4a mém yéu bién dang Ion, hay ¢6 &p lyc 16n, hay c6 tinh Iuu bién, hay trong pham
Vi anh huong cia nd da thi cac hién tuong mat hiéu qua cua neo néu trén cang trd nén pho bién. Bé giai
quyét van dé nay nhiéu tac gia da dé xuét ra loai hinh neo méi thich ung véi diéu kién bién dang I6n cua
khéi da hay con goi 1a neo bién dang I6n (ENI, 25458, #5558, ££2014; 3K%, Tk &8, VEIK. 2% 2016;
REP i, ESEE, SKRAT.AF 2018).

Neo bién dang lon hay con goi 1a neo c6 d6 gidn dai lon, neo giam &p, neo giai phong &p luc, neo hap
thu ning luong hoic neo giai phéng tng suét...vv, loai neo nay cac bo phén cua neo thuong c6 cudng do
cao va c6 kha niang bién dang cuing vai su bién dang cua khéi da. Khi chdng giir khdi da bién dang Ion loai
neo nay c6 tinh truot hoic tinh gidn dai dong thai cé phan tng nhanh véi tai trong du 16n tac dung. Véi dic
tinh trén loai neo bién dang lon thuong ap dung dé chdng gitr cac duong 10 dao trong khdi da mém yéu, ap
luc cao, khéi dé co tinh Iuu bién, cac dudng 10 nam ¢ do sau 1on. Hién nay cac don vi thiét ké va thi cong
trong linh vuc khai thdc mo rat it 4p dung loai hinh két cau neo bién dang Ién dé chéng giir duong 16 dao
qua khdi ¢4 mém yéu vi loai neo nay thuong khong phé bién, két cau phtc tap, thi céng khé. Chinh vi vay
can phai khic phuc cac van d& con ton tai doi véi loai neo nay dé tir d6 tiép tuc nghién ctu phét trién, ché

* Tac gid lién h¢
Email: daovietdoan@gmail.com
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tao va ap dung thu nghiém tién dén san xuat va sir dung phé bién chéng giir cac dudng 10 khi dao qua khdi
da mém yéu.

2. Hién trang cong tac nghién ciru két ciu neo bién dang lén

Két cau neo bién dang Ion di va dang dugc nghién ciru ché tao va p dung thir nghiém chéng giir cac
duong 10 dao trong khdi da mém yéu trén thé gisi va di dat dwoc mot sb két qua nhat dinh. Hién tai trén
thé gi6i thuong thay céc loai neo bién dang 16n da duoc nghién ctiu &p dung bao gom:

- Neo Cone la loai neo bién dang 16n do Jager va Ortlepp thiét ké ché tao va &p dung thir nghiém vao
niam 1992 tai mo dudi sdu dé phong ngira khdi da ¢ hién tugng nd da, két ciu caa neo bao gdom tam dém,
& cu, than cbt neo tron tron c¢6 phan dau neo dang hinh nén, trong dau neo hinh nén ¢6 phan dau dao tron
vira dinh két thé hién trén Hinh 1. Nguyén ly 1am viéc cua loai neo nay 1 khi khéi da bién dang sé truyén
tai trong 1&n phan dau neo, dudi tac dung cua &p luc phan vira dinh két tai ¢au hinh nén duoc dao tron,
thong qua phan luc ngugc chiéu duoc sinh ra tai phan vira dinh két ¢ dau cone tao ra luc khang chéng gitr.

Smooth bar

Hinh 1. Cdu tgo cziia neo Cone Hinh 2. Cdu tgo cia neo Durabar

- Neo Durabar la loai neo bién dang Ién do Ortlepp va nnk thiét ké ché tao vao nim 2001, than thép neo
loai nay duoc gia cong thanh hinh séng thé hién trén Hinh 2. Loai neo nay ding chét dinh két 1a vira xi
mang dinh két toan chiéu dai than neo vai thanh 15 khoan. Nguyén ly 1am viéc cua loai neo nay 1a khi neo
chiu luc kéo vuot qué gidi han thiét ké thi doan than thép dang séng s& tach khoi vira xi mang dinh két,
than neo Ilc nay s& bat dau gian dai & doan lwon séng. Luc khang chdng giit dwoc tao ra & phan dinh két
phan cbt neo khong luon séng, mirc do bién dang cua loai neo nay phu thudc vao chiéu dai doan lwon song
trén than cét neo.

- Neo Roofex 13 loai neo bién dang I6n loai cit duoc thiét ké ché tao boi Cong ty Atlas Copco vao nim
2007. Két cau ciia neo do than thép tron tron, bo phan thap thu niang lugng bién dang va ong lién két cau
tao thanh thé hién trén Hinh 3. Nguyén ly lam viéc cua loai neo nay la khi neo chiu luc kéo vuot qua gia tri
thiét ké than cot thép tron tron s& bi kéo khoi ong lién két. Trong qua trinh kéo dinh chét cat trong co cau
hap thu ning lwong s& cét thanh thép tron tron thanh ranh, lyc khang cit duoc sinh ra trong qué trinh cat s&
tao ra lyc khang chéng giir, luong bién dang cua loai neo nay do chiéu dai cdt thép tron tron trong ong lién
két quyét dinh.

Drill hole m rock

Upset and bolt

¥ Polymer coating

Hinh 3. Cdu tao cia neo Roofex Hinh 4. Céu tao cia neo Yild - Lok

- Neo Yild - Lok la loai neo bién dang 16n loai cit do Cong ty Jennmar Canada thiét ké ché tao vao nam
2010. Neo c6 cau tao tir than thép tron tron, phan dau ma rong bang hop chét polymer thé hién trén Hinh
4. Nguyeén ly lam viéc cua loai neo nay la khi luc kéo vurgt qué tai trong thiét ké, phan dau mo rong bang
hop chat polymer s bi cat, théng qua luc khang cét sinh ra khi bi cat cung cap lyc khang chéng gitr, luong
bién dang do chiéu dai ciia phan mé rong bang hop chét polymer quyét dinh.

- Neo Garford 1a loai neo ma sat bién dang 16n do Cong ty Garford cua Uc thiét ké ché tao vao nim
2008, két cau neo bao gdm than cét neo tron tron, khép lién két nén ép va doan éng ren diu neo ciu tao
thanh thé hién trén Hinh 5. Neo sir dung chét déo dinh két giira than neo véi thanh 15 khoan. Nguyén ly lam
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viéc cua loai neo nay la khi khéi da co bién dang s& lam cho than cot thép tron tron bién dang kéo, thdng
qua khap lién két’nén ép lém‘cho théq neo tron tron bi bién dang co ép tur do sin}l ra luc lghéng truot cung
cap lyc khang chong gitr, chiéu dai bién dang phu thugc vao chiéu dai cua doan ong ren dau neo.

Resin mixer Anchor Smooth bar

Hinh 5. Cdu tgo cia neo Garford

- Neo D Ia loai neo bién dang 16n do Li thiét ké va ché tao vao nam 2010, neo dwoc cAu tao bai than
thép tron tron va doc chiéu dai neo c¢é cac phan rinh 1dm. Do cudng d6 than cét neo véi cudong do chét dinh
két c6 dac tinh khac biét nhau, khi khbi da bién dang s& sinh ra bién dang kéo trong than neo, than cét tron
tron khi chiu lec phan chét dinh két s& bi tach ra than cét neo s& bién dang cuing véi bién dang cua khéi da,
chiéu dai bién dang phu thudc vao chiéu dai doan ranh 16m va do gian dai cua cdt thép.

Hinh 6. Cfciu”tao cianeo D

- Neo giam 4p 1a loai neo bién dang I6n hién dang dugc sir dung rong rii dé chdng giir cac duong 10 &p
luc 16n, khéi da co bién dang 16n. Su khac biét gitra neo giam &p véi neo thuong 1a neo giam ap c6 thém
mot éng giam &p thé hién trén Hinh 7. Théng qua dng giam ap lap giita tim dém va & cu neo dé thyc hién
bién dang cua két cau neo cling véi bién dang cua khdi da lam cho khéi da bién dang giai phong ap luc.
Sau khi 6ng giam &p bi nén bep hét kha nang thiét ké neo s& tré vé trang thai 1am viéc cia neo thuong.

28
@S
Hinh 7. Cdu tgo cia neo giam ap

3. Phan loai neo bién dang Ién

Theo thdng keé trén neo bién dang 16n rat da dang vé hinh thic ciing nhu vat liéu ché tao. Dya vao nguyén
ly 1am viéc cua neo bién dang I6n tac gia d& xuat phan chia loai neo bién dang Ién thanh 2 loai bao gom:
loai sir dung két cAu bién dang dac biét va loai sir dung vt liéu c6 tinh gian dai.

1) Loai neo bién dang I6n str dung két cau bién dang dic biét: Trong cac bo phan cua loai neo nay thuong
c6 két cau bién dang dic biét. Khi khéi da xung quanh dudng 10 xay ra bién dang, cac két cu dic biét nay
dudi tac dung cua luc kéo hoic luc nén s& ciing bién dang véi su bién dang cua khéi da xung quanh, ddng
thoi duy tri luc khéng chdng giir. Dua vao su khac nhau cua két cAu bién dang dac biét cd thé phan thanh 3
loai bao gom: két cau bién dang dic biét loai ma sat, két ciu bién dang dac biét loai cit va két ciu bién
dang dic biét loai pit tong. Thong thudng neo bién dang I6n loai ma sat théng qua luc ma st truot sinh ra
trong cac bo phan cua két ciu neo dé tao ra luc khang chéng gitr; neo bién dang I6n loai cét thong qua phan
lyc cat sinh ra trén cac bo phan két cau dao cat trong két cdu neo dé tao ra luc khang chdng giir; con neo
bién dang 16n loai pit tong théng qua bién dang cia co cau 10 xo dan hoi cua két cau pit tong lién két véi
than cot neo hozc pit tong thuy luc dé tao ra luc khang chdng gir.

2) Loai neo bién dang Ién st dung vat liéu c6 tinh gidn dai I6n: Loai nay thuong 1a bo phan than cot neo
s& str dung vat liéu c6 do gian dai lon. Khi khdi da xung quanh duong 10 xay ra bién dang than cbt neo dudi
tac dung cua luc kéo di I6n than cot neo s& bién dang cung véi sur blen dang cua khéi da, khi Iuc kéo tac
dung 1én than neo nho thi than neo s& khong bién dang. Dya vao ciu tao cua loai neo nay thuong cd cac
dang trén than ¢t neo co cac doan ranh 1m, trén than cot neo thiét ké cong lwon séng. Loai neo nay thudng
sir dung chét dinh két 1a chat déo hoac vira xi ming, khi lyc kéo du 16n tai vi tri 18m hoic cong lwon séng
trén than cét neo sé& bién dang cling vai bién dang va pha hay phan chit dinh két & doan nay 1am cho than
neo bién dang cuing véi bién dang cua khéi da.
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Véi hai loai neo bién dang Ién trén thi loai c6 két cdu dac biét dwoc sir dung nhiéu hon vi gia thanh
thudng ré hon loai sir dung vat liéu c6 tinh gian dai 16n.

4. Mt sb loai neo bién dang 16n sir dung két ciu dic biét
4.1. Két cdu neo ma sét bién dang lon

Loai neo nay sir dung vira xi ming hoic chét déo lién két gitra két cau than neo vai thanh 15 khoan.
Nguyén ly 1am viéc caa loai neo nay khi khéi da c6 bién dang, than neo dudi tac dung cua lyc kéo 16n hon
luc ma sat cua két cau bién dang dac biét thi két cau dic biét trong két ciu neo s& truot dé thyc hién bién
dang, khi luc kéo nho hon luc ma sat thi két cau bién dang dac biét s& khong truot tir d6 tao ra luc khang
Chéng giir. Loai neo nay thuong bién dang cung khéi da khi than cdt neo chiu luc kéo du 16n dd va gid tri
bién dang thuong kha Ién, thich hop dé chong giir cac duong 16 dao qua khéi da mem yéu, khdi dé luu bién,
khoi da tai do sau I6n va khbi d4 trong pham vi bi anh huong cua hién tuong nd da. Uu dlem cua loai neo
nay la két cdu kha don gian, vat liéu lam than cot neo va két cau dac biét khéng co yéu cau cao, gia cong
don gian, gi4 thanh thap, nhugc diém 1a ma sét sinh ra nhiét s& 1am giam luc khang chéng git, két cu ma
sét bi 140 h6a va khi neo chiu lyc cit s& 1am cho két cdu ma sat khong phat huy dugc tac dung.

Trén Hinh 7 (5%, PRfT, %, 2020) la mot loai neo ma st bién dang 16n. Céu tao cua két ciu neo loai
nay gom: & cu chan, & cu dudi neo, tim dém, than cbt neo, dng 16t hap thu niang luong gay bién dang, éng
ngoai, kep doan dau, Chét dd hinh ném, chét do ma sat cau tao thanh. Thong thudng sau khi khai dao duong
10 vao trong khbi ¢4 mém yéu, thoi gian dau khéi da xung ‘quanh duong 10 s& gidi phong nang lugng phat
sinh bién dang kha lsn. Cung véi sy bién dang Ion cua khdi d4, két cdu neo sé bi kéo gay ra chuyén dong
truot gitta c4c dng v&i nhau theo phuong hudng kinh, cu thé khi ap luc bién dang cua khéi d4 xung quanh
duong 16 vuot qué lyc ma sat chong truot cua cac b phan truot trén két ciu neo lic nay chét d& hinh ném
bi nén ép lam bién dang ng 16t hap thy niang luong tao diéu kién cho ng 16t truot trong dng ngoai lam cho
két cau neo bién dang cuing véi bién dang cua khéi da. Tac dung cua chdt ¢ ma sat 1a dudi tac dung chong
dd ctia dng ngoai sé tiép xuc chat véi dng 16t dé sinh ra luc khang chdng gitr. Khi khbi da bién dang & mic
dd nho, luc kéo tac dung I&n than cét neo nho hon lwc ma sét trén thanh cua 6ng 16t vai dng ngoai cua két
céu neo lic nay hai 6ng nay s& khong bi truot 1én nhau.

Ecu Tam dém Than cét neo Ongngoai  E cuchin
dudi neo | Ong 16t hip thu
nang hrong
gay bién dang
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Chét d& Chét do
hinh ném ma sat

Hinh 7. Két cdu neo ma sat bién dang I6n

Kep doan diu

4.2. Két cdu neo kiéu cdt bién dang lon

Loai neo nay sir dung vira xi ming hoic chat déo lién két giira két cau than neo vai thanh 15 khoan.
Nguyén ly 1am viéc cua loai neo nay la khi khdi d4 bién dang, dudi tac dung cua ap luc bién dang than cét
neo s& bi cit truot dé thyc hién bién dang cung véi khdi da xung quanh. Khi lyc bién dang khong du I6n
dao cit trén két cdu neo khong cit dugc than neo sé sinh ra luc khang chéng git.

Neo kiéu ct bién dang 16n c6 kha niang bién dang cing véi su bién dang cua khéi da, gia tri bién dang
khé I6n, c6 kha nang sinh ra lyc khang chong giir khong ddi, thich hop dé chéng giit cac duong 16 dao qua
khbi da mém yéu, khdi da luu bién, khdi d4 tai d6 su 1on va khdi da trong pham vi bi anh huéng cua hién
tuong nd da. Uu diém cua loai neo nay la két cdu neo twong ddi don gian, vat liéu ché tao d& tim kiém,
cdng nghé gia cong khong phtc tap, c6 thé tranh duoc van dé két cdu phat nhiét dan dén mat kha nang lam
viéc. Nhuoc diém 12 yéu cau cua dao cat khé cao, gia thanh cao, khi dao cat mét tac dung s& dan dén lyc
khang chdng gitr mat di, khong giai quyét dugc viéc loai bo mat cit dan dén dao cit bi ket tham chi mét
kha nang cat truot than neo. Loai neo nay khong phu hop khi thanh neo chiu luc cit va luc udn, khi chiu
luc cat cua khéi da cac bo phan két cdu cua neo s& khong truyén duoc luc kéo din dén két cau mét tac dung
cét truot hay ndi cach khac két cau neo luc nay khong bi bién dang.

Trén Hinh 8 ((£3%, Fif, B #%. 2020) 1a mot loai neo kiéu cat bién dang 16n, két cau neo bao gom: than
cdt neo, 6ng khang luc khong do6i va dao cit ciu tao thanh. Khi khdi da xay ra bién dang tac dung luc di
I6n, dao cit lién két trén thanh 5ng khang luc s& dich chuyén va cét vao than cét neo tao ra bién dang cua
két cAu neo, trong qué trinh dao cit trén than cbt neo s& tao ra khang luc chdng giir. Ngoai ra dé cho két cau
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neo dé& bj cit truot thi trong phan két dinh & vj tri doan than cbt neo c6 duong kinh nho s& boi trude cac
chat tron truot.
Ong khéng hrc Dao cit Thén cét neo
/
L ¥
’ I3 2 ’ I.r"
Hinh 8. Két cau neo kiéu cat bien dang lon

4.3. Két cdu neo pit tong bién dang lén

Loai neo nay sir dung vita xi mang hoac chét déo lién két giita két cau than neo véi thanh 15 khoan, két
céu pit tong duoc lién két vai than cdt neo va nam ¢ bén ngoai 16 khoan. Nguyén ly 1am viéc cua loai neo
nay la khi khi d4 bién dang, than cét neo chiu luc kéo s& dan dén co céu pit tong bién dang cung véi su
bién dang cua khéi da, lugng bién dang duoc khong ché bai chiéu dai co cau pit tong. Trong qua trinh pit
tong bién dang, trong co ciu pit tong xay ra bién dang dan hdi, bién dang déo hoac théng qua dng pit tdng
thay luc cung cap lec khang chéng gii cho két cau neo.

Neo pit tong bién dang Ion ¢ kha nang bién dang cing bién dang ciia khéi da xung quanh dwong 10, do
chiu sy han ché cua két cau pit tong nén gia tri bién dang ciing kha nho. Pay 1a loai neo thich hop dé chéng
giit cac duong 10 dao qua khdi da mém yéu, khéi da luu bién, khdi da tai do sau I6n va khdi d4 trong pham
vi bi anh huong cua hién tuong nd da. Uu diém cua loai neo nay 1a co cau pit tong bién dang lip ¢ bén
ngoai 16 khoan nén thuan tién cho cong tac quan st bién dang, cé thé thich tng véi bién dang cét cua khéi
da tac dung Ién than c6t neo. Nhuoc diém 14 cong tac gia cong ché tao co cau pit tong bién dang phtc tap,
tinh 6n dinh caa két cau pit tong kém, do co cau pit tong lap & ngoai 15 khoan nén d& anh huéng cua cong
t&c thi cong.

Trén Hinh 9 (IJ\, B{rT, ®IHE. 2020) 12 mot loai neo pit tdng bién dang lon, cdu tao gém: than cbt neo,
tam dém, € cu, co cAu pit tng 6 ong ngoai, 10 xo dan hoi, doan chuyén dong, l4p kin va bo phan Chuyen dong
dudi neo ciu tao thanh. Sy phdi hop gitra 16 xo dan héi trong doan pit tong voi chuyen dong ciia dng ngoai
dé thuc hién cung bién dang cua két cau neo vai khéi da xung quanh. Sau khi két cau neo gian dai s& lam
tang luc khang chdng gitr cia neo bao dam cho khéi da duy tri 6n dinh.
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Hinh 9. Két cdu neo pit tong bién dang lon
4.4. Két cdu neo giam ap bién dang lén

Loai neo nay sir dung vita xi mang hoac chat déo lién két giira két cau than neo vai thanh 15 khoan, két
c4u dng giam ap duoc lap tai phan dudi neo va nam & bén ngoai 16 khoan. Nguyén ly 1am viéc cua loai neo
nay la khi ap lyc dat da xung quanh duong 10 16N, lyc kéo toan neo tdng va 16n hon kha nang chéng nén
bep cua ong giam ap lic nay neo giam ap moi phat huy tac dung bang cach truyen lye kéo d6 qua tam dém
sang 6ng giam ap, lam cho dng giam &p tir tir bi nén bep tir d6 cho phép dit da xung quanh gian ng giam
bt &p luc 1én than COt neo, gid tri lvong bién dang duoc khong ché bai chiéu dai co cdu dng giam ap. Khi
neo bi kéo chua 16n éng giam ap nai riéng va toan két ciu neo giam ap noi chung chwa phat huy tac dung
giam &p chlng van chi c6 tac dung nhu neo thong thuong.

Neo giam &p bién dang 16n c6 kha nang bién dang cung bién dang cua khéi d4 xung quanh dudng 19,
thich hop dé chong giit cac duong 16 dao qua khbi da mém yéu, khdi dé luu bién, khdi da tai do sau 16n va
khéi da trong pham vi bi anh huéng cua hién tugng no da. Uu diém cua loai neo nay Ia dng giam ap ¢6 cau
tao don gian, lap & bén ngoai 15 khoan thuan tién cho cong tac quan sét bién dang, c6 thé thich (g véi bién
dang cat cua khdi d4, nhuoce diém la chiéu dai neo tang, ton kém nguyén vat liéu, khi than neo chiu uén va
chiu cit 6ng giam &p s& khong c6 téc dung.

Trén Hinh 10 (bao Viét Poan, Do Thuy Dang, 2013) la mot loai neo glam ap bién dang lon, CAU tao
gom: than cdt neo, tim dém, & cu, éng giam ap cau tao thanh. Ong giam ap co thé thiét ké ché tao voi cac
quy cach khac nhau dé dap tmg dwoc diéu kién bién dang va ap luc cua khéi dat da xung quanh duong 10.
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Hinh 10. Két cdu neo giam &p bién dang lén
5. Két cau neo bién dang Ién sir dung vat liéu c6 tinh gidn dai

Dic trung chii yéu cua loai neo sir dung vat lidu c6 tinh gidn dai 16n 1a thong qua tinh wu viét cua vat
liéu ché tao than ct neo hodc thiét ké mot bo phan nao do6 cua két ciu neo dé phat huy dac tinh gidn dai
cua vat liéu, tir d6 dat dugc muc dich két ciu neo cuing bién dang véi khéi da va tao ra luc khang chdng
gitr.

Nguyén Iy 1am viéc cia loai neo ndy Ia khi khdi d4 xung quanh duong 10 bién dang than cét neo s& chiu
tac dung cua lee kéo, doan cong lugn song trén than cét neo dudi tac dung cua luc kéo doc truc du 1on s&
bi kéo gi&n dudi ra lam tang chiéu dai than ¢t neo va ciing bién dang voi khbi da.

Loai neo nay c6 thé cling bién dang vai su bién dang cua khéi d4, nhung do than cbt neo thuong lam
bang vat liéu hop kim thép c6 do gidn dai nho nén gia tri gian dai cling han ché. Khi khéi da xung quanh
duong 10 tang theo thoi gian thi doan cong lugn song trén than cbtneo cling bi kéo dudi dan ra va luyc khang
Chong gitr trong than cbt neo s& dan giam di. Day la loai neo thich hop dé chdng gitr cac duong 16 dao qua
khdi da mém yéu, khbi da Iuu bién, khdi dé tai do sau 16n va khdi da trong pham vi bi anh huong cua hién
tugng nd da. Uu diém cua loai neo nay 1a khic phuc duoc nhuoc diém cua loai neo bién dang Ion st dung
két cau bién dang dic biét, lyc chdng gitr co do tin cay cao, khi chiu luc cit va uén caa khéi da neo van
phat huy dugc mot phan tac dung. Nhuoc diém 1 vat liéu ché tao neo c6 yéu cau do gidn dai cao, gié tri
bién dang cuaa than thép thudng nho.

Trén Hinh 11 (28, BR{T, EHE. 2020) 12 mot loai neo bién dang Ion st dung vt lidu c6 tinh gidn dai,
ciu tao gdm: doan than dinh két dau neo, doan than ct cong lugn séng, doan than cd ren dudi neo, ban
thép tron, long den cao su, tim dém kim loai, & cu van chat va ring tron chat déo cAu tao thanh. Poan cong
lwon song co do gidn dai 16n c6 kha nang thich tmg dwoc bién dang I6n cua khéi d4 hozc bién dang 16n do
luc xung kich, dép tmg dugc kha ning giam &p va hap thu ning lwong bién dang nhanh, ddng thoi sinh ra
phan luc tac dung trong pham vi chong giit ciia khéi da. Khi doan cong lwon séng bi kéo dudi thang ra hoan
toan thi tac dung cua thanh neo lic nay nhu mot thanh neo cuong do cao cd kha nang chiu tai lon.

Ra_'ﬂo'ﬁ‘on Boa.ntha:ﬂ Poan thdn Long den Poan thin

Hinh 11. Két cdu neo cong heon song bién dang lén

Trén Hinh 12 (FE#8, FR{7, EHZE. 2020) 1a mot loai neo bién dang Ion duoc thiét ké ché tao nam 2018
boi Ma Xia Ting, day 1a loai neo c6 két cAu gian hoa, cau tao gom: than c6t neo, mili dau neo, tam dém,
long den cao su, & cu cAu tao thanh. Phan than neo dwoc phan thanh doan lién két tryc tiép véi chat dinh
két va doan khong lién két truc tiép véi chat dinh két, trén doan than neo khdng lién két truc tiép véi chat
dinh két c6 dng ngin cach, mit ngodi cua éng ngan cach nay lién két truc tiép véi chat dinh két, bé mat
trong cua ong ngin cach lién két ma sat truot véi than cdt neo. Thdng qua kiéu thiét ké ché tao nay lam cho
neo chiu luc chinh tai doan khong cé lién két véi chat dinh két. Uu diém loai neo nay 1a d& ché tao, gia
thanh thip, thi cong don gian ddng thoi cé thé dat duoc higu qua bién dang lén.

Tim TLong E
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Hinh 12. Két cdu neo bién dang lén hap thu nang leong

40



Nhdn xét:

Cung vai su phét trién caa két ciu chdng neo, loai hinh két ciu neo bién dang Ién ciing da duoc nghién
ctru phét trién ap dung thir nghiém va da dat dwoc nhitng thanh qua nhét dinh. Tuy nhién loai neo nay ciing
con nhiéu van dé ton tai dudi day s& phan tich cAc ton tai va dua ra kién nghi vé xu huéng can tiép tuc phét
trién loai hinh két cau neo nay:

- Két cau neo bién dang 16n kho thich tng khi chéng giir khdi da chiu lyc cit, uén: Bién dang cua khoi
da trén bién duong 10 khdng chi do luc hudng kinh giy ra ma con co cac trueong luc theo cic phuong khac
nhau tir 6 ¢ thé sinh ra cac luc cit, udn tac dung I&n than cét neo. Céc loai neo bién dang Ién thuong chi
thich hop khi than neo chiu kéo, con khi chiu lrc cat, udn thuong 1am cho neo bién dang Ién khéng phat
huy tac dung bién dang cuing khdi ¢4 tham chi lam giam kha nang chiu tai caa neo. Chinh vi vay can nghién
ctru ché tao ra loai neo bién dang I6n cd kha ning chiu luc phic tap kéo, nén, uén, cat. Tang cuong nghién
ctru két cau chdng két hop giira loai neo bién dang I6n vai loai hinh két cau chéng khac, nghién cau ly
thuyét két cau chdng giir bién dang 16n, nghién ctiu loai neo c6 cac cap do chiu luc khac nhau trén cling
than neo dé dap dung yéu cau tai trong theo timg giai doan bién dang cua khéi da.

- Két cAu neo bién dang 16n thudng c6 cau tao phuc tap 1am giam tinh 6n dinh cua két cdu neo: két ciu
neo bién dang l6n thuong cé két cau phirc tap do phai thiét ké thém cac bo phan bién dang, néu thi cong
khong dam bao chét lugng s& dan dén giam kha nang mang tai cia neo. Chinh vi vay can nghién ctiu ché
tao cac bo phan bién dang cang don gian cang tét dé cong tac thi cong khong gap kho khan ciing nhu chét
lugng thi cong duge dam bao;

- Pdi véi viéc nghién ctu vat liéu cho neo bién dang I6n: tuy vé phuong dién vat liéu da c6 nhitng budc
phét trién vuot bac, nhung van kho thoa man yéu cau phic tap cia khéi da ngoai hién truong. Mot mat 1a
do céc loai thép c6 kha ning bién dang giGi han rat nho, khong thé hoan toan thoa man yéu cau bién dang
cua khéi da. Chinh vi vy can tiép tuc nghién ctiu str dung cac loai vat lidu c6 tinh gian dai I6n dé ché tao
cac bo phan cua két cau neo;

- Két cau neo bién dang 16n c6 thoi gian dai nam trong khéi da nén rat d& xay ra han gi, 140 héa dan dén
mét tac dung: theo dic trung k¥ thuat lién két gitra than neo vai thanh 15 khoan, than neo lap dat vao trong
khdi da do thoi gian ton tai cia cong trinh khac nhau tir vai thang dén vai nim. Do mai truong dinh két
trong 15 khoan khong thé khéng ché dwoc dan dén han gi va 130 hoa cac bo phan cua két ciu neo tir d6 1am
mét di kha nang bién dang tham chi mét ca kha ning chiu lyc cua két ciu neo. Chinh vi vay can sir dung
cac loai thép co cudng d6 cao, chét lwong tét, xir Iy chéng han gi cac bd phan cua két cu neo trude khi dua
vao st dung;

- Két c4u neo bién dang Ion rat d& mét tac dung bién dang ciing khéi da: két ciu neo c6 nhiéu bd phan
két hop thanh néu mot trong cac bo phan bi mét tac dung dac biét 1a bo phan bién dang 16n mat téc dung sé
1am cho neo khong phat huy dugc tinh bién dang. Chinh vi vay can tang cudng cong tac giam sat chat luong
lip dat, giam sét sy bién dang cuia neo véi sy bién dang cua khdi da tai hién truong dé dam bao chat luong
trong cong tac lap dat ciing nhu diéu chinh thiét ké cac bo phan cua két ciu neo bién dang lon cho phu hop.

6. P& xuét 4p dung loai neo bién dang 6N chéng gitr dwong 16 dao qua khéi da mém yéu viing Quang
Ninh

Dé lra chon duoc két ciu chdng neo bién dang I6n phu hop 4p dung cho cac duong 16 viing Quang Ninh
can thiét phai phan tich dwoc diéu kién dia chat, diéu kién trang thiét bi thi cong, trinh d6 tay nghé cua cbng
nhan, nang lyc gia cong ché tao két cau chéng neo...Sau day s& phan tich cac yéu té nay dé dé xuét loai
neo bién dang 16n phu horp chong gitr duong 10 qua kh01 da mém yéu ving Quang Ninh.

- Vé diéu kién dia chat: Tram tich chira than viing Quang Ninh mang tinh tram tich nhip dién hinh. Mdi
nhip tram tich dwoc sap xép tir loai hat min chuyén dan dén hat tho va tro lai hat min. Ranh gici gitra cac
nhip tram tich la c&c via than. Cac nhip tram tich ci lap di lap lai lién tuc theo cac chu ky hoat dong nang
I&n ha xudng cua vo trai dat. Do qué trinh Kién tao manh mé nén da xay ra cac chu ky hoat dong tram tich,
bao mon lién tuc 1am cho cau tao dia chat vaing than Quang Ninh bién d6i rat phic tap. Dia ting tram tich
chura than b vo nhau, dut gy, ubn lwon va nhiéu chd bi gian doan. Do trim tich theo nhip nén céu tao &
véch va try via than thuong 14 cac 16p kep than, 16p da kep, cac thau kinh sét két, sét than thuoc loai da
mém yéu thuong cd cdu tao phan I6p mong cé chiéu day tir 0,1 + 5,0 m ¢4 biét ciing ¢ noi day téi 10m,
didu d6 di 1am cho vach try via than kém 6n dinh. Cac duong 16 sau khi dao vao khbi da mém yéu thuong
bi bién dang, bép méo, nén bep phai chdng xén lai duong 16. Nhu vay c6 thé thiy rang khbi da xung quanh
cac duong 10 vang than Quang Ninh phan I6n dao trong khdi d4 mém yéu, bién dang I6n chinh vi vay viéc
dé xuat mot vai loai neo bién dang I6n dé 4p dung thir nghiém la hét sic can thiét;

- Vé trang thiét bi thi cong neo: Hién nay hau hét cac moé viing than Quang Ninh déu da va dang ap dung
phd bién két ciu chdng giir neo chat déo cét thép do vay cac mo da co day di cac trang thiét bi thi cong
neo chit déo cbt thép. Vi vay can lya chon cac loai neo bién dang Ion sir dung duoc cac trang thiét bi hién
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c6 cua mo dé giam dau tu, thuan tién cho cong nhan thi cdng khong phai lam quen véi thiét bi méi va tan
dung duoc trang thiét bi hién c6 caa mo;

- Trinh d6 tay nghé caa cong nhan: Hién nay trinh d¢ tay nghé cua céng nhan ving than Quang Ninh
da thanh thao vai cong nghé dao chéng 10 sir dung két ciu neo chét déo bé tong cdt thép, neo chét déo cbt
thép. Chinh vi vay can lya chon loai neo bién dang 16n 12 loai sir dung chat dinh két vira xi mang hoac chit
déo;

- Ning luc gia cong ché tao két cau chdng neo: Vi loai hinh két cdu chéng neo hién nay cac mo than
vung Quang Ninh va cac don vi co khi trong Tép doan than khoang san Viét Nam di c6 thé gia cong duoc
cac bo phan cua két cau chong neo nhu chat dinh két, & cu, than cdt va tim dém, long den nhung méi ¢
murc d6 rat han ché, mot sé mo ciing méi chi gia cong ché tao dugc mot phan cua két cdu chéng neo con
lai 12 nhap khau tir nudc ngoai. Do vay véi ning luc gia cong nhu hién nay néu gia cong céc loai neo bién
dang c6 ciu tao phuc tap 1 rat kho, mat khéac viéc tao ra cac thanh neo tir vat liéu cé tinh gian dai 16n ciing
rat kho khan ddi véi diéu kién nang luc hién nay cua cac don vi co khi mé va khai thac mé viing than Quang
Ninh, mat khéc cac loai thép cd tinh gidn dai 16n thuong gia thanh cao nhu vay s& lam tang chi phi chdng
gitr duong 10.

Chinh vi vay trong cac loai neo bién dang lon gici thiéu trén téc gia thiy rang vai trinh d6 va mic dau
tu trang thiét bi hién nay cua cac don vi gia cong san xuat két ciu chéng neo thi viéc san xuat thém éng
giam ap va than neo cong luong song la don gian va c6 tinh kha thi cao.

Trén co s& cac phan tich trén co thé thiy rang viéc &p dung loai hinh két cau chong neo bién dang l6n
chéng gitr cac duong 10 dao qua khdi da mém yéu tai ving than Quang Ninh 12 hét sirc can thiét. Nhung
véi diéu kién vé trang thiét bi thi cong, trinh d6 tay nghé cong nhan, nang lyc gia cdng ché tao két cdu neo
nhu phén tich trén kién nghi sir dung loai neo giam ap bién dgng I6n va neo cong lwon séng bién dang
lén dé chdng giir cac duong 10 dao qua khdi da mem yéu vung Quang Ninh. Déy la loai neo vira dam bao
duogc kha nang bién dang cuing khéi da vira c6 két cau don gian, dé dang thi cong va gia thanh khéng cao.

7. Két luan va kién nghi

Bai bao da tong hop gidi thiéu vé mot sb loai neo bién dang 16n &p dung dé chdng git khi dao dudng 10
qua khdi d¢a mém yéu, bién dang Ién. Trén co s& phén tich vé nguyén ly lam viéc cua ting loai neo bién
dang I6n tac gia da tién hanh phan loai thanh neo bién dang Ién thanh 2 loai bao gdm loai st dung két ciu
bién dang dic biét va loai sir dung vat liéu c6 tinh gidn dai l6n. Trén co s¢ phan loai nay dua ra mot sb loai
sir dung phd bién va tién hanh phan tich nguyén ly lam viéc, diéu kién &p dung, wu nhugc dlem ciia mot sé
loai neo thuoc hai IOaI nay Ngoai ra bai viét ciing da néu ra néu ra mot vai quan diém vé xu ‘huong phat
trién loai hinh két cau chong neo bién dang lén va dé xuat 4p dung loai neo bién dang Iorn co ong giam va
neo cong lugn séng bién dang 16n &p dung chdng giir duong 10 dao qua khdi da mém yéu bién dang lon
cho vung than Quang Ninh.
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ABSTRACT

The large deformation bolts structure and proposal applies the
excavation of soft rock roadway support in Quang Ninh

Viet Doan Dao'"
'Hanoi University of Mining and Geology

The paper introduces the current status of research and the development trend of some types of large
deformation bolt applied to the excavation of soft rock roadway support. Through statistics, synthesizing,
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analyzing the major large deformation bolts use in the world, classifying large deformation bolts into large
deformation bolt due to use of large elongation materials and large deformation bolt due to use special
structure, from which to analyze the working principle advantages and disadvantages of each type bolt.
This paper also analyzes the existing problems of the large deformation bolt structure and put forward a
few recommendations on the trend to continue developing this type of bolts structure. Based on the
condition of large deformed soft rock masses, the status of equipment, construction level, processing
capacity of mines in Quang Ninh, proposing the application of two types of large deformed bolt: yielding
bolt and large deformation curved wavy bolt to support of soft rock roadway in Quang Ninh.

Keywords: Soft rock support; large deformation bolt; trend of bolts structure development; bolt structure
status.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH SORNCES M VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru de xuat so do cong nghé thi cong hop Iy
néng cao toc do dao 10 trong da cho Cong ty Than Nam Mau-TKV

Ng6 Doan Hao®" )
Truong Dai hoc Mo-Bja chat

TOM TAT

Trong nhitng nim qua, cong ty Than Nam Mau - TKV da khong ngiing ma rong dién khai thac va khai
thac xudng sau nham dap ng nhu cau ting san luong theo chi truong ciia Tap doan Cong nghiép Than -
Khoang san Viét Nam. Chinh vi vay, s6 mét 10 xay dung co ban va chuan bi khéng ngimg tang 1én. Thuc
té dao 10 ¢ cong ty Than Nam Mau ndi riéng va caa Viét nam néi chung cho thay hiéu qua va chét lugng
clia cong tac dao 10 phu thudc rat nhidu vao lya chon dwoc cdng nghé thi cdng pha hop véi céc thdng sé
hinh hoc cua duong 10, didu kién dia chat noi duong 16 di qua, phuong thic phé v& dit d4 va cac thiét bi
xuc béc, van tai, chdng git, v.v... Dé danh gia hiéu qua so d6 céng nghé thi cong ngudi ta thuong danh
gia qua cac yéu t6: Toc do dao 10; Gia thanh dao 1 mét 1o; Tinh an toan trong qua trinh thi cdng. Tdc do
dao 16 quyét dinh boi nang suét cac thiét bi khoan, xtc béc va phuong tién van chuyén, loai hinh két ciu
chéng st dung, tinh hop ly cia cng tac t6 chic lao dong ciing nhu bién phap t6 chuc thi cong céc cong
viéc trong chu ky dao 16. Gia thanh dao 1 mét 1o quyét dinh bai cac chi phi vé vat liéu chdng giit, thi cong
dao, khiu hao may méc thiét bi, nhan cong va cac chi phi quan 1y di kém. Ngoai ra, trong thi cong xay dung
cong trinh ngam, dac biét 1 thi cong dao chéng cac dudng 10 da trong cac mé ham 10, van dé an toan luén
dugc dat 1én hang dau. Bt ky so ¢6 cong nghé thi cong dii c6 dat ning suat va toc do cao dén dau song néu
nhu an toan khong duoc dam bao thi ciing khong thé dua vao sir dung. Chinh vi vy, nghién ciru, dé xuat
so d6 cong nghé thi cong hop Iy nhdm nang cao tdc do dao 16 trong d4 cho Cong ty Than Nam Mau-TKV
1a viéc 1am can thiét va cap bach. Viéc lya chon dwoc so dd cong nghé thi cong hop 1y s& néng cao dugc
hiéu qua dao 16, giam chi phi gia thanh don vi san pham va nang cao hiéu qua vén dau tu.

Tir khod: So d6 cong nghé; tc do dao 10 trong da; cong ty Than Nam Mau.

1. Pit van dé

Trong nhitng nim qua, cong ty Than Nam Mau - TKV di khong ngirng ma rong dién khai thac va khai
thac xudng sau nham dap tng nhu cau ting san luong theo ké hoach cua Tap doan Cong nghiép Than -
Khoang san Viét Nam. Chinh vi vay, sé mét 16 xay dung co ban va chuan bi khdng ngimg ting 1én. Thuc
té dao 16 ¢ cong ty Than Nam MAu noi riéng va caa Viét nam néi chung cho thay téc do dao 10 phu thudc
rat nhiéu vao viéc té chuc cong nghé dao 10 c6 hay khong phi hop véi cac thong sé hinh hoc cia duong 10,
diéu kién dia chit noi duong 10 di qua, phuwong thirc pha v dat da va cac thiét bi xdc bdc, van tai, v.v...
Do vay, nghién ctru dé xuat so d6 cong nghé thi cdng hop 1y nang cao tdc do dao 16 trong da cho Cong ty
Than Nam Mau-TKYV la viéc 1am hét stc can thiét va cap béch.

2. Téng quan vé cac so dd cong ngh¢ dao 16 da trén thé giéi va & Viét Nam
2.1. Téng quan cdc so do cong nghé dao I trén thé gisi

Hién nay, trén thé gidi cong nghé dao 16 trong da chu yéu ding 2 phuong phap: khoan nd min va dao 10
bang may (co gi61). Theo (Ngd Doéan Hao va nnk, 2015), tuy theo cac diéu kién dia chit mo va muc do
trang bi cac thiét bj - chdng gir, vén tai, _cac phuong phap nay duoc thuc hién theo so dd cong nghé sau:

- Khi pha d4 bang cong nghé khoan n min: Khoan guwong bang may khoan tu hanh (xe khoan), xtc bang

may xuc (hoat dong lién tuc hodc theo chu ky), van tai lién tuc bang bang tai - chong giit bang khung thép,
vo bé tdng hoac bang neo; Khoan guong bang may khoan tu hanh (xe khoan), xtc bang may xuc (cac loai),

* Tac gid lién h¢
Email: haongol@gmail.com
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van tai bang Xe goong, chbng giit bang khung thép, vo bé tong hoac neo; khoan guong bang may khoan
tay, x(c bang may xuc (cac loai), van tdi bang Xe goong, chong gir bang khung thép, vo bé tong hodc neo.

- Khi pha da bang may dao 10: Pha da bang may, lip dyng vi chéng bang thi cong, van tai bang bang tai
(hoic bang goong); Pha d4 bang may, chong gitr co gidi hoa, van tai bang bang tai (hodc bang goong).

Nhin chung cong tac dao 10 da ¢ trén thé gidi dat tbe do dao twong d01 cao. Ddi v6i 10 1 dudng godng
tiét dién 7,3 = 9,8m? dat téc do trung binh 165 + 200 m/thang, ning suit lao dong dat 3,5 + 4,5 m*/ngudi -
ca. Pbi v6i 10 2 duong goodng tiét dién 13,8 + 16,4m?, ¢& dudng 900mm, tbc do dat 230 + 285 m/thang,
nang suat 3,9 + 5,3 m*/nguoi - ca.

2.2. Téng quan cdc so do cong nghé dao 1o tai Viét Nam

Theo (Ngb6 Doan Hao va nnk, 2015), nhitng ndm gan day khi dao cac 1o da xuyén via hay doc via 6 ving
than Quang Ninh thudng gip cac loai d4 san két, cat két, bot két, sét két va sét than tuong dbi on dinh; cac
cong ty than ham 16 da ap dung céc so do cong nghé sau:

- Khi pha d4 bang cong ngh¢ khoan nd m|n

+ Khoan 15 min bang cic may khoan cam tay ctua Nga, Trung Qubc hodc may SIG cia Thuy Sy. Xic
bc, trao dbi goong, ddy goong bang thu cong, chdng giit bang khung thép, chén bé tong cbt thép, hodc
chbng bang neo;

+ Khoan 15 min bing céc loai may khoan cam tay, x(c béc tha cdng, van tai bang tau dién, chéng gii
bang khung thép, chén bing bé tdng hoic chéng bang neo;

+ Khoan 16 min bang may khoan cam tay, xdc bdc co gisi bang may xdc gau PPM hodc may cao vo lién
tuc PNB, trao d6i godng va van tai bang tau dién, chéng gitr bang khung thép.

+ Khoan 16 min bang xe khoan ty hanh, xtic d4 bang may xuc gau, chdng gitr bang khung thép, cai chén
bé tong, van tai bang tau dién ap dung cho 10 2 duong goong.

- Khi pha da bang may dao 1o: Pao 16 bang may dao 10, van tai bang xe goong, chdng gitr bang khung
thép.

Nhin chung, cac so @ cong nghé dao 16 da cua Viét Nam c6 muc do co gidi hoa chua cao, hodc chwa
ddng dong bo vé thiét bi nén chua tan dung duoc ning luc cua thiét bi nhu: khong du &p suit khi nén dé
méy khoan lam viéc, cong tac trao ddi goong con chiém nhiéu thoi gian, cong tac chuan bi va lip dung
khung chéng con cham do chu yéu thuc hién bang thu cong, hé s st dung 16 min thap va hé sé thira tiét
dién cao.

3. Thuc trang cong tac thi cong va té chirc cong nghé thi cong dao 10 da & mé Nam Mau
3.1. Piéu ki¢n dia chat mé

Theo Phong Pia chat- Tric dia. Cong ty Than Nam Mau-TKYV, tram tich khu mo Nam mau 1a mot phan
canh Nam cua truc nép 16m Bao Dai, Ha Long. D4t da cta trim gom c6 bot két nhidu mau sic mau do, mau
tim, mau tim gan ga, mau luc, luc nhat. Xen k& céc 16p bot két co nhiing 16p sét than, cat két dang thau kinh.
Dit da chu yéu cau tao 1&n phan 16p day, riéng sét két c6 cau tao 1én céc phan I6p mong. Céc da bi bién chat
nhe, sét than bi ép nén phan phién, cét két it nhiéu bi quaczit hoa. DAt da c6 nhidu khe nit gan thang goc voi
mit 16p, trong khe nit thuong chira thach anh d6i chd thach anh day tir 8+10cm. Chiéu day cua hé tang nay
day khoang 3.000 + 3.500m.

3.2. So @6 cong ngh¢ thi cong 10

Viéc khao sat duoc tién hanh trén co s¢ chia duong 16 thanh 3 nhém: nhém c6 tiét dién dao toi 11m?,
nhom co tiet dién dao tir 1lm~2 den 22m?va nhom tiet dign dao 16n hon 22m?. Qua khao sat va theo Phong
KCM Céng ty Than Nam Mau-TKYV, cdng nghé thi cdng mot s6 duong 10 thé hién trén cac Bang 1 dén
Bang 3.

Bang 1. Cdc duong 10 ¢ tiét dién dao téi 11m?

TT|Tén duong 10; Hé s6 | Phuong phép phd v dat da; Két cau So d6 xdc boc, van tai
kién cb va dién tich chéng giir
Doc via 4 mircc +125 |- Khoan nd min thong thuong; Khoan |4 dugc x(c tai tha cong va may xdc
f=6+8; S4=10,9m2.  |guong bang khoan khi ép; 1I111H-5 1én goong 3 tan va tau dién
1 - Chéng 16 bing vi SVP. kéo ra chan ngam. Sau dé duogc toi
truc kéo Ién mac +125.

Doc via 6 mirc +12 |- Khoan né min thong thuong; Khoan |[May xtc xuc da 1én goong 3 tan, day
-f=6+8 guong bang khoan YT-28. bo ra ga 10 XV +125 tap két; sau do

2| -S4=10,9m2, - Chéng 10 bing vi SVP. tau dién kéo ra mat bang +125.
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Lo vong dau théng gié |- Khoan né min thong thuong; Khoan| May xtc 11111H-5 xic da lon goong
doc via 4 guong bang khoan khi nén; 3 tan htng tai phia sau. Goong dugc
3 |f=4+6;Ss=9,4m% |- Chdng 10 vi chdng SV3 thép AKMS | day b tap két tai ga va dugc tau dién
-17 kéo ra mat bang +125.
Bang 2. Cac duong 10 c6 tiét dién dao tir 11m? d@én 22m?
TT|Tén duong 10; Hé s6 kién | Phuong phap pha vo dat dé; So dd xuc boc, van tai
cb va dién tich Két cau chong giit

Lo xuyén via 1 mic-50 |- Khoan nd min thong thuong; |May cao da P-60B c6 bang chuyén phia
1| -f=68 Khoan guwong bing Xe khoan|sau xdc chuyén d4 1én goong 3T mé
-84=20,7m2, BFRK1; hong. Goong duge day tha cong ra vj tri

- Chdng 10 bang thép SVP-27. |truc tai ¢ giéng chinh.

Lo xuyén via 6a-:-9 muc|- Khoan né min thong thudng.|Thicong tir IK10-:-IK35 (DK), d4 dugc

2 | 20 (GB2) Khoan guong bang khoan YT28; [toi cao d4 2JPB-22 cao xudng mang
-f=6+8; - Lo duoc chdng gitr bang vi thép | truot va trit xudng bang tai giéng chinh
-S¢= 15,6m?. SVP27. Ién MB +125.
Lo xuyén via -501.A - Khoan n6é min thong thuong;|Pa dwoc may xic CZY-60 do lén
-f=8+9 Khoan guong bang khoan khi ép; |goong 3 tan, sau d6 dau tau dién Acquy
3| -S4=201m2 - Chéng 10 bang thép SVP-27. |kéo dén vi tri db tai.
Bang 3. Cac duong 10 6 tiét dién dao 16n hon 22m?
TT | Tén duong 10; Hé sb Phuong phap phé v dat da; So dd xuc boc, van tai
kién cé va dién tich Két cau chdng gir
Lo xuyén via muc- 40 |-Khoan né min théng thuong;|Xdc bang maéy xtc lat hong CZY-60,
- f=8+10 Khoan bang khoan khi ép YT-28; -|van chuyén bang goong mé hong + véi
1 -S4=26,5m2. - Chéng 10 bing thép SV9-1-3.  |méng cao d4 + cau chuyeén tai.
Xuyén via +125.11A |- Khoan nd min thong thuong; D4 dugc xuc tha céng va bang may xuc
-f=6+8 Khoan bing khoan khi ép YT-28; -|1én goong 3 tin, goong duoc tau dién
2 | -S4=24,6m% - Chéng 10 biang thép 27-SV8-2. |kéo ra ngoai mit bang +125.
Lo xuyén via- 50.11 |- Khoan n6 min thong thuong;  -|Xuc bdc bang may xuc da lat hong
-f=6+8 Khoan bang xe khoan BFRK-1; -|CZY-60, van chuyén bing goong.
3| -Se=244m2 Chéng bang thép AKMS-2.

Qua khao st thay viéc pha v& dat da & Cong ty Than Nam Mau chu yéu 1a phuong phap khoan nd min
véi cac loai thude nd hién hanh nhu NTLD va NTLT. Xuc béc bang méy va thu céng. Van tai bang goong
1a chir yéu, két hop gitra ddy godng thu cdng va kéo godng bang dau tau. Chéng giit duong 16 chu yéu 1 st
dung két cau chdng linh hoat kich thudc bang long mang SVP.

3.3. Pdnh gid hiéu qud té chirc cong nghé thi cong dao 16 dd di siv dung tai cong ty Than Nam Méu
3.3.1. Ph&n nhom céng nghé thi cong dao lo da

Theo (Ngb Dodn Hao va nnk, 2016), dé phan nhém céng nghé thi cong dao 16 dwa vao cac thdng sb 10 va
duogc quy udc nhu sau:

- Loai dudng 10: Lo 1 dudng goong (tiét dién dao tdi 11m?); Lo 2 dwong godng hodc ham tram (tiét dién
dao > 11m?).

- Thiét bi khoan: khoan tay (K1); Khoan dan 1 can (K2); Khoan dan 2 can (K3).

- Phuong phap nd min: N6 min théng thuong (N1); N6 min tao bién (N2).

+ Thiét bi xuc boc: Xdc thu céng (X1); Xdc bang may xtc (X2).

-Thiét bi van tai: day thu cong (V1); Kéo bang dau tau (V2); Van tai lién tuc(mang cao, bang tai) (V3).

- Két cau chong giir: Chong bang khung thép (C1); Neo; Neo két hop bé tong phun (C2).

Trén co s6 tdng hop cac dang so dd cdng nghé thi cong tai cac duong 10 trong mé Nam Mau cho thay cé
thé phan chia thanh céc dang so db cdng nghé sau:

(0) So d6 cong nghé dao 16 da 1 duong goodng, khoan tay, xdc thu cong vao godng, day goong thu cong,
chong vi thép;

(1) So d6 cong nghé dao 16 da 1 duong goong, khoan tay, xdc thi cong vao goong, ddy goong thi cong,
chéng neo, bé téng phun, N min thong thuong

(1°) So @6 cong nghé dao 10 da 1 dwong goong, khoan tay, x(c thii cong vao goong, day godng thi cong,
chéng neo, bé téng phun, nd min tao bién;

(2) So db cong nghé dao 10 d4 1 duong goodng, khoan tay, xdc bang may, kéo doan goong bang dau tau,
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chdng vi thép;

(3) So dd cong nghé dao 16 da 1 duong goong, khoan tay, xtc bing may, kéo doan goong bang dau tau,
chéng neo, bé tong phun, nd min thong thuong

(3”) So d6 cdng nghé dao 16 d4 1 duong goong, khoan tay, xuc bang may, kéo doan goong bang dau tau,
chéng neo, bé téng phun, nd min tao bién;

(4) So d cong nghe dao 10 da 2 dwdng goong hoic ga hay ham tram, khoan tay, x(c thu cong, diy goong

thi cdng, chdng vi thép;

(5) So d6 cong nghé dao 16 da 2 duong goong va ga, khoan tay, xdc thu cong, day goodng thu cong, chong

neo, bé tong phun, nd min thong thuong;

(5°) So @6 cong nghé dao 10 da 2 dudng goodng va ga, khoan tay, xuc thu cong, day goong tha cong, chéng
neo, bé tdng phun, nd min tao bién;

(6) So do cdng nghé dao 10 da 2 duong goong va ga hay ham tram, khoan gian (hoac khoan tay), xdc bang

may, kéo doan goong bang dau tau, chdng vi thep

(7) So @6 cong nghé dao 10 da 2 duong goong va ga hay ham tram, khoan gian (hoac khoan tay), xuc bang

may, kéo doan goong bang dau tau, chdng neo, bé tdng phun, nd min théng thuong;

(7°) So db cdng nghé dao 16 da 2 dwdng goong va ga hay ham tram, khoan gian (hozc khoan tay), xuc

bing may, kéo doan goong bang dau tau, chéng neo, bé tong phun, né min tao bién.

* Qua khao sat ching tdi nhan thay tdc do dao 16 & cac dudng 10 da néu trén noi riéng va tée do dao 16 noi
chung ¢ cong ty Than Nam Mau Ia chua cao. Nhin chung cac duong 10 ¢ tiét dién dao t6i 11m? toe do dao
dat khoang 55+65m/thang. Cac duong 10 c6 tiét dién dao tir Ion hon 11m? dén 22m? tdc d¢ dao dat khoang
45+50m/thang. Cac dudng 10 c6 tiét dién dao tir 22m?2tra 1on toe do dao dat xap xi 40m/thang. Nhu vay, c6
thé n6i rang toc do dao 10 ¢ day 1a chua cao.

3.3.2. Panh gid mikc d co giéi hod cong tac dao 16 ¢ Nam Mdu qua nang luc thiét bj

Theo (V& Trong Hung, 2001), mic d6 co gidi hoa duoc danh gia qua yéu té "giam lao dong chan tay,
tang cuong lao dong tri 6¢ cia ngudi cong nhan". Qua trinh d6 s& nang cao téc do thi cong, ning suit 1am
viéc, kha nang co gigi hoa cong tac dao 10. Mtric do co gidi hoa chia thanh 6 bac:

- Bac 0: Céc cbng tac trong qua trinh san xuat duoc thyuc hién hoan toan bing tay, khéng ding céng cu

lao dong (xéng, cudc, v.v...):

- Bac 1: Qua trinh san xuit do cong nhan thuc hién cé sir dung cong cu lao dong, khong sir dung co cau
méy;

- Bac 2: Céc qué trinh thao tac bang may vai bo phan dan tién bang tay dé diéu khién va diéu chinh may
moéc. Cong nhan dung strc lao dong gitt may & vi tri 1am viéc va tao nén ap luc can thiét 1én doi tuong lao
dong (khoan bang may khoan cam tay khi nén khong c6 gia, dao da bang bla chén, v.v...);

- Bac 3: Céc qué trinh san xuét dugc co gisi hoa thuc hién bang méay do cong nhan diéu khién théng qua
sur quan sét lién tuc va diéu khién thuong xuyén hoat dong cia may (vi du: xic béc bang may, khoan bang
xe khoan, v.v...);

- Bac 4: C4c qua trinh bén tu dong, thuc hién bang may, co giéi hoa nhidu dong tac va tu dong hoa mot
s6 dong tac (vi du: dao 10 bang céc loai combai khac nhau, v.v...);

- Béc 5: Cac qua trinh dwoc tu dong ho4, thuc hién theo mét chu trinh lién tuc, théng nhat. Nguoi cong
nhan chi git trach nhiém giam sét chung sy hoat dong, dong mé dong co (vi du: sy hoat dong cua cac td hop

dao 10 duoc diéu khién tir xa hogc ty dong theo chuong trinh).

Trén co s& phan bac co gidi hoa nhu trén, két qua danh gia mirc d6 co gidi hod timg khau trong chu trinh
dao 10 d4 tai cong ty than Nam Mau duoc néu trong Bang 4.

Bdng 4. Mire dg co giéi hba cac khau cong tac vdi thiét bi thi cong (Ngd Dodn Hao va nnk, 2016).

TT Khau cong tac - thiét bi Mtc d6 co gidi hoa
BacO | Bac1l | Bac2 | Bac3 | Bac4 | Bacs
I. Cong tac khoan (K)
K1 | May khoan dién, khi nén cam tay X
K2 Xe khoan X
1. Cong tac xtc bdc (X)
X1 Xic thu cdng X
X2 | May xic c6 gau X
X3 M4y xuc cao vo X
I11. Cong tac van tai (V)
V1| Goong day tay | | x ] | | |
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V2 |  Goong co dau tau X
V3 Mang cao, bang tai X
IV. Cong tac chong giir (C)
Cl | Chdng thu cong X
C2 |Chéng giir c6 mot phan st dung co gidi (neo, X
bé tbng phun)

3.4. Pé xuit gidgi phap té chitc cong nghé thi cong hep Iy khi dao 1o trong dd
3.4.1. Muyc tiéu va nguyén tdc dé xuat

*Muyc tiéu lya chon va dé xuét giai phap té chirc cong nghé thi cong 10 1a: So dd dao 16 phai nang cao
dugc toe d6 dao 10; nang cao ning suit lao dong cua tho dao 10; giam gia thanh mot 10; an toan.

*Nguyeén tic d¢ xuat phai ¢&am bao nhiing yéu cau sau: Cong nghé phai pht hop vai diéu kién dia chat
mo cua tirng khu vuc, tirng mo; tinh kha thi caa cong nghé dao 16 trong hoan canh dao 16 hién nay.

3.4.2. Lira chon cong nghé va thiét bi dao 16 (Ngé Dodn Hao va nnk, 2016)

a. Cic dwong 10 c6 tiét dign dao téi 11m? (Lo 1 duong xe)
* Thiét bj thi cong:

- Thiét bi khoan:

+ Phuong 4n 1: Dung 01 xe khoan: BFRK 1 hoic TamRock ma hiéu 1F/E50, loai 01 can khoan.

+ Phuong an 2: Néu khong c6 xe khoan BFRK1 hoic TamRock thi diing méy khoan cam tay loai khoan
chay bang khi nén (YT-28, PR-3D, SIG PLB241K). S5 lwong may khoan 2-3 (cong 1 du phong);

- Thiét bj xtic béc va so do trao doi goong: Xtc bang may xtic XD-0,32 hodc 1PPN5 két hop cau chuyén
tai véi so @6 van Chuyen bang doan goong; So do trao d6i goong: ding ghi dbi xung.

- Xe goong: 2- 3 tin dé giam bt sb goong can thiét ciing nhu rit ngan thoi gian db tai.

- Mdy nén khi: Tét nhat nén sir dung may nén khi trung tam, néu khong c6 thé dung 3U®IIIBKC-5 (Nga)
hodc tuwong duong.

- Quat thong gi6: C6 thé dung quat CBM6 (Nga), YBT 62 -2, FBD-Y- N%.3.

* Két cdu chong:

- V&i dé co hé s6 kién ¢ f < 4: Khung chéng thép SVP17- SVP22 véi budc chdng 0,7 + 0,85m.

- Véi da c6 hé sb kién cb f> 4: C6 thé sir dung két cdu chdng thép hoic sir dung két cdu chng bang neo
BTCT, bé tong phun hoic neo két hop bé tong phun (Néu chdng giir bang neo thi két hop vai ho chiéu
khoan né min tao bién).

b. Cic dwong 10 c6 tiét dign dao tir 11m? - 22m? (Lo 2 duwong Xe)

*Thiét bj thi cong:

- Thiét bi khoan:

+ Phuong an 1: Dung 01 may khoan trong cac loai: ZYJ-400/130, BFRK1, TamRock ma hiéu 1F/E50,
s6 lugng can khoan: 1can hoic 2 can, két hop véi sir dung 1-2 may khoan cim tay dé khoan cac 15 bén
héng phan dudi thap caa guong.

+ Phuong 4n 2: (phuong an nay chi dung khi khéng cé xe khoan): Diing may khoan cam tay loai khoan
chay bang khi nén (YT-28, YT27, PR-3D, SIG PLB241K), sé lugng may khoan 3-4 va 1 may du phong.

- Thiét bi xtc béc:

+ Phuong an: Str dung may xdc gau d6 hong ZCY45, ZCY60 hozc LBS -500W cua Ba Lan, van tai bang
méng cao va d6 vao bang tai hoac goong.

+ Phuong an 2: Xuc bang mdy xuic cao vo 1PNB2 hoac may xuc véi gau quay lat 6 phia sau XD-0,32
hodc 1PPN5 két hop véi cau truyeén tai Véi so d6 van chuyén bang doan goong. S6 lugng goong du dé lap
2 doan goong, so lugng goong trong mdi doan du dé sao cho trong thoi gian doan goong cé tai di chuyén
ra ngoai db thai va quay vao thi doan goong khéng tai trong guong duoc chit ddy (So db trao ddi goong
dung ghi ddi xtng).

- Xe goong: 2- 3 tin dé giam bt sb goong can thiét ciing nhu rat ngén thoi gian db tai.

- Méy nén khi: Tét nhat nén sr dung may nén khé trung tam, néu khong cé thé ding 3SUMIIIBKC-5
(Nga) hogc twong duong.

- Quat thdng gi6: C6 thé dung quat CBM6 (Nga), DKJ(A) - 6.5

* Két cdu chong:

- V6i da c6 hé sé kién ¢d f < 4: Khung chéng thép long méng SVP-27 véi budc chdng 0,7 + 0,9m.

- V6i da c6 hé sé kién 6 f > 4: Co thé sir dung két cau chdng thép hoac sir dung két cau chéng bang
neo BTCT, bé tdng phun hoic neo két hgp bé tng phun (Néu chdng giir bang neo thi két hop véi ho chiéu
khoan nd min tao bién).
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¢. Cdc dwong 10 c6 tiét dién dao I6n hon 22m? (Lo 2 dwong xe)

*Thiét b thi cong:

- Thiét bi khoan: Dang 01 may khoan trong céc loai Z'YJ-400/130, BFRK1, TamRock mé hiéu 2F/E50,
Boomer 281 sb lugng can khoan: 1can hoic 2 can, két hop véi sir dung 1-2 méy khoan cam tay dé khoan
cac 15 bén hong phan dudi thap cia guong,

- Thiét bi xtc béc: Str dung méy xidc gau dé héng ZCY45, ZCY60 hoic LBS -500W cua Ba Lan, van
tai bing mang cao va dd vao bang tai hodc goong.

- Xe goong: 2- 3 tin dé giam bot s6 goong can thiét cling nhu rat ngan thoi gian do tai.
- Quat thong gi6: C6 thé dung quat CBM6 (Nga), DKJ(A) - 6.5.

* Két cdu chong:

- Véi da c6 hé s6 kién ¢ f < 4: Khung chéng thép long mang SVP-27 véi budc chdng 0,7 + 0,9m.

- V6i da co hé s6 kién cd f > 4: C6 thé sir dung két cau chong thép hoac sir dung két cau chong bang neo
BTCT, bé tong phun hoac neo két hop bé tong phun (Néu chdng gitt bang neo thi két hop véi ho chiéu
khoan nd min tao bién).

Trén co s& cac két qua nghién cau, tong két, danh gia cac dang so @ cong nghé da va dang ap dung
trong dao 16 tai cAc mo than néi chung va md Nam Mau noi riéng, dé xuat mé Nam Mau té chie cong nghé
thi cong 160 da nhu Bang 5.

4. Két luan va kién nghi

Qua céc két qua nghién ciru, tong hop va danh gia c6 thé rat ra nhitng két luan va kién nghi sau:

- Ning suét va tbc do dao 16 ciia mo 1a chwa cao, chua twong xing véi quy mé phét trién va kha ning
cua cac don vi. Trong s6 2 loai hinh cong nghé dao 16 dang ap dung hién nay 1a khoan né min va dao bang
may combai; so d6 cdng nghé khoan né min c6 pham vi &p dung rong hon rat nhiéu. Theo (Pang Vin Kién,
2006), cong nghé dao 10 bang combai doi hoi ¢d nhing diéu kién nhét dinh nhu hé sé kién ¢ cua da f <
6+8, dudng 10 thang, chiéu dai duong 10 hiéu qua khi 1on hon 300m, ... Trong thyc té, hién nay trén thé gioi
cung da c6 nhiing may combai co the dao trong da c6 d6 cing f> 8 (CO thé toi f = 20) nhung khi d6 toc do
mai mon ring cit cia may combai van rit cao 1am ting gi thanh dao 10. Chinh vi vy, chi nén ap dung han
ché trong nhimg diéu kién nhat dinh va sau khi da c6 cac két qua khao sat chi tiét.

- Trén co s& cac két qua nghién ciru, danh gia, tong két, nhom dé tai da kién nghi 6 giai phép t chic
cdng nghé thi cdng dao 10 d4 bang phuong phap khoan né min, dugc thiét lap trén co sé cac trang thiét bi
dao 16 hién dang sir dung tai Nam MAu ciing nhu nhirng thiét bi sdn c6 trén thi truong hién nay.

- Bén canh nhitng giai phap vé mat ky thuat, cdng nghé, hinh thirc t6 chirc lao dong d trinh bay, dé gop
phan hoan thi¢n cong tac dao 10 d trong thai gian t6i, cling can thiét c6 nhiing cdng trinh nghién ciru, danh
gia tiép theo vé muc d6 6n dinh va kha ning luu khong cua cac duong 10 trong nhitng diéu kién dia chat
cho phep nham giam bét thai gian ngung nghi gitra cac cong viéc, gop phan nang cao ning suét, toc do dao
10 dan toi giam gia thanh don vi san pham.
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ABSTRACT

Research and recommendation on the excavated scheme to improve
driven speed of roadways at Nam Mau coal mine

Ngo Doan Hao®"
'Hanoi University of Mining and Geology

In current years, Nam Mau coal company TKV has continuously expanded its mining and more
exploitating deep regions to increase production according to the policy of Vinacomin. Therefore, the
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lengths of roadways are constantly increasing. In fact the excavation in Nam Mau coal company shows that
the efficiency and quality of the excavation depend on alot of the selection of suitable construction
technologies with the geometrical parameters, geological conditions the roadways located, broken rock
method, transportation of rock, equipments, support technologies, etc. The paper introduces the
recommendation of suitable excavation technological scheme to improve driven speed of roadways at Nam
Mau coal mine.

Keywords: Technological schemes; excavated speed of roadways; Nam Mau coal company.
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EARTH SCIENCE’S AND
NATURAL RESOURCES FOR

SUSTAINABLE DEVELOPMENT

HOI NGHI TOAN QUOC KHOA HOC TRAI BAT

VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

Bang 5. Pé xudt day chuyén cong nghé dao o da (Ngé Dodn Hao va nnk, 2016)

TT | Loai | Tiét | Hesd Céc cong doan trong day chuyén cong nghé
duong | dién |kién co Dao pha da Quat gi6 Xuc boc Chdng 19
16 dao () Khoan n6 min May nén khi May xuc (uu Goong Loai vi Budc
(m?) tién tir trén chéng  |chéng (m)
xudng dudi)
Lo 1 YT27,YT28 Nén khi trung tm 3U®IIBKC- CBM-6 XD-0,32 SVP17 -
1 |duong <11 <4 SIG PLB241K 5 hodc twong duong YBT 62 -2, 1PPN-5 2T+ 3T SVP22
goong (TamRock 1F/E50) FBD-Y-N06.3 1PNB-2 07+08
Lo 1 YT27,YT28 Nén khi trung tam 3UDPIIBKC- CBM-6 XD-0,32
2 |duong <11 >4 SIG PLB241K 5 hodc twong duong YBT 62 -2, 1PPN-5 2T+ 3T Neo + BTP
goong TamRock 1F/E50 FBD-Y-N06.3 1PNB-2
Lo 2 YT27,YT28(1) | Nénkhi trung tam 3UGIIBKC-|  CBM-6 LBZSC_E‘(‘)%W
3 |duong | 11+22| <4 ZYJ-400/130 |5 hoic tuong duong DKJ(A)6.5 2T +3T | SvpP-27
goong TamRock 1F/E50* XD-0,32
1PPN5
R . , A ZCY45
Lo 2 YT27,YT28 (1) Nén khi trung tam 3UDIIBKC- CBM-6 LBS - 500W
4 |duong | 1122 >4 ZYJ-400/130 |5 hoic tuong duong DKJ(A)-6.5 2T +3T | Neo+BTP _
goong TamRock 1F/E50* XD-0,32 0.7+09
1PPN5
Lo 2 ZYJ-400/130 CBM-6 ZCY45,
5 |duong | >22 | <4 Boomer 281 - DKJ(A) - 6.5 ZCY60 3Tén SvpP-27
goong TamRock 2F/E50 DBKJ-N7.1 LBS - 500W
Lo 2 ZYJ-400/130 CBM-6 ZCY45,
6 |duong > 22 >4 Boomer 281 - DKJ(A)- 6.5 ZCY60 3 Tin Neo + BTP
goong TamRock 2F/E50 DBKJ-N°7.1 LBS - 500W

Chd thich: * hogc diing loai twong dwong nhu TamRock RMJ 1F/E50 (1 can, tiét dién sir dung 4 + 24m?), TamRock 2F/E50 (1 hoac 2 can, tiét dién sir dung 4+28m?),
Rocket Boomer 104-12 (1can, tiet dién s dung 6+20 m?), Boomer 281 (1 can, tiet dién sir dung 6 +31 m?).
(1)- Chi dung khoan tay dé khoan guong néu khong co du dieu kién trang bi xe khoan.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Van dé xay dung cong trinh ¢ khu vuc c6 nguy co hinh thanh ho syt
Iin
Nguyén Xuan Man®*, Nguyén Duyén Phong?, Nguyen Ngoc Hué?

! Trwong Pai hoc M6 - Pia chdt
2Khoa Xay dung, Pai hoc Binh dwong, Thanh phé Thii Dau Mét tinh Binh Duong

TOM TAT

H& sut 1Gn thuong dugc truyén thdng goi 1a hd dia nguc, hd tir than, 12 hd sinh ra do sy sut lun dit da
trén bé mat khi dat bén dudi bi lam rdng dan dan dén mirc khong con du lién két dé d& cac khéi dat da bén
trén. Ho sut 1Gn 1a mot dang thuong gap cua lan sut mat dat. Sut 1Gn mat dat 1a sy hinh thanh nhitng khoang
rdng & nén cua khu vuc xay dyng cong trinh; tao nén do sy mit can bang dia ting do nhidu nguyén nhan
khac nhau, c¢6 xu huéng lam dit d4 phia trén chuyén dich hay d6 sap xudng phia dudi. Qua trinh nay phat
trién theo thoi gian va dan dan lan toa Ién mat dat. Trong thyc té hién tuong sut 1Gn mat dat thuong tao ra
cac hé sut 1Gn (trong dan gian goi 1a “hé tir than™). HS sut 1Gn ¢6 thé hinh thanh trudce khi xay dung, trong
qua trinh xay dung va sau khi da xay dyng xong cong trinh vai quy mé, tinh chat rat da dang, phong ph
do nhiéu nguyén nhan gay ra. Dy 1a hién tuong tai bién dia chat, tai bién ky thuat 1am thiét hai lon dén doi
sdng kinh té - x& hoi noi chung va cho xay dung cong trinh noi riéng. Do d6 viée diéu tra, khao sat dé du
béo, xac dinh nguyén nhan, co ché hinh thanh hé sut 1Gn nham tim ra giai phap ngan ngira, giam ton that
trong xay dung va khai thac cong trinh 13 van dé c6 y nghia thyc tién, c6 ¥ nghia khoa hoc va cé tinh cip
bach. Trong thyc té da xay ra nhiéu hién tugng sut Itn mt dét, tao nén nhiing hd sut 1dn véi kich thuoc,
hinh dang phong phd, gay t6n that 1on vé vat chat, can tro thi cong va khai thac st dung cong trinh khong
an toan. Trén thé gisi da co nhiéu nghién cau hién tugng ndy. O nudéc ta hién tugng nay ciing duoc quan
tam va di co nhitng d& xuat nghién ciru tim ra nguyén nhan, giai phap phong tranh phi hop. Trong bai viét
nay dé cap dén cac nguyén nhan hinh thanh hé sut lin nham du béo sy hinh thanh, tim ra giai phap ngin
ngtra, phong tranh thich hop khi xay dung cong trinh & khu vuc ¢6 nguy co hinh thanh hé sut lan.

Tir khoa: LGn sut mat dat; hé sut 10n; tai bién ki thuat; tai bién dia chét.

1. Pit vén dé

H& sut 1Gn 12 mot hién tugng tuong tac tw nhién, c6 nguyén nhan hinh thanh rat khac nhau. Van dé nay
can phai duoc nghién ctiru mot cach khoa hoc dé ¢ thé du béo, canh bao sém su xuat hién, dua ra cac giai
phap khac phuc mot cach higu qua. Thoi gian gan day, trén thé gisi va ¢ Viét Nam xuat hién nhiéu hé sut
IGn vai quy md, tinh chét khac nhau, lam anh hudng dén giao thong d6 thi, anh hudng dén phat trién kinh
té - x& hoi va gay ton that I6n ca vé nguoi va vat chét. Hién tugng tao thanh hd sut 1an xay ra tai nhiéu nuéc
trén thé gi¢i nhu: Trung Quéc, Buc, Anh, Brazin, Nhat,... Cac nha khoa hoc di va dang nghién ctru xéac
dinh nguyén nhan sy hinh thanh h sut lun dé dua ra cac bién phéap canh bao sém, phong ngtra giam thiéu
tac dong tiéu cuc cua hién twong sut Ian dén moi mit cua doi sbng kinh té - xa hoi, nhat |4 trong xay dyng
va khai théc, str dung cong trinh. O Viét Nam da c6 nhiéu tac gia quan tim dén xac dinh nguyén nhén hinh
thanh cac hd sut 1Gn (HSL) do cac yéu t6 ty nhién hay nhan tao gay nén. Theo thong ké (Nguy&n Xuan
Man, 2008; Nguyén Hong Bic, 2009), vao mua mua nim 2011 trén dia ban Tp.HS Chi Minh xay ra 59
HSL. Mt s6 hé sut lan xay ra nhitng nim gan day chi ra trong Bang 1. Mot s hé sut 1Gn trén thé gisi cho
trén Hinh 1 (http://www.ecgcorp.com/velav/mainbar.html). Mot s6 hé sut 1Gn & Viét Nam cho trén Hinh 2
(https://news.zing.vn/sut-lun-dat-tin-tuc.html).

*Tac gia lién h¢
Email: mannxdoky@gmail.com
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Bang 1. Mgt sé hé sut lin dién hinh (https://baotintuc.vn/; Nguyén Xuan Man

2008)

Kich thudc, m

T Dia diém xuét hién hé sut 1an Duong | Chidu mg TXZ‘; ﬁ‘lzrr?
kKinh, m | sau, m
1 | X3 An Tién, H. My Pirc, Ha Noi 14 11,3 elip 04/7/2019
2 | T61,P.Cam Son, Cam Pha, Quang Ninh 30 8-10 tron 13/9/2016
3 | TT Bing Liing, Chg Pdn, Bic Kan 12 20 tron 16/01/2016
4 | XaQuy Loc, H. Yén Dinh, Thanh Héa 3 1,5 tron | 04/11/2014
5 | P.TanPht, Q.7, TP.HCM. 16 4 tron 26/09/2019
6 | Puong Lé Vin Viét, Q. 9, TP.HCM 4 2 tron | 01/04/2017
7 Xa Khanh Binh Péng, H. Tran Vian Thoi, Ca Mau 5 3 Chir nhat | 14/05/2016
8 | CV Ninh Kiéu, TP Can Tho 8 3 elip 12/09/2007
9 | Phan Pinh Phung - Truong sa 5,0 4,0 Pagiac | 19/09/2011

Hé sut IGn & Sao PauloBrazH 1/2007

Hé sut IGn & & Florida, 6/2012
Hinh 1. C4c hd sut IUn trén thé gidi

) Sut Iun tal xa An T1en My Duc HN k
du:orng kinh 14m, sdu 11,3m

VL

AL

T

Sut dét trong khuon vién S¢ Ngoai vu
TP. H6 Chi Minh, nim 2008
Hinh 2. Mgt s6 ho sut 1Un & Viét Nam (https://news.zing.vn/sut-lun-dat-tin-tuc.html)
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https://baotintuc.vn/

Xuat hién cac hd sut 1Gn ¢6 anh huong 16n dén xay dung va khai thac cac cong trinh xay dung. Cac anh
huéng d6 bao gom:
- Mgt 13, 1am ha thap mat dat khu vic xay dung. Theo thdng ké (Nguy@n Xuan Méan, 2008): & Bangkok
Thai Lan c6 khoang 310km? bi ha thap véi do sau tir 80-100cm. O Trung Quéc téng dién tich sut lGn ca
nudéce 1a 487.000 km2, chiéu sau sut 1an (tir 1921-2005) dat trung binh 2,6m; tai 3 thanh phé Suzha, Wuxi,
Changzhou vung Jiangsu dién tich vung sut Iun khoang 5700km? véi do sau ha thap dat 2,8m.
- Hai 13, phé& hay can bang dia tang noi dat nén méng cong trinh gay pha huy cac cong trinh xay dung.
- Ba I3, gy ngap lut cuc bé tai cac khu vuc, céc ving ven bién, nhat |a & cac thanh phé Ion,..

Viéc xac dinh nguyén nhan hinh thanh h sut 1Gn 1a hét stiic quan trong dé du béo sy xuat hle;n va duara
cac giai phap khic phuc va phong tranh phu hop.

2. Céc nguyén nhan chinh hinh thanh hé sut ltn

M3i vu sut 1Gn ¢6 thé c6 nhiéu nguyén nhan géy nén. C6 nhirng nguyén nhan truc tiép, tirc thoi, 6 nhiing
nguyén nhan gién tiép, 1au dai; co nhing nguyén nhan chu quan gan voi hoat dong ctia con ngudi va co
nhiing nguyén nhan khach quan do yéu t ty nhién, yéu té dia chat gay ra. Dudi day chung toi dwa ra mot
$6 nguyén nhan co ban vé syt lGn mat dat.

- CA&c yéu t6 gan vdi diéu kién tu nhién, diéu kién dia chat, bao gom:
« Su cb két cac 16p dat yéu, dat non hinh thanh;
« Ton tai cac hoat dong kién tao vo trai dat;
« Céc qua trinh x06i ngam, qua trinh tham thau va chuyén dong cia nudc ngam;
« Hang dong trong long dat.
- Nhizng nguyén nhan gan véi hoat dgng ciia con nguwoi, bao gom:
« Khai théc khoang san ran dudi long dat (khai thac than, mudi, quang, nudc, khi, dau,...);
« Xay dung céc cong trinh ngam;
« Xay dung cac cong trinh trén bé mit; cac qué trinh cdng nghé gan véi cong tac dat, thi cdng nén, mong
va phan than cong trinh, qua trinh van hanh khai thac sir dung cong trinh khong diing quy dinh.

2.1. Dwéi diy d@é cap dén mgt sé nguyén nhan chi quan gay sut lGn mér dat
2.1.1. Sut 1Gn mat ddt do khai théc nwéc ngam

Khai thac nuoc ngam dan dén sy ha thap muc nudc ngam. Sir dung md hinh dong chay khong 6 6n dinh
V6i cac giéng khoan khai thac trong giai doan 2005 - 2015 so véi nam 2000 cho thiy muc nudc ngam trong
céc tang chura nuée 6 Tp. Hb Chi Minh luén bi ha thap (xem Bang 2). Cac nghién cau chi ra rang ha thap
muc nudc Ngam co mol quan hé mat thiét véi ha thap mat dat. Ty sé giira gié tri ha thip mat dat véi gla tri
ha thap muc nudc ngam (goi 1a k) do duoc trong cing mot khoang thoi gian tai vi tri quan tric ¢ thé gioi
va & Tp. Ho Chi Minh nhu trong Bang 3.

Bdng 2. Ha thdp muee nwéc ngam & cé&c tang chita niedc tai TP. Ho Chi Minh (Nguyén X.M., 2008)
Miic ha thap myc nuoc ngam ¢ céc tang chira nuoc Ghi chi
< 50 v6i mat dat ¢ Thanh phé H6 Chi Minh. m
Nam X X X 7 X . A X ’ 7
Tang Tang Tang Muc nudc ngam & cac tang chira nudc
Pleistocen Pliocen trén Pliocen dudi nam 2015 nh6 hon nam 2010 vi Chinh
2000 8-10 17-20 10-15 quyen Thanh phé da c6 giai phap han
2005 9-9,21 25,9 26,21 ché khai thac nudc ngam va quy hoach
2010 10,70 29,97 32,81 lai hé thong giéng khoan khai thac
2015 9,97 32,05 20,05 nudc.
Bang 3. Gia tri ty s6 k (Nguyén X. M., 2008)
Nuédc Nhat Ban Italia Mexico Thai Lan My Tp. HCM
Hésdk | 0,025-0,094 | 0,018-0,027 | 0,05-0,07 | 0,016-0,023 | 0,022-0,082 | 0,017-0,090

Tai viing ddng bang Séng Ciru Long, khai thac nudc ngdm qua mic, ciing véi &p huc caa cac cong trinh
xay dung va ha tang, khién nén dét bi sut 1Gn nghiém trong, c6 noi 1én téi 2-3 cm mdi nam. Néu tinh trang
nay tiép dién, chi trong 20-30 nam nira, nhimg noi nay sé& tut xubng dudi muc nuée bién (Hinh 3).

Ban chét cua ha thap mat dat do ha thdp muc nuéc ngdm thé hién & viéc 1am gia ting ap luc hitu hiéu
khi muc nuée ngim ha thip dan dén hién twong nén chit cac hat dat, giam do rdng cua dt, do d6 mat dét
bi ha thap. Do 1Gn do ha thap muc nuéc ngim duge xac dinh nhu sau:

AI:Ar-)(knn/7/n_nknepl\/l) )
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Trong tang khong ap: AP =S, (1— n /100)7/n (2)

Trong ting c6 4p:  Ap = 0,15« ©)

Trong (1), (2) va (3): Al - tri s6 do lun mat dat, m; Ap - D6 tang ap luc do ha thap muc nudc ngam tinh

bang m, xac dinh theo (2) hoac (3); kan - hé s6 nha nuéc dan hoi cua 16p dat, xac dinh theo thi nghiém hat

nudéc 15 khoan (theo két qua thi nghiém ciia Lién doan BPCCT - PCTV phia Nam tai 16 khoan 02T ¢ Théi

Tam Thon thi Ky = 2,21.1073); v, - dung trong ciia nude, T/m?; n - d rdng cua 16p dat; Knep - hé s6 nén cua
nudc, ldy bang 4,74.10°%; Sy - @6 ha thip muc nudc, m; M - chiéu day ting chira nuée, m.

2030 2050 2080 2100

: Tang khai
¥~ thac vira phai

Kich ban khai thac

- b

Khai thac 8n dinhM
a aul . D
g T e ¥

B 1. knos phuc cic & =
tang nudc ngam 05 0 1 2 3 8 N 100 km

a oy ry e e}
D6 cao so véi myc nurde bién (m)

Hinh 3. Ha thdp mdt dat do khai thic nweée vimg dong bang séng Cizu Long
(https://iopscience.iop.org/art.../10.1088/2515-7620/ab5e21/pdf)

2.1.2. Syt 1Gn mdr dat do khai thac khdng gian ngam

Khai thac khong gian ngam (KGN) hiéu theo nghia rong la qua trinh tao ra khdng gian ngam dudi long
dat cho cac muc dich st dung khac nhau, nhu: khai thac mo, xdy dung duong ham giao thong, duong ham
dat céac loai cap dién, cap thong tin, dng cap thoat nudc, kho chira,... Khi khai thac KGN s& lam thay doi
trang thai can bang tu nhién cua dia tang, lam thay doi trang thai (ing suat ban dau, gay bién dang nén dét.
Hau qua ctia qua trinh nay 1a 1am cho mat dat bj sut lun. Bai toan nay thuong duoc xac dinh bang cac cong
cu quan tric, do dac tai ving khai thac KGN. Duéi day cac tac gia xem xét bai toan xac dinh do IGn mat
dét do xay dung duong him bang phwong phép giai tich véi md hinh bai toan bién dang déo.

Gia sir trong long dat nguoi ta dao mot dudng ham nhu trén Hinh 4 véi so d6 tinh nhu Hinh 5 véi cac
kich thudc hinh hoc duoc cho trudc.

Can xéc dinh dudng cong sut lun va d6 16n cuc dai sut 1an tai toa do x (Nguyén Xuan Man, 2017). Dé
giai bai todn chap nhan mot sé gia thiét sau day:

- Tai mit cat ngang bét ky cta l6p dat phia trén duong ham thi sut 1Gn xay ra nhu nhau véi mot thé tich dat

d4 bang chinh dét d4 sut vao ham, tac:V = 2 j C(x)dx; C(X) - toa dd dich chuyén thang dung;
0

- Gia tri cuc dai cua chuyén dich theo phuong thang dimg cua dat néc ham bang aM;

- Chuyén dich ngang cuia cac diém nam trén truc di xing y s& bang 0.

- Khi toa do x ra khé xa truc d6i xang thi do 1an tién t6i 0, duong cong lan tit dan.

- Chuyén dich dat da ctia m6i truong phia trén mot duong ham phan t khdng bi anh huéng téi dich chuyén
ctia cac diém nam phia trén cua cac dudng him phan té khac bén canh.

Dé miéu ta qua trinh bién dang déo cuia dat da (Hinh 4) sir dung cac phuong trinh can bang (Kartozia
B.A., 1987; Nguyén Thanh Nam, Nguyén Xuan Man, 2017) sau day:
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Ny +V, Ny +V, Ny _ X + L2y,
at ox EY P
ov ov ov 4
L tv, —L +v, y—Y+1V2vy “)
ot OX oy Yo
ov
Vs +—2L=0
OX oy

\ X 2
Trong (4): 77 - d6 nhét caa méi truong; Vy, V, - cac thanh phan dich chuyén; V' toan ti Laplace;
X, Y - hinh chiéu téng céc lyc trén truc x vay; 0 - mat d6 cua da.

Hinh 4. So' do bé tri dwong ham:Mdt dat ban Hinh 5. So d6 tinh 1Gn theo m6 hinh déo:1.Bé mat

dau; 2- Puong 1Gn;M- chiéu cao cong trinh ddt; 2. Puong ham; 3. Puong ham phan t6;4.
Buong hin do duong ham phan to tao ra; 5.Dwong
1in tong
Khi xac dinh Un tai thoi diém cuoi caa qué trinh dich chuyén cé thé bo qua thanh phan &X va E (coi

Vy»Vy 1a cac ham khong dbi theo thoi gian). Sir dung céc gia thiét trén (Kartozia B.A., 1987; Nguy&n Thanh

Nam, Nguyén Xuan Man, 2017), c6 thé rit ra thanh phan dich chuyén ding cho mét diém trén bé mat (y =
H) tng vai mot duong ham phén t6 co so sé la:

aM X
050X = — th(w-—)dx ®)
(o)
Trong (5): s- thanh phan dich chuyén ding do dudng ham phan t6 tao ra; () - dai lwong dic trung cho tinh
chat co 1y cua dat d4; th - ham tang hyperbolic: thx = O.5(ex + e’x) .
L4y tich phan (5) véi can tir (- 1/2) dén (+ 1/2) cho ta tong d6 lan do dao duong ham gay nén:

Seo = —%[th(wx_T”Z) —th[a)%llzj} ©6)

Giatri @ dugc lya chon bang so sanh duong lan Sy xay dung theo (6) véi thuc té quan sat.
Vi dy tinh toan: Gia thiét M=10m; a=0,2; ., — 4 ; | =400m; H = 20m; 1/2 =200. Thay v&o (6):

S, 0,20.10 [th(4_ X 2300) _thaX 4—2500)]: th(x+5200) th(X —5200)
Tinh todn S(x) cho trong bang duéi day:
X, m 0 50 100 150 190 200 210 220
S, M 2,0 2,0 2,0 1,9999 1,9640 1,000 0,0359 0,0006

2.2. C&c nguyén nhan tu nhién gdn véi diéu kién dia chat

Sut 1Gn mat dat c6 nguyén nhan tir diéu kién dia chat, dia chat cong trinh va dia chat thiy van hoic do
tac dong dong thoi cia nhiéu yéu td khac nhau. Trong bai nay chi dé cap dén nguyén nhan do bién dang
thim do hoat dong cua nude dudi dat. Cac nghién ciru (Tsurinov, 1981) di chi ra rang bién dang tham la
mot trong nhirng nguyén nhan chinh gay ra mét 6n dinh cua dia tang noi dat nén, méng cong trinh. Vé ban
chat co hoc thi bién dang tham 1a mot trong nhiing hién twong dia chat dong luc cong trinh, lién quan dén
hoat dong ciia nudce dudi dét trong cac 1op dat co dac diém thach hoc, thanh phan hat va cac tinh chat co -
ly khéc nhau. Bién dang tham rat hay xay ra trong cac 16p cat bio hoa nude, dugc thé hién bai cac hién
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tugng X6i ngam, cat chay....Khao séat cac vu sut 1an & Tp.HO Chi Minh va cac dia phuong khéac cho thay
hién tugng bién dang tham, ma chu yéu Ia hién tugng cét chay do hoat dong ciia nudce dudi dét 1a nguyén
nhan chii yéu gay ra mat on dinh hé méng va cac cong trinh 1an can. Dt chay thuong xay ra trong dat bdo
hoa nuéce & trang thai dac biét, c6 thé chia ra 1am 2 loai 1a dit chay gia va dat chay that.

- Pét chay gia la loai dat chay do &p lyc thiy dong. Khi chuyén dong, nude dudi dat gay ra trang théi ép
sut thiy dong tac dung 1én céc hat dit d4, xac nhu sau (Tsurinov, 1981):

0=y -39 @
g dt
Trong (7) : 0 - &p luc thity dong caa dong nuéc tham; y, - dung trong cua nudc; g - gia toc trong trudng;
dog/dt 12 van téc nudc tham; J - gradien tham.
Nude dudi dat c6 van toc nho so vai gradien ap luc, nén bo qua thanh phan thir hai trong (7), khi d6 :
0=y, )]
Phuong tac dung cua 0 huéng xudng dudi thi s& lam chit, ting cudng do va do 6n dinh cho dét (hién
tuong nay xay ra & thuong luu dap, day ho chira, day kénh dan...), con khi 6 hudng 1én trén lam xp roi
dat (xay ra ¢ ha luu dap, day hd dao hay ¢ cac suon dbc tham uét. ..), sinh ra hién tuong dét chay, x6i ngam.
Nhu vay khi &p luc thiy dong bang hoac 16n hon trong lugng cua cac hat dat da thi s& lam cho hat dat ¢
trang thai lo ling va bi di chuyén, gay ra hién tuong dat chay:

9:7n‘]th27/a‘n = Jw=Vawlr. ©)

Trong (9): Ji- gradien &p luc nudc téi han; ya, - dung trong day néi ctia dat, ya.= (ya- yn)(1- n), Vi y4 - dung
trong caa dat; n - hé sé do rdng cua dat.
Néu 13y yn=1g/cm?, thi: Jin = Yan, (10)
Pat chay that 12 loai dat c6 keo hiru co - khoang vat bam trén bé mat cua hat dat, tao 16p mang tron tua
nhu chit dau nhon, 1am cho céc hat dé truot 18n nhau va chay twa nhu dich thé déo nhét. Bt chay that cé
lyc dinh thip, hé sé tham nho, stc chdng cét thap, bién dang cao, & trang théi chay déo. Pat nay c6 tinh xuc
bién (la tinh chét cau thé sau khi bi pha v& vi mét lyc co hoc nao d6 ¢6 kha nang tu hdi phuc sau mot thoi
gian), dé chuyen sang trang thai chay khi kién trdc tu nhién bi pha hiy. Dat chay that ¢6 lién quan dén sy
phan hay chét hiru co, thanh phan khoang vat va céc hoat dong cua vi khudn.

3. Céc giai phap phong tranh

V&i mdi mot nguyén nhan gay sut 1n can dwa ra cac gai phap cho phd hop. C6 thé dua ra mot sé giai
phap chung sau day:
- Pé giam ha thap mat dat do ha thap nugc ngam can:
« Thyc hién bo cap cho ngudn nuée ngam
« B4 tri mang giéng khai thac hop 1y dé cho gié tri ha thip muc nudc 1a nho nhat;
* Quy trinh van hanh bom hop ly; Toc d6 va luu lugng bom nuéc hop ly theo thoi gian, ...
- Khai thac khong gian ngam hop ly bang cac gidi phap:
* Quy hoach hé thong cbng trinh ngam hop 1y trong khong gian dia tang;
» C6 giai phap chen Iap khong gian rong do khai thac ngam tao nén;
« Giai phép dung két cau Chong gilr hop 1y hay gia cuong d4t d4 xung quanh cong trinh ngam, ..
- Ngan ngira hién twong dat cét chay, x6i ngam va tao hang dong:
« Thao kho dat nén; han ché, ngin ngira nuéc mat, didu tiét dong chay ra ngoai khu vuc xay dung;
« Cai tao thanh phén hat;
« B6 sung cac vat liéu 1a chat két dinh nhu voi bot, xi mang, ...dé tang do chat va lién két hat;
* Tadng ma sat va lyc dinh cta dat,...

4. Két luan

- Sut 1Gn mat dét 12 tai bién k¥ thuat, gay ton that cho xay dung va khai théc cong trinh.
- Nguyén nhan gay sut 1Gn mat dat c6 rat nhiéu. Trong bai viét da phan tich hai nguyén nhan cha quan va
Mot nguyén nhan khach quan, do la:

« LGn mat dat gén lién véi ha thip muc nuée ngdm (do khai thac nuéc, khi, dau, .. )

« LOn mat dét lién quan dén khai thac khong gian ngam (do Xay dung cac duong ham cho cac muc dich

sir dyng khdc nhau, dao hé mong, dao tang ham nha cao tang, ).

« Ha thip mat dat do dat chay xay ra ddi véi dét cé tinh xtc bién va do &p luc thim gay nén.
- Pa dua ra giai phap chung nham giam thiéu, phong tranh hién twong sut lGn mat dat khi xay dung cong
trinh. Khong thé dua ra giai phap van nang cho moi vu sut 1Gn ma can cin cir vao diéu kién cu thé vé dia
ky thuat xay dung ma dua ra giai phap phu hop.
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ABSTRACT
Building Constructions in areas with risk of subsidence

Nguyen Xuan Man®”*, Nguyen Duyen Phong?, Nguyen Ngoc Hue?
'Hanoi Univercity of Mining and Geology
2Department of Constructions, Binh Duong University, Thu Dau Mot- Binh Duong province

Subsidence is the formation of voids in the base of the construction site. In fact, the phenomenon of
subsidence often creates sinkhole (death sinkhole). Sinkhole can be formed before, during the construction
process and after the construction of a work with the scale and nature of diversity and abundance due to
many causes. This is a geological catastrophe, which causes great damage to the socio-economic life in
general and for construction of works in particular. Therefore, the investigation, survey to forecast, identify
the causes, the mechanism of formation of subsidence to find solutions to prevent and reduce losses in
construction and exploitation of works is a matter of practical significance of scientific significance and
urgency. In fact, there have been many phenomena of land subsidence, creating sinkhole with diverse sizes
and shapes, causing great material losses, hindering construction and unsafe exploitation of constructions.
There have been many studies on this phenomenon in the world. In our country this phenomenon is also
concerned and there have been research proposals to find out the cause and appropriate prevention
solutions. In this article, the causes of land subsidence were formed in order to find appropriate prevention
and prevention measures.

Keywords: Land subsidence; sinkhole; technical catastrophe; geological catastrophe.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ap dung phuong phép dudng dac tinh khoi da va do hoi tu gigi han dé
thiét ké két cau chong giir cong trinh ngam

Tran Tuan Minh®” '
Trirong Pai hoc M¢ - Dia chat

TOM TAT

Puong dic tinh khéi da (Ground Characteristic Curve) biéu thi cho méi quan hé giira ap luc két cau
Chong giir (hay ung suat trong khi dat d4) xung quanh duong ham va chuyén vi cua dat da trén bién duong
ham trong qua trinh khai dao va chdng giit cac duong ham. Biéu dién theo mot cach khéac n6 1a méi quan
hé gitra ap luc két cau Chong gitr va muc do hai ty cua cac duong ham tinh bang phan tram. Viéc sir dung
duong cong dic tinh dat da dé thiét ké két cau Chong gitr cac cong trinh ngam thi ¢6 nhiéu ich loi d¢é dam
bao tan dung duoc kha nang mang tai cua khoi dat da va giai phong mot phan tmg suat nguyén sinh trong
khdi dat d4 xung quanh cac duong ham. Bai bao phan tich va ap dung duong cong dic tinh khdi dat da va
phwong phép d6 hai tu gidi han dé di lwa chon thiét ké két ciu chdng gii cong trinh ngam, &p dung cho bai
toan diéu kién dia chat tai mo than Nam MAu-Vinacomin.

Turkhoa: Buong déc tinh khéi da; duong dac tinh két ciu chdng; phwong phap dé hoi tu gisi han; bién dang
I6n, thoi gian khéng chong.

1. Khéi quat chung

Sy phaét trién manh mé& cua nén kinh té-x& hoi thé gioi va Viét Nam yéu cau tiéu thu mot ngudn ning
lwong vo ciing to 16n. Chinh vi vay cac khoang san ¢ nong dan can kiét va yéu cau khai thac cac ngudn
khoéng san & dudi sau 1a didu bat bugc. Hién nay cac nudc khai thac than da tién hanh cac budc khai thac
dudi siu, do sau khai thac dudi sau I6n hon hang 1000m so véi bé mat dat, hau hét d6 sau khai thac nay ¢
Lién Bang Nga, Nam Phi, Canada, My, An d6, Duc va Trung Qudc. Céc loai dat d4 thuong c6 sy thay doi
theo do sau va c6 su bién dong rat manh chinh vi vay van dé thiét ké va lua chon két cdu duoc xem la phai
c6 nhitng su khac biét gitra cac do sau ciing nhu s& gap phai nhirng kho khin va thach thirc. Cac ly thuyét
phan tich, tinh toan két cu chdng giir cac dwong 10 khi khai thac & mic nong thi khéng con phti hop cho
cac duong 16 dudi sdu va khi &p dung ciing con nhiéu bit cap (Hoek va Brown. 1980; Hoek va nnk 1995;
Panet va nnk 1995; Vrakas, 2014-2016; Lee va Pietrusczak, 2014; bakmamos va Kaprosus, 2002; Nguyén
Quang Phich, 2007; V6 Trong Hung, 2006).

Viéc khai thac xudng sau ciing kém theo cac diéu kién kho khin vé thong gio trong cac duong 10, hé
thdng thong gié ciing phic tap, cac quat gié phai cd cong suat Ion, lwong gio yéu cau tang lén. Cong tac
thoat nudce ciing trd nén phic tap kho khan, do Tuu lugng nude dudi sau ciing tang 1én. O Viét Nam dic
biét Ia cac mo khu vuc Nam Mau Quang Ninh cac mé thuong nam gan bién, muc nudc bién cao va hién tai
nhiéu mo con nam dudi cac moong khai théc cua cac mo than 16 thién nén cong tac thoat nude ciing nhu
chéng gitr cac duong 16 dac biét phic tap va nguy hiém. Su bién dong manh vé& mat dia chét & khu vuc
Quang Ninh d3 duoc md ta trong céc tai lidu dia chat lién quan (Nguyén Ngoc Thanh, 2006; Dao Nhu Chic,
2004). Khai dao cac duong 10 dudi siu ciing c6 thé gap phai cac didu kién da mém, da co tinh truong né
khi gap nu6e 1am tang ap luc, dat da khu vuc c6 cac luc kién tao lam thay ddi trang théi tng suét tang ap
lyc 1én két cdu chéng gitr ciing nhur 1am giam tiét dién cac dwong 10. Cac ly thuyét phan tich dang ap dung
& Viét Nam véi viéc sir dung céc két cau chéng giir doc lap nhu khung thép, neo doc 1ap hoic neo c6 két
hop v&i bé tong phun dang dan tro 1én 15i thoi chua dap ing duoc hidu qua chdng giir thuc té trong cac mo.
Xu huéng thiét ké két ciu chong giir trén co so tan dung kha ning lam viéc cua khoi dat da xung quanh
(twong tac khdi da-két cau chong giir) (DS Nhu Trang, 2011; Tran Tuan Minh, 2016-2018) ngay cang dugc
chd trong hon dé duy tri d¢ 6n dinh va giam chi phi gia thanh xay dung cac dudng 16. Tu duy thiét ké nay

* Tac gid lién h¢
Email: tuanminhhumg@yahoo.com
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& Viét Nam vén con it dugc quan tim dé tan dung kha niang mang tai cua khdi d4 xung quanh, diéu nay doi
hoi phai c6 cac nghién ctru va phan tich chuyén sau hon trong tuong lai gan cho linh vyc xay dung mo ¢am
bao phat trién bén viing an ninh ning lugng cia dat nudc.

Tai Vigt Nam viéc nghién cau lua chon két ciu chong gitt trén co s duong dac tinh khoi da va do hoi
tu gidi han da dugc nghlen ctru tir 1au. (Nguy@n Quang Phich, 2007) da dwa ra khai niém va cac yéu té anh
hudng dén viéc tinh toan &p luc dat da khi c6 quan tim dén duong dac tinh khéi da. Nam 2010 (B6 Nhu
Trang va nnk, 2010) da phan tich anh huéng cua d6 tin cdy khi str dung phuong phép d6 hoi tu giéi han dé
thiét ké cac két cau chong gitr cong trinh ngam. Tuy nhién, cac tac gia trén déu chua di sau vao viéc phan
tich va lra chon két cau chong giir khi c¢6 quan tdm dén trang thai khéi da phia sau thoi diém hé két cau
Chong -khéi da ciing lam viéc. O giai doan nay khéi dat da xung quanh cong trinh ngam co xu huéng phuc
hoi trang thai Gng suat nguyén sinh ban dau trong long khéi d4 va két cau chéng giit thuc té s& phai chiu tai
trong boi gia tri tng suat nguyén sinh phuc hdi (trang thai tng suat thir 3) tac dung.

2. Co sé ly thuyét dwong dic tinh khoi da va phwong phap dé hdi tu giéi han

Xuét phat tir dudng ham tron c6 ban kinh khai dao 1a Ry trong méi trudng dat da ddng nhat dan hoi hoidc
dan hoi - déo. Khi duong ham chwa khai dao dat da ¢ trang thai (g suat nguyén sinh P = Po (xem Hinh 1)
khi duong hdm duogc khai dao dén kich thudce ban kinh dao Ry tng suit nguyén sinh thay déi. Chuyén vi
dét da trén bién duong him bét diu ting 1én (truc hoanh), ddng thoi véi do6 thi tng suat nguyén sinh duoc
giai phong (tng suit nguyén sinh giam, truc tung). Néu dat d4 hoan toan dan hoi thi bién ham tiép tuc bién
dang dén gia tri Rs khi d6 bién dang 16n nhit trong dét da dat duoc tai diém C tic 12 Ue (Hinh 1), bién ham
khong con bién dang va thyc té néu ta dao duong ham véi ban kinh Ry + U thi truong hop nay duong ham
sau bién dang s& c6 tiét dién nhu thiét ké va dudng ham nay s& khdng can phai sir dung két cau chdng giir
(dudng ham 6n dinh tu nhién - khdng chdng). Trong méi truong dan hoi déo dat da hét giai doan dan hoi
s& chuyen sang trang théi déo do thi sau khi di xudng lai c6 xu huéng di 1én (duong nét dut khi co thém két
cau chong).
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Hinh 1. Puong dac tinh khoi da va két cdu chong

Puodng dic tinh két cdu chéng SCC (Support Characteristic Curve) dwoc md ta nhu trong Hinh 1 13
duong biéu thi gia tri ap luc chdng do lau dai cua két cau chdng (gia tri nay thu dugc bang thi nghiém két
c4u chbng do trong phong thi nghiém hozc bang thuc dia). Thoi diém lap dat két cau chong theo phuong
phap nay co ¥ nghia quyét dinh t6i tu duy thiét ké va su suy giam chiéu day va loai hinh két cau chong gitr
cac duong 10. Néu sau khai dao lip dat két cau chong ngay thi hé két ciu chdng - khdi da 1am viéc lau dai
voi nhau tai diém (1) va &p luc két cau chong can bang o tai thoi diém ndy 1a Peqi, néu sau khai dao cho
phep bién ham dich chuyen mot luong la U hay (8U) nhu hinh bén phai thi gla tri ap luc két cau chdng gitr
can huy dong & thoi diém hé két cau chdng-khoi da lam vigc lau dai 13 Peq (tat Nhién Pegy < Peqt < P = Po)
truong hop nay sé tan dung duogc sy giai phong tng Suit nguyén sinh, néu tiép tuc cho bién ham dich chuyén
dén gia tri chuyén vi bién ham Us tlen hanh Iap dung két ciu chéng gitr thi khi nay két cau chong gitr sé
mang gia tri p huc Pegs dugc xem I t6i wru vé chiu luc. Tuy nhién, do dit da c6 biéu hién dan hdi-déo, sau

60



khi két cdu chong va khéi da ciing 1am viéc ving dét da long roi phia bén ngoai van tiép tuc bi nén ép do
phia xa d4t da bién dang, sy mét thé tich dat da trong khdi nguyén (do tic dong khai dao duong ham dén
Ry), dat da phia xa bién dang 1am cho ving dat d4 long roi bi nén ép dan lai, 4p lre dat da tiép tuc ting 1én
(dudng nét dut trong Hinh 1) do vay két cau chong chiu p luc tang 1én. Tuy nhién, duong nét dut chi dat
dén diém D (khdng thé dén d6 cao cuia diém A) do hién tugng khbi nguyén bi suy giam thé tich (d4t d4 khai
dao di bi liy di, tng suit nguyén sinh d bi giai phéng phan nao).

Khi sir dung phuong phéap dudng dac tinh khoi da dé lya chon két c4u chéng, thong thuong s& ap dung
thiét ké theo hé sb an toan SF (Hinh 2). N6 dugce xdc dinh bang ty s6 gitra ap lyc két cau chéng huy dong
dugc dem ép dung Ps va ap luc dat da tai thoi diém can bang Peq (diém giao cat véi dudng dac tinh khdi
d4), thoi diém hé két cau chdong - khdi d4 ciing nhau lam viéc 1au dai.

P5
T P t SF= — <1
SF= — >1 Py
.‘a P _la
& ‘%" Hinh chiéu cﬁg
p: 5 dwomg dic tinh ket
B | N pme e P. - cau chong dan hoi
A:S s o
o5 o D
2 E 5
T o <
8
[ P,
Bién dang hdng tim ————g Bién dang hirdng tam s

Hinh 2. Pinh nghia thiét ké két cdu chong theo hé sé an toan SF

Niam 2000 va 2004, Carranza-Torres va Fairhurst da dé xut duong cong dac tinh dat da (GRC) voi cac
da cat két cd thé duoc xay dung bang viéc sir dung loi giai dan hdi - déo véi cac dudng ham mat cit ngang
tron véi trudng (ng suét ¢ xa vo cuing 1a phan b déu bang viéc sir dung céc cong thuc (1 - 14):

(GSI—lOOj
m, =me' * (1)
P - Pi +i @)
m,o,; M
o s
Sp=—2—+— 3
’ m, o m§ ©
1 2
per =E(1—,/1+16SO) @
p" =| P L (5)
i i mg b~ ci
GSI-100
s=e ¢ (6)
a=0,65- [GSIJ (7
200
ufl — GO B pi R (8)
ZGrm
G, —_tm_ ©
2(1+v)
[GSI&OJ
E,, =1000C(c, 10O* (10)
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RplzRe( ) (11)
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Céc ky hiéu trong cac phuong trinh trén c¢6 thé tham khao trong (Carranza-Torres, C. (2004)).
2.1. Pwong dic tinh két cdu chéng dé cho cac khung thép

Gia tri &p luc chdng gt I6n nhat (ps™) tir cac khung thép va d¢ cimg dan hoi (Ks) ciia mot duong ham
tron dwgc chong gitt bang khung thép duoc tinh toén tir cac phuong trinh sau:

(o)
énax — § YSAS (15)
2 SR
1 SR?
— = (16)
Ks EsAs

& day psm - &p lec két cau chdng 16n nhit (MPa);

Gys - 40 bén cua cac khung thép (MPa);

A - dién tich mat cit ngang thép (m2);

S - khoang céch giira cac khung thép theo chiéu doc truc dudng ham (m);
R - ban kinh duong ham (m);

Ks - d6 cting viing dan hoi;

Es - md dun dan hoi cua thép (MPa).

2.2. Pwong dic tinh caa bé tong phun

Biéu hi¢n két ciu chdng ciia vo bé tong phun dugce xem xét dinh lugng bang céc cong thic (17), (18) dé
cung cap gia tri ap luc 16n nhat ma bé tong phun chiu dugc truéc khi sap do (ps™) va do cing dan hoi cua
bé tdng phun (Ks) dugc xac dinh theo cac biéu thuc sau:

max O R—t, ?
P: 7{1%—)} an
2 2

© (1-v,R@-2v, )R*+(R-t,)
o day:
Gec - @0 bén nén don truc cua bé tong phun (MPa);
E. - mo dun dan hoi cia bé téng phun (MPa);
V¢ - hé s6 Poisson cua bé tong phun;
t. - chiéu day cua bé tong phun (m);
R - ban kinh dwong ham (m).
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2.3. Pwong dic tinh két cdu chéng giir cho cac neo

Gia thiét rang céc neo dugc lap dat truc tiép xung quanh duong ham, gia tri &p luc I6n nhét neo cung cip
dugc ps™ boi hé két cau chdng gitr va d6 cang viing dan hoi Ks co thé duoc tinh toan bang viéc sir dung
cac cong thuec sau:

T

psmax:l (19)
S¢Sy

1 4L

—=S_S,| ——+ 20

e “

o day:
dy - duong kinh neo (m);
L - chiéu dai doan neo tu do (m);
Tor - tai trong cudi ciing neo dat dwoc tir thi nghiém kéo tut neo (MN);
Q - hing s6 bién dang cua neo va dau neo (M/MN);
Es - mé dun dan hdi cua neo (MPa);
- khoang céch giira cac neo theo chu vi (sc = 2nR/ny) & day np - 12 tong s6 lwong khoang cach giita céc
neo duoc lap dat trong mat cit ngang duong ham (m);
s1 - khoang cach neo theo chiéu doc truc ham (m).

2.4. Hiéu qud két hep ciia cac hé két cdu chang gid

Néu c6 Ién hon mot hé théng két cau chong giir dwoc lap dat nhu vo chdng té hop, chung két hop lam
viéc véi nhau thi c6 thé duoc tinh bang su bé sung cac do cung dan hdi cho tirng loai két cau chdng riéng
lé. Biéu nay ¢6 anh hudéng lam tang lén d6 cing ving dan hdi toan phan caa hé thdng. Gia sir truong hop
2 loai két cau chdng giir duoc lap dat c6 ap luc chéng giir 16n nhat ps™ va ps™ va cac do cing dan hoi
Ks1 Va Kz twong tmg dugc lip dat trong mat cit ngang dwong ham. Khi d6, do cing ving Ks cho hé thdng
2 két cdu chéng gitr cung 1am viéc ¢6 thé dugc tinh toan nhu sau:

Ks=Ki+ K, (21)

Gia tri nay duoc gia thiét cho mot trong 2 két cau chdng giit, bién dang dan hoi 16n nhat c6 thé u,m
duoc tinh toén theo cong thuc sau:

max p 1
U =" (22)
sl
p
ufy = (23)
KSZ
urmax — urlmax + urzmax (24)

Hé thdng két cau chéng t6 hop duoc gia thiét bi pha hay & tai mot thoi diém. Két cdu chéng véi gia tri
U™ nho nhét xac dinh p luc 16n nhét két cau chdng giir c6 thé cho 2 két cau chéng git cling chiu lec. Néu
mot gia thiét rang su sap do cua két cdu chdng xay ra & phan tir yéu nhat thi ap luc chdng giir 16n nhat caa
hé thong bén vimg trude khi sap d6 c6 thé duge tinh toan nhu sau:

P = Ui K, (25)
3. Ap dung phwong phap dwong dic tinh khéi da va phan mém Rocsuport 3.0 phan tich higu qua gia
¢b neo va khung thép cho bai toan véi diéu ki¢n dia chit tai mé than Nam MAu

Rocsupport 3.0 1a phin mém cua hing Rocscience Canada dugc xay dung trén co s duong dic tinh
khéi da va do hoi tu gidi han. Phin mém duoc st dung dé phén tich lya chon két cAu chéng gilt dya trén co
s& hé s6 an toan SF trong thiét ké (Hinh 2). Phan tich ciing quan tdm dén vi tr lap dat két cau chéng gilr so
v6i bé mat guong dao. Tuy nhién, nhugc dlem ctia phan tich 12 phan mém phai thuc hién quy dbi twrong
duong cac duong 10 ¢6 hinh dang khong tron vé duong him c6 hinh dang tron dé phan tich, vi du quy dbi
duong ham hinh chir nhat va hinh vom vé& him trong nhu trong Hinh 3.
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Hinh 3. Phép quy doi dwong 1o hinh chiv nhdt va hinh vom twong thang thanh dwong 1o tron dé
phan tich trong phan mém Rocsupport 3.0
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R OCVAR S MIC 225 TIT
% ¥ ‘
2 /

;
; \
Y \X:"
A K o ',
e
N e e

3 + /i

o e
§
i uyu"\ A B . ™ - ) D
‘ T e\

Hinh 4. Binh d6 Vi tri dwong 10 doc via +125

Puodng 16 phén tich dugc dao qua khu vuc dat da chi yéu 1 sét két ¢6 cau tao phan 16p mong, cudng do
khang nén tir oy = 110 + 400 kG/cm? (11 - 40MPa) trung binh 1a 331 kG/cm? (33,1MPa). Chiéu day dia
tang sét trung binh 13 23m. Bot két ¢6 ciu tao phan 16p mong o, = 618 kG/ecm? (61,8MPa). Hé sb d6 cing
clia sét va bot két 1a 6. Cat két, san két c6 cdu tao phan 16p day on = 1067 kG/cm? (106,7MPa). Hé sé do
cling cia cat két va san két 1a 10,67. Chiéu rong duong 10 khai dao b = 3,92m, chiéu cao h = 2,91m dugc
khai dao bang phuong phap khoan nd min (trén guong c6 ca than va dat da, chiéu day via than m = 2,7m
va goc nghiéng via o. = 60° (Hinh 5). O phan néc co ban 12 16p bot két vai chiéu diy 5,5m vai do bén nén
don truc cua bot két o, = 40 MPa. Phia dudi noc tryuc tiép 1a 16p sét két, o, = 60 MPa, m = 2,5m. Do bén
cua than 1a 20-30 MPa. D4t da dudi nén 10 1a sét két, bot két, on = 40 MPa, m = 5m, bén dudi l6p nay 1a
I6p cat két co o, = 100 MPa (Nguyén Ngoc Thanh, 2006). Thoi gian phuc vu cia duong 16 13 15 nam, do
sau dat duong 10 1a H = -135m so véi dinh nii, duong 16 dat trong ving ¢ pha hay kién tao va it nudc.
Binh d6 mat cit khu vuc duong 10 duge mo ta nhu trong Hinh 5 va mat cit ngang duong 10 (Hinh 5a) ciing
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nhu mit cit ngang quy doi (Rocsupport 3.0 chi m6 hinh cho ham tron) dwoc mo ta nhu trong Hinh b, ban
kinh duong 10 tron tuwong dwong quy doi thu duoc 1a Ry = 2,143m. Do duong 10 dao qua céc 16p dat da va

than dé don gian trong phan tich ta sir dung gia tri d

0 bén dit da trung binh Ry, = 25MPa.

NS
o

3920

a) mat Ccfl;‘ ngang duong 10
Hinh 5. Mat cat ngang quy daéi dé tinh

Phuong 4n thiét ké 1:

\ /
3920 /
~
-
~

N
~

b) mat cdt ngang quy d"(fi duong 10
toan xac dinh ket cau chong cho dwong 10

Str dung thiét ké neo va bé tong phun: dé thiét ké bang phuong an nay ban dau ta sir dung bé téng phun
day 5cm. Ap lyc két ciu bé tong phun huy dong duoc 1a 0,14MPa. O day bé tong phun va neo dwgc phun
ngay sat gwong dao sau khi khoan né min theo quy pham cua tap doan Than va khoang san Viét Nam. Sau
khi thém bé tong phun vao theo thii tuc (Hinh 6) ching ta thu duoc su thu nho ving bién dang déo (Hinh
6), két qua phan tich Bang 1 va hinh anh hé s an toan trong thiét ké (Hinh 7).

x
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Suppart Installation
= Project Title. Defautt Project
' Distance from tumnel face: B Hm L advanced. Prnjs:t Settings: Dstsrmllmstlt Analysis, Carranza-Torres Solution
" ‘When tunnel convergence is: 0.3 E| % Tunnel Radius: 2443m L T
In-situ Stress:  2.875MPa
 When tunnel wal dsplacementis: [0 —1 mm Factor of Safety: 0.76
Mobilized Support Pressure: 0.14MPa
Radius of Plastic Zone: 7.11m, 11.45m (unsupported)
Aeply ‘ Close ‘ Tunnel C © 4.63%, 12.52% (unsupported)

Hinh 6. Thu tuc gan bé tong phun va si bién doi vang bién dang déo xung quanh dwong 10

Bang 1. Két qua phan tich véi viéc sir dung bé tdng phun chiéu day 5cm

Analysis Results:
Factor of Safety: 1.09
Mobilized Support Pressure: 0.13 MPa
With support installed:
Radius of Plastic Zone ry: 11.61m
Wall Displacement u,: 218.58 mm
Tunnel Convergence: 10.2 %
With no support installed:
Radius of Plastic Zone rp: 20.67 m
Wall Displacement up: 703.81 mm
Tunnel Convergence: 32.84 %
Deformation at the tunnel face:
Wall displacement: 216.62 mm
Tunnel Convergence: 10.11 %
Critical Pressure per: 1.97 MPa

Tunnel and Rock Parameters:
Tunnel Radius ro; 2.143 m
In-Situ Stress po: 2.875 MPa

Young's Modulus of Rock Mass E: 446 MPa
Poisson Ratio v 0.35
Dilation Angle . 0°
Compressive Strength of Intact Rock c¢i: 25 MPa
Peak Strength Parameters Defined As: GSI, mi, D
Geological Strength Index: 22
Rock Mass Constant m;: 10
Disturbance Factor: 0.8
Not using residual strength parameters

Support Parameters:
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Total combine:
Maximum support pressure: 0.14 MPa
Maximum average strain: 0.1 %
Installed at distance from tunnel face: 0 m
Initial Tunnel Convergence: 10.11 %
Initial Wall Displacement: 216.62 mm
Shotcrete:
Properties: Thickness =50 mm, age = 0.5 days, UCS = 6 MPa
Maximum support pressure: 0.14 MPa
Maximum average strain: 0.1 %

Ground Reaction
and Support Reaction

Tunnel Face

Gonvergence attunnel face: 10.11 %

Support Pressure (MPa)
E

Tunnel Convergence (%)

Final convergence: 10.2 %, Factor of Safety: 1.09
Convergence attunnel face: 10.11 %, Convergence at support: 10.11 %

Hinh 7. Hé sé an toan vdi viéc sir dung bé tong phun 5cm dat dwoc 1a SF = 1.09

Quan sét két qua nay thay rang SF = 1,09 < 2,0 d6 hoi tu cudi cling cua dudng ham 1a 10,2% bién dang
cua bién 10 con qua lén 216,62mm. Puong 16 can thiét phai gia c6 thém. Vi gia thiét sir dung két cau
chéng neo dinh két toan bo khoang cach neo 1a 1,5m; duong kinh neo liy bang 19mm; chiéu dai neo dugc
mic dinh 1a vuot ra khoi vang bién dang déo. Két qua phan tich cé thém ca neo va bé téng phun (Hinh 8,
9) va céc théng sb duoc liét ké nhu sau:

Support Parameters:
Total combined:
Maximum support pressure: 0.222 MPa
Maximum average strain: 0.15 %
Installed at distance from tunnel face: 0 m
Initial Tunnel Convergence: 10.11 %
Initial Wall Displacement: 216.62 mm
Rockbolts:
Type: 19 mm Rockbolt
Maximum support pressure: 0.082 MPa
Maximum average strain: 0.2 %
Rockbolt square pattern spacing: 1.5 x 1.5 m?
Shotcrete:
Properties: Thickness = 50 mm, age = 0.5 days, UCS = 6 MPa
Maximum support pressure: 0.14MPa
Maximum average strain: 0.1 %

Quan sét két qua thay rang hé s bén da dugc tang 1én tir 1,09 18n 1,73 tuy nhién van con thip, ban kinh
ving pha hity d giam di tiép, ap luc két cau chdng giir 16n nhat chwa dat dwoc & mirc ap luc chdng g tiéu
chuan Pg = 1,97MPa. Do hoi tu duong 10 van I6n duong him van chua an toan can phai bo sung thém két
c4u chdng giir. C6 2 phuong an thiét ké ¢ day: 1-ting chiéu day bé tdng phun; 2 - ting mat do neo ciing
nhu chiéu dai neo. Tuy nhién, thyuc té thi cong va xay dung mo ¢ Viét Nam chiéu day bé tng phun ting
I&n do phun tha cng phc tap, tn kém thoi gian thi cong lau, twong tw voi ting mat d¢ neo va chiéu dai
neo. Do @6, phai tu duy str dung phuong an chdng bang khung thép cho hiéu qua tai khu vic duong 16 nay.
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Project Title:  Default Project

Project Settings: Deterministic Analysis, Carranza-Torres Solution
Tunnel Radius:  2.143m

In-situ Stress: 2.875MPa

Factor of Safety: 1.73
Mobilized Support Pressure:  0.13MPa Tt es
Radius of Plastic Zone: 11.61m. 20.67m (unsupported)
Tunnel Convergence: 10.2%, 32.84% (unsupported)

Hinh 8. Sir dung két cdu chang neo

Ground Reaction
and Support Reaction

#.
N
g
g
E
B
2.
g
=
3
£
=
G

Support Pressure (MPa)
a

20 20
Tunnel Convergence (%)

Final convergence: 10.2%, Factor of Safety: 173
Convergence attunnel face: 10.11 %, Convergence at support 10.11%

Hinh 9. Bé hdi tu cudi cing ciia dwrong ham va hé sé SF

Phuwong 4n thiét ké 2:

O phuong an nay st dung khung thép dé chdng gitr, chiing ta lya chon khung thép c6 thé tao ra dwoc &p
luc két cdu chdng lon dé dam bao dugc didu kién bén va an toan. Sir dung khung thép chir | véi do shu mit
cit 108mm, trong lwong 21kg/m dai, buéc chdng theo doc truc duong 16 12 0,7m. Sau khi sir dung ching
ta thu dwoc ap luc chdng giir Pi = 1,98MPa I6n hon 4p luc dit da ¢ thoi diém chuyén sang trang thai déo.
Két cAu chdng du bén. Két qua thu duoc trong truong hop nay dugc liét ké nhu bén dudi va trong Hinh 10.
Support Parameters:

Total combined:

Maximum support pressure: 1.98 MPa
Maximum average strain: 0.55 %
Installed at distance from tunnel face: 0 m
Initial Tunnel Convergence: 10.11 %
Initial Wall Displacement: 216.62 mm
Steel set:

Type: TH section rib

Properties: Flange width = 124 mm, section depth = 108, weight = 21 kg/m
Maximum support pressure: 1.98 MPa
Maximum average strain: 0.55 %

Steelset out-of-plane spacing: 0.7 m
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Ground Reaction
and Support Reaction

Tunnel Face
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Support Pressure (MPa)
P

0 100 200 300 400 500 600 700
Wall Displacement (mm)

Final wall gisplacement 217.38 mm, Factor of Safety: 15.35
Displacement at tunnel face: 216.62 mm, Displacement at support 216.62 mm

Hinh 10. Két qud phan tich siz dung khung thép
4. Két luan va kién nghi

Qua nhing dé cap va phan tich ¢ trén c6 thé thay rang, phuong phap dudng dac tinh khéi da va do hoi
tu gi6i han da phat huy dugc hi¢u qua st dung két cau Chong giir dé tan dung duoc kha nang mang tai cua
khoi dé va giai phéng dugc ung suit nguyén sinh trong khbi da (thong qua thoi gian lip dat két cau Chong)
Viéc sir dung két cdu chong gitr bang neo va bé tong phun trong nhiéu truong hop ¢6 hiéu qua gia cb buse
dau, theo thoi gian thi bién dang khoi dat da xung quanh céc dudng 10 tiép tuc tang Ién c6 thé gay pha huy
két cau chdng. Viéc nay doi hoi phai ¢6 thém két cau chbng giir bd sung lau dai dé duy tri s 6n dinh cua
duong lo.

Cac 1o gidi va phén tich truée day van con chua cha ¥ dén sy phat trién tiép theo hay su tai phuc hoi
cua trang thai ung suat nguyen sinh trong khdi dat da xung quanh duong ham (blen dang phuc héi) cua
dudng cong dac tinh khéi da. Mic do hoi tu 1au dal cua duong ham phu thugc rat 16n va su bién dang tlep
sau thoi diém lap dat két ciu chdng giir (hé két cau chong-khdi d4). Pay ciing 1a xu hudng tinh toan can
dugc quan tdm va nghién ciu chi tiét hon trong thyc té khai dao va chdng giir cac duong 10.

Trong diéu kién dau vao cua bai toan twong ty nhu diéu kién dia chat duong 10 doc via muc +125 mo
than Nam Mau khong nén sir dung két cdu neo va bé tdng phun, két ciu duoc sir dung 1 chir | chiéu rong
canh 124mm khoang cach 0,7m hoac sir dung thép SVP-22 budc chdng 0,7m.
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ABSTRACT

Application of Ground Characteristic Curve and Convergence
Confinement Method to design of rock supports

Tran Tuan Minht”
'Hanoi University of Mining and Geology

Ground Characteristic Curve (GCC) shows the interaction between pressure of supports (the initial stress
of rock mass) and the displacement of rock mass on the boundary of tunnels during excavation of tunnels.
The different ways, that indicates the relationship of pressure of supports and the level of Convergence
Confinement of tunnels by percent. The using GCC to design supports in the underground construction has
many advantages to ensure full utilization of the loading bearing capacity of rock mass and release a part
of initial stress in the rock around tunnels. In this article analyzed and applied GCC and Convergence
Confinement Method (CCM) to select and design the supports of underground constructions and applied at
the geological conditions of Nam Mau coal mine - Vinacomin.

Keywords: Ground Characteristic Curve (GCC); Support Characteristic Curve (SCC); Convergence
Confinement Method (CCM); Large deformation, Stand-up time.
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Ung dung khoan ngang dinh huéng HDD trong thi cong hé théng
duong ong ha tang k¥ thuat tai cac do thi ¢ Viét Nam

Vii Minh Ngan®", Pham Dirc Th’(_)1
! Truong Pai hoc Mo - Dja chat

TOM TAT

Sy phét trién cua cong nghé va gia tang dan sb tai cac khu d6 thi dan dén nhu cau Ién trong thi cong lap
dat cac duong 6ng ky thuat. Trén thé gisi, cong ngh¢ khoan ngang dinh huéng HDD hién dang dugc su
dung pho bién dé thi cong Iap dit hé thong dwong ong ky thuat tai cac khu vyc do thi da hinh thanh va on
dinh nham giam anh huong dén maéi trudng xung quanh, cudc sdng cua dan cu va cac cong trinh hién hiu.
Bai bao giai thiéu cong ngh¢ khoan ngang dinh huéng HDD trong xay dung duong ong ky thuat trong cac
db thi va ung dung tai mot sb dy an trong cac d6 thi ¢ Viét Nam. Qua do, nghién ctru rdt ra mot sé nhan
xét cho cdng tac thiét ké va thi cong hé thong duong dng ky thuat bang cong nghé khoan ngang dinh huéng
tai Viét Nam trong tuong lai.

Tir kh6a: Khoan ngang dinh hudng; khoan ngam; duong dng ky thuat; ha tang d6 thi

1. Pit véan dé

Sy phat trién clia cong nghé ky thuat va sy ting truong dan s6 tai cac khu do thi dan dén viée thuong
xuyén phai thi cong lip dat méi va bé sung céc hé thong duong ong ha ting ki thuat nhu hé thong cap vién
thong, duong dng cép thoat nudc. ... Viéc xay dung hé thong duong ong ky thuét, déc biét la he thong duong
dng ky thuat co dudng kinh nho trong khu vue d6 thi vi thé 1a yéu cau cp bach dé phat trién bén viing cac
thanh phé hién dai trén thé gisi ciing nhu tai Viét Nam. D4i véi cac khu dé thi di xay dung va hoan thién
ha tang thi viéc thi cong lip dat b6 sung cac dudng dng rat kho khin va gy nhiéu phién phiic cho dan cu
cling nhu giao thong.

Phuong phép khoan ngang dinh hudng 1a mot cong nghé thi cong xay lap cac dudong dng c6 nhiéu uu
diém khi thi céng trong cac khu vuc d6 thi chat hep, dong dan cu, c6 mat do giao thong day dic, nhiing khu
vuc nhay cam vé méi truong, kho khin vé dia hinh va dia chat (Sarireh va nnk, 2012; Willoughby, 2005).
So voi cac phuong phép thi cong hé thdng duong 6ng k§ thuat khac nhu phuong phéap dao ho hay phuong
phap khoan kich ngam pipejacking doi hoi dién tich thi cong trén bé mat I6n, anh huong dén giao thong
cling nhu phan ndo gay IUn trén bé mat va mot s rai ro khi thi cong nhu tai dy an xay dung hé théng tuyén
dng cap nudc sach TP HO Chi Minh, phuong phap khoan ngang dinh huéng HDD gan nhu khong gy anh
hudng dén méi truong dat va gay 1Gn bé mat ciing nhu khong yéu cau mat bang cho gleng thi cong. Ngoai
ra, phuong phéap khoan ngang dinh hudng cho phép khoan cac duong dng véi cac tuyén bao gom cac doan
cong voi ban kinh cong da dang.

Bai bao giori thiéu nhitng khéi niém co ban vé cong nghé thi cong khoan ngang dinh huéng HDD dé lap
dat duong ong ky thuat trong cac khu do thi. Nghién ctru cling néu mot s6 truong hop tng dung cong nghé
thi cong nay tai cac dy an thi cong lap dat hé thong cap thoat nuéc, hé thong duong ong ky thuat tai Viét
Nam. Trén co s¢ do, cac tac gia da rat ra cac uu diém cua phuorng phap thi cong khoan ngang dinh huong
va mot s han ché can khac phuc nham &p dung cong nghé nay pho bién hon trong cac du 4n co sé ha tang
cua Viét Nam trong tuong lai gan.

2. Cong nghé thi cong khoan ngang dinh hwong HDD

Cong nghé khoan ngang dinh huéng duoc st dung dau tién tai My khi thi cong duong ng dan k§ thuat
trong linh vuc dau khi tir nhirng nam 70 cua thé ky truéc. Cong nghé ndy hién da va dang tiép tuc phat trién
trong thi cong cac dudng dng dan dau, gas, va dic biét ing dung trong khai théc dau tir da phién trong thoi
gian gan day.

*Tac gia lién h¢
Email: vuminhngan@humg.edu.vn
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Ngay nay, cdng nghé khoan ngang dinh hudng khéng chi sir dung trong cac dw &4n dau khi ma con dugc
mo rong ap dung cho thi cong cac duong ong ky thuat trong cac khu vye d6 thi nhu thi cong lap dat cac hé
thong cap vién thong, hé thong cap dién, hé thong duong dng cip nudc tu chay.... Dic biét véi hé théng
cép thoat nudc, cdng nghé khoan ngang dinh hudng da thé hién wu viét trong viéc thl cong tai cac dia diém
¢6 dia hinh kho khan, dong dan cu va véi hiéu qua kinh té vuot troi. Cong nghé khoan ngang dinh huéng
cho phép khoan cac dudng dng c6 duong kinh tir 75mm dén 1500 mm véi chiéu sau tay v, chiéu dai khoan
dugc mai 1an ¢6 thé ti 4.000 m phy thudc vao tinh ning cua thiét bi. Tai nudc ta, cong nghé nay hién méi
bit dau duoc sir dung trong mot s6 cac du &n dau khi va xay dung ha ting ki thuat.

Hinh 1 m6 ta thiét bi khoan ngang dinh huéng HDD hién dang st dung tai mot s du an tai Viét Nam
v6i kich thudc nho gon va thuan loi trong di chuyén thi cong.

Hinh 1. Thiét bi khoan ngang dinh hwéng HDD
2.1. Cac bwéc thi cong khoan ngang dinh hwong HDD

. = Tuyén thiét k&
Khoan dinh hudng Dau khoan >

Hinh 3. Pau khoan c6 két hop vdi tia phun trong khoan ngng dinh hiréng

V& mit nguyén Iy thi cong, cong tac thi cong khoan ngang dinh huéng HDD bao gom 3 giai doan chinh:
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- Giai doan 1: Khoan dinh huéng tuyén éng

Trong giai doan ndy, tién hanh khoan dinh hudng bang dau khoan kich thugc nho theo tuyén ong thiét
ké ban dau (Hinh 2). Thiét bi khoan s& bao gom dau khoan va hé théng bom dung dich khoan. Trong qua
trinh khoan dinh huéng, dung dich khoan (thuong 1a bentonite) dugc bom lién tuc qua hé thdng cung cp
dung dich khoan dugc b tri trén mat bang thi cong. Dung dich khoan c6 tac dung van chuyén vat liu dat
dao va giir 6n dinh thanh hd khoan. Qua trinh khoan dinh huéng tuyén ong s& dugc két hop véi hé thong
dinh vi dé kiém soat duong di ciia miii khoan theo dung tuyén dng da dwoc thiét ké qua thiét bi dinh vi duoc
dit trong ddu khoan. Thiét bi nay cho phép xac dinh dwoc do sdu dang khoan, goc quay va goc nghiéng cia
dau khoan. Khi thi cong trong nhiing diéu kién dia hinh phic tap nhu duéi 1ong sdng, hd, hé théng phat tin
hiéu s& két hop véi céc thiét bi dinh vi vé tinh dé x4c dinh vi trf cua diu khoan.

Thi cong khoan ngang dinh hudng trong diéu kién dit yéu tai cac do thi I6n & Viét Nam nhu Ha Noi va
TP Hb Chi Minh nén sir dung dau khoan c6 tia phun nhu trén Hinh 3 khi két hop viéc khoan cét dat va su
dung phun chit Io6ng véi &p luc I6n dé pha céc lién két cua dét phia truée dau khoan.

Hinh 4. Giai dogn 2-Thi cdng khoan mé réng long dwong ong

- Giai doan 2: khoan mé rong long dng

Két thuc giai doan 1, tai phia cong trudng bén nhan dau khoan, dau khoan mé rong duoc lap dé tién hanh
khoan mé rong tuyén dng da dugc khoan tir giai doan truéc (Hinh 4). Trong giai doan nay, dung dich khoan
tiép tuc duge bom vao nham giir 6n dinh thanh tuyén éng.

Giai doan nay c6 thé tién hanh khoan mé rong nhiéu lan tly thude vao dwong kinh tuyén dng.

| 8ngkéo | khoanmérong -
- e —— L
“khopndi  daundi

| tuyéndng |
h > I

Hinh 5. Giai doan 3- Thi cong khoan mé réng long tuyén ong va kéo tuyén éng

- Giai doan 3: Lép dat duong 6ng.

Tai giai doan nay tién hanh kéo va lip dit duong dng nhu trén Hinh 5. Duong 6ng hoan thién dugc lap
dung san tai phia cong trudng bén dbi dién vi tri dat may thi cong, tai diém ra cia khoan dinh huéng va
dugc may thi cong HDD kéo qua tuyén 6ng da dugc hinh thanh tir giai doan 2 - khoan mé rong vé phia
diém bét dau khoan. Trong giai doan nay, phia dau éng van tiép tuc st dung dau khoan mé rong két hop
v6i bom dung dich khoan nham giam ma st thanh ong khi kéo va giir 6n dinh thanh tuyén éng. Sau khi
kéo duong dng dén diém bat dau khoan thi duong dng da duoc lap dat hoan toan.
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2.2. Xdc dinh mét sé thong sé chai yéu trong cong nghé thi cong khoan ngang dinh hwéng HDD

Khi tién hanh thiét ké va thi céng cong nghé khoan ngang dinh huéng HDD thi cac thong s6 can thiét
trong thiét ké va thi cong can xac dinh bao gom: ban kinh cong nhé nhét ciia tuyén 6ng, &p luc dung dich
khoan va lyc kéo tuyen ong. Bai bao nay tong hop cach xac dinh cac théng sb trén theo kinh nghiém thiét
ké va thi cong trén thé gidi, bao gom:

Ap lyc dung dich sir dung trong khoan ngang dinh hwéng dugc xac dinh theo ly thuyét khong gian ma
dugc d& cap trong Yu (2013). Trong d6 cac gia tri 4p luc dung dich I6n nhat dugc xac dinh véi cac diéu
kién xay ra day troi trong cac nghién ciu ciia Broere (2001) va Vii Minh Ngan va nnk (2015). Ap luc dung
dich nho nhét phu thugce vao duong kinh tuyén dng, chiéu sau va chiéu dai khoan va cac thanh phan dung
dich khoan va dugc xac dinh theo cong thuc sau:

pkhoan = Apkhoan + pdd gh (1)

Trong d6 pkhoan la ap luc khoan(kPa), Apknoan 1 ton that &p luc(kPa), pad 12 ty trong dung dich khoan, g
la gia tc trong trudng, h, 1a chiéu cao cot nude tai vi tri khoan (m).

Vé bén kinh cong nhé nhdt cuia tuyén ong, cho dén nay chua c6 mét nghién ctu ly thuyét nao chi ra cach
xac dinh théng sé nay. Tuy nhién, ban kinh cong nho nhét thuong dwoc xac dinh trén céc dir lidu va cac
kinh nghiém thi cong. Theo Ruhrgas AG, ban kinh cong nhoé nhat duoc xac dinh theo duong kinh cong
ngoai cua dudng dng theo cong thic sau:

- Véi céc dng c6 duong kinh nho hon 700mm:

R.in =1000xD, . 2

ngoai

- Véi céc dng c6 duong kinh 1én hon 700mm:

Ry =1400x,/DZ . ®)

Trong d6 Rmin 1a bén kinh cong nho nhat (m), Dngeai 1a duong kinh ngoai cia duong 6ng (m)

® -

L,

Hinh 6. Xdc dinh céc thong sé thi cong khoan ngang dinh hiréng HDD

Thanh phan lyc kéo duoc xac dinh theo cong thic kinh nghiém trong tiéu chuan ASTM F1962 (Hinh 6)

nhu sau:
7(R*=R?
V, = AP% )

Trong do, R 1a dudng kinh hd khoan (m), Re 1a duong kinh dudng ong (m), AP 12 &p luc thuy dong,
thuong lay bang 70kPa.

3. Ung dung cong nghé khoan ngang dinh hwéng tai Viét Nam

Xay dung hé théng duong dng ki thuat, dac biét 1a hé théng dudng 6ng ki thuat co duong kinh nho
trong khu vuc d6 thi 1a yéu cau cap bach dé phat trién bén viing cac thanh phd hién dai trén thé gioi ciing
nhu tai Viét Nam. Di voi cac khu do thi da xay dung va hoan thién ha tang thi viéc thi cong lap dat bo
sung cac dudng 6ng rat kho khan va gay nhiéu phién phirc cho déan cu ciing nhu giao théng. Bén canh do,
mit bang dé thi cong lap dat bang cac phuong phap dao hao, hay khoan kich ngam Ia rat kho.

Tai Viét Nam, cong nghé khoan ngang dinh husng méi dugc ap dung trong khoang thoi gian 10 ndm
gan day trong linh vyc thi cdng cac cong trinh ha tang ki thuat. V& thi cong cac duong éng phuc vu cong

73



trinh ha tang co so, cho dén nay cong nghé khoan ngang da duoc trién khai thi cdng & mot sé cong trinh
nhu khoan qua dudng bing & San bay Quéc té Noi Bai, khoan qua dudng Hing Vuong (quan Ba Binh, Ha
Noi) va da cho két qua tét.

C6 thé chia ra mot s6 ting dung cua khoan ngang dinh hudng tai Viét Nam theo pham vi nhu sau:

- Thi c6ng céc cong trinh du &n ha ting k§ thuat nhu hé théng cap nude, thoat nudc thai thanh phd;

- Thi c6ng céc cong trinh dudng éng bang qua dudng, qua khu dan cu dong duc;

- Thi c6ng céc cong trinh dau khi bao gébm hé théng duong dng dan dau, gas.

Dy an thoét nudc thai thanh phé Hung Yén 1a mét trong nhiing du an cho thiy tinh wu viét ciia phuong
phap thi cong khoan ngang dinh hudng trong viéc lip dit cac duong éng ky thuat.

Hinh 7. Thi cong kéo ong HDD tai Dur dn thodt nire thal thanh pho Hu*ng Yn 'v

Dy an ¢6 tong chiéu dai 18,22 km bao gdm mang luGi cong thu gom nudc thai, trong d6 ¢6 9,72 km
cdng bang bé téng cdt thép; 3,2 km cdng bao bé tong cdt thép va 5,3 km cdng ap luc su dung bng HDPE.
Khu vyec thi cong tap trung dong dan cu nén céc bién phap bao dam giao thdng va giam thiéu tac dong dén
cudc sdng caa ngudi dan xung quanh 1a hét sirc can thiét. Ban dau bién phap thi cong mang luéi cdng bao
gom ddi véi cac cong bé tong cét thép va dng HDPE toan bo thuc hién bang phuong phap dao mé dudi
long dwong. Tuy nhién, diéu kién dia chat ¢ khu vuc thi cong 14 diéu kién dat yéu, nén khi dao sau 3 - 4
mét, nha thau da phai tién hanh thuc hién nhiéu bién phap gia cé dat nham bao dam an toan, tranh sat truot
da lam gia tang thoi gian thi cong, ting kinh phi va anh huong lau dai dén cudc séng cia ngudi dan. Dic
biét, mot s6 doan tuyén xuat hién cac diéu kién dia chét rat khé dé giir on dinh thanh hé dao da gay kho
khan va kéo dai du an. Sau d6, mot s6 bién phép thi cong da duge dua ra dé khic phuc su ¢b va day nhanh
tién do thi cong. Trong d6 phan dng HDPE dugc thi cong bang phuong phép khoan ngang dinh huéng
HDD nhu trén Hinh 7. Két qua, doan 6ng HDPE da duoc thi cong nhanh chong, dat tién do dy an dé ra,
dong thoi giam thiéu tbi da cong tac dao nén duong va xir Iy khu vuc dat yéu.

Tai mot dy &n xay dyng hé théng nude khac 1a du &n cai thién méi truong nuée Nam Binh Duong (giai
doan 2), viéc ung dung cong nghé khoan ngang dinh huéng HDD da giam thoi gian thi cbng tir vai thang
xudng 1 tuan va khong phai dao hé mit dudng véi mat do di lai dong dic, giam thiéu anh huéng dén giao
thong di lai va cudc sdng cua ngudi dan trong khu vuc.

Hinh 8. Khoan ngang qua dwong tai Phu Tho

Hinh 9. Khoan ngang dinh huéng tai duw &n
lap dat dwong ong dan dau tai Viing Tau

Mot tng dung khac cua khoan ngang dinh huéng la khoan lip dat thém heé thong dng ky thuat bang qua
céc cong trinh ha tang c6 sin nhu duong cao tdc, ngd tu. Hinh 8 mé ta cong tac khoan ngang va kéo lip
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6ng ky thuat qua duong tai Phi Tho. Cong nghé khoan ngang nay so véi viéc thi cong dao hd nén duong
dang khai thac da giam thiéu thoi gian thi céng, nhan cong, chi phi rat nhiéu.

Tai Viét Nam, viéc ung dung khoan ngang dinh hudéng tai cac dw an xay dung va lap dat cac duong 6ng
dau khi d3 va dang duoc tién hanh khi lap dat cac duong 6ng dan dau tir céc mo dau ngoai khoi dén cac
nha méy loc dau. Hinh 9 mé ta cong tac thi cong lap dat duong dng thép boc bé tong tai dy an xay lap
duong ong dan dau tai dy an Nam Con Son, Viing Tau bang phuong phap khoan ngang dinh huc’mg. Véi
chiéu dai tuyén 6ng thiét ké hang chyc kilomet di qua cac khu vuc dén cu tap trung, giao cit cac tuyén
dudng giao thong, xuyén qua cac nga tu giao thong, nam duol long séng Mo Nhat va cac ¢am lay, phuong
phap khoan ngang dinh huéng HDD thé hién rd uu thé vé tién do thi cong nhanh, khoang cach duong ong
mét lan thi cong Ion dén hang kilomet va giam thiéu anh huong dén giao thong va cudc séng cia ngudi
dan.

Céc du an thi cong bang cong nghé¢ thi cong khoan ngang dinh huéng HDD tai Viét Nam cho thiy cong
nghe thi Cong nay cé nhleu uu diém bao gom may méc thiét bi thi cong nho gon, linh hoat, thi céng chinh
X4c, giam gia thanh, rat ngan thoi gian thi cong. Chinh vi vay hién nay cdng nghé¢ khoan ngang dinh huéng
da va dang duoc ap dung phé bién tai céc thanh phé trong khu vuc va trén thé gisi. Tuy nhién, cong nghé
nay con kha mai mé véi thi truong xay dung ¢ Viét Nam. Do vay, viéc tiép can cong nghé nay con nhiéu
han ché, cong tac thi cong hién nay con phu thudc vao cac chuyén gia nudc ngoai.

4. Kétluan

Nhu cau thi cong lap dat hé thong duong dng ki thuat ngay cang phat trién va cap thiét tai cac khu do thi
& Viét Nam dic biét tai cac khu d thi hién hitu khi cong tac thi cong dao mé gap nhiéu tré ngai do anh
huong téi giao théng va cudc sdng cua ngudi dan, 6 nhiém moi truong. Bai bdo néu 1én nhitng khai niém
co ban va mot sé tinh toan trong thiét ké va thi cong bang phuong phap khoan ngang dinh huéng HDD.
Cong nghé¢ thi cong khoan ngang dinh huéng HDD di thyc hién tai mot s6 du an & Viét Nam nhu dy én
thoat nuéc thai thanh phé Hung Yén, dy an cdi thién méi truong nuée Nam Binh Duong... cho thay cac
ru diém vé thi cong lap dung duong o dng trong cac didu kién khod khan vé mat bang va dia chat, rat ngéan
thoi gian thi cong, giam thiéu anh huéng téi giao thong va cudc séng cia ngudi dan. Tuy 1a phuong phap
thi cong kha phé bién tai cac nudc trong khu vuc va trén thé gici, cong nghé thi cong nay con kha méi mé
V6i cac cong ty xay dung & nuéc ta. Nham phuc vy nhu cau Ién trong thi cong cac duong ong ha tang ki
thuat tai cac khu do thi & nudc ta, can thiét ¢ sy dau tu vé nghién ciru va hoc tap kinh nghiém thi cong
trong thoi gian gan.
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ABSTRACT
Applications of Horizontal Directional Drilling (HDD) technology in
pipeline construction in urban areas in Vietnam

Vu Minh Ngan**, Pham Duc Tho?
! Hanoi University of Mining and Geology

The development of the technology and the growth of the population lead to a high demand in pipeline
construction in urban areas. The horizontal directional drilling (HDD) becomes popular trenchless
technology in the world for installing pipeline systems in exisiting resident areas in order to reduce effects
on surrounding environment and nearby buildings. This paper introduces the horizontal directional drilling
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(HDD) technology and applications in some infrastructure projects in Vietnam. On the basis of the study,
some lessons have been obtained for improving the designing and construction works in installing the
pipeline in future projects in Vietnam.

Keywords: Horizontal directional drilling; trenchless; pipeline; urban infrastructure.
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Numerical analysis of soil nailing for stability of slopes
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ABSTRACT

Soil nailing is one of the in-situ soil reinforcement techniques in the field of geotechnics that has been
widely used in the world. Soil nailing is a system consisting of reinforced concrete piles and rebars or
composite rods installed with an inclined direction into the slope. The researches and applications of soil
nailing technology to reinforce slope in Viet Nam have not been widespread, and most authors only consider
the construction technologies, processes, requirements for the materials, equipment and checking the
quality of soil nails, etc. In this study, an attempt has been made to study the performance of a soil nail wall
supporting a vertical cut of 10m height slope. The response of the soil nailed slope is then simulated
numerically by using a finite element analysis. To assess the performance of the soil nailed slope, the factor
of safety (FoS), horizontal deformation and axial forces of nails have been studied. The results of the
numerical analyses indicate that the soil nailing is a feasible, efficient, and economical reinforcement
technique, particularly for supporting slopes stability and applications in geotechnical engineering.

Key world: Soil nail; numerical analysis; safety factor; deformation.

1. Introduction

Soil nailing is an in-situ earth retaining technique and it has been excessively used all over the world for
the various slope stability applications. The behaviour of soil-nailed slopes is significantly affected by the
various factors such as the installation method of nails, construction sequence, soil and nailparameters, etc.
Simulation of soil nail structures using PLAXIS 2D is time-efficient and relatively easy due to the user-
friendly environment (Babu, Singh, 2007). In practice, a soil nail is rigidly connected to the wall facing
(FHWA, 2003; Joshi, 2003) by means of bearing plate and hexagonal nut to the temporary facing which in
turn is connected with permanent facing using headed studs via bearing plate forming a rigid connection
with the continuous reinforced concrete permanent facing. PLAXIS 2D uses 15-node triangular elements
for generating finite element mesh. The software offers multi choices of mesh density ranging from very
coarse to very fine. Briaud and Lim (1997) provided information about where to place the boundaries so
that their influence on the results of the numerical simulation of soil nail wall can be minimised.The
research and application of soil nailing technology for reinforcement slopes are quite new methods (limited)
in Vietnam. Up to the present, most authors have only pointed out the construction technology, processes
as well as the requirements for materials and equipments, checking the quality after construction, etc (Dong
Kim Hanh, 2015; FHWA, 1998).

In this article, a soil nailed vertical slope study via numerical analysis has been conducted to examine
the effect of nail structural under surface load (surcharge load) on development of nail axial force
distribution, stability improvement of soil slopes and facing deformation in a staged-excavation. In addition,
the result can contribute to the analysis and design of such improvement method in the future in the
domestic construction industry.

2. Material and methods
2.1. Soil and soil nail parameters

The reinforcing action of soil nails can be developed through soil/nail interaction due to ground
deformation, which results in the development of tensile forces in soil nails. This developed tension force
is the main part of resistances. Conventionally, shear and bending have been assumed to provide a little

* Corresponding author
Email: phamthinhan@humg.edu.vn
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contribution to its resistance (Lazarte, 2015). The effect of soil nailing is to improve the stability of slope
through (1) increasing the normal force on the shear plane and also the shear resistance along slip plane in
granular soil; and (2) reducing the driving force along slip plane both in granular and cohesive soil. For the
purpose of illustrating and better understanding, a typical 10 m high soil- nailed wall with vertical face and
horizontal backfill is considered for the present study (Fig.1).

HHHEHRT

Phase 1

Sho
Phase 2 SN 3

Phase 3

Ne
Phase 4

Phase 5

i

Fig.1. Numerically simulated 10 m high soil- nailed slope

To observe the load transfer mechanisms in the nailed slope as failure was approached, a surcharge
loading was incrementally applied on the top of the slope. The surcharge applied is caused by a vehicle
load. Each vehicle weighs 15 tons on average, the maximum number of vehicles that can be arranged on
the width of the road pavement is 2 vehicles. So the surcharge load per unit area q = 2x15t =30 T/ 30 m?
= 1T/m? = 10 kN/m?. If 2 is considered to be the Factor of Safety, the surcharge load per unit area is
calculated by 20 kN/m?2.

Table 1 summarises the geometric configuration and other design details of the soil nail wall. PLAXIS
8.6 is used to carry out the finite element based simulations of the soil nail wall considering it as a plane
strain problem and accounting for the long term behaviour using drained conditions.

Numerical simulations of the soil nail wall are performed considering Mohr Coulomb (MC) model, and
the observations are made regarding global stability, displacements of the excavation base, lateral
deformations and axial forces in the nails after each construction stage. Given below is the brief description
of various parameters required in MC-model, which was used to simulate the soil nail wall. Primary
objective of the study is to bring out the implications of the use of soil models, typical values of the different
soil model parameters used in the study are summarised in Table 1 and Table 2.

Table 1. Soil geotechnical parameters

Parameter Name Unit Value
Cohesion C kPa 10
Unit weight Ysat kN/ m3 19
Internal friction angle Degree 40
Poison’s ratio of soil - 0.3
Elastic modulus E kN/m? 30000
Table 2. Facing and soil nails parameters
Soil nail
Parameter Name Value Unit
Type of behaviour Material type georid -
Normal stiffness EA 1.06E+06 kN/m
Length L 8 m
Nail inclination o 15 0
Grouted nails and facing
Type of behaviour Material type elastic -
Normal stiffness EA 2.2E+06 kN/m
Bending stiffness El 1.84E+03 KkNmZ/m
Facing thickness d 0.15 m
Poisson's ratio 0.25
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The following nail pattern was carried out to review the effect of soil nail structures on deformation of
excavations (Fig. 2)

Fig. 2 Soil nail partern

As mentioned earlier, soil nail wall is simulated as a plane strain problem and long term behaviour is
simulated using drained analysis conditions. 15-noded triangular elements are used for generating finite
element mesh of appropriate density. Coarse mesh density is adopted globally, which is refined to fine
density in the vicinity of the soil nail wall (Fig. 2). Mesh boundaries are placed far enough to minimise the
influence of mesh boundaries on the results of the numerical simulation (Briaud and Lim Y.,1997). Fig.1
showed the simulated soil nail wall with excavation and soil nail dimensions, and various parameters
including in situ soil properties, mesh boundaries and fixity conditions.

2.2. General Procedure for Numerical Simulation

The general steps in the numerical simulation of the soil nail wall are listed below:

- Firstly, material properties, geometry of the soil nail wall (including nails and facing elements layout),
boundary conditions are defined in the input program.

- Secondly, Desired mesh density was chosen. This is followed by initial gravity stresses using (k0)
procedure (i.e. at-rest condition).

- Third, Staged construction option is used to simulate construction of the soil nail wall in ten stages
indicated below:

Stage 1: Excavating and removing the first layer of soil to the depth of -2.0 m, activating surcharge
load of 20 kKN/m2;

Stage 3: Excavating and removing the second layer of soil to the depfh of -4.
Stage 4: Installation the second row of soil nail at an altitude of -2.5 m and -3.5m

Deformed mesh
Exreme total deglacement 16.99%10% m
{dsplacements scaled up 100,00 mes)

Deformed mesh
Extreme total deplacement 17.00710 7 m
(depkacements scaed up 100.00 times)

Stage 5: Excavating and removing the second layer of soil to the depth of -6.0 m
Stage 6: Installating the third and fifth and sixth row of soil nail at depth of -4.5 m and -5.5m
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Extreme total 3
( <)

Stage 9 Excavating and removing the second layer of soil to the depth of -10.0 m
Stage 10: Installation of the ninth and tenth row of soil nail at depth of -8.5 m and -9.5m

3. Result and discussion

By using Plaxis software the results of stability analysis of soil-nailed slopes were modelled and
presented with a special attention paid to the factors influencing the stability of soil-nailed slopes. In the
simulation the factor of safety (FOS) and horizontal deformation of nails are the factors that were
investigated.

3.1. Variation of FOS with construction stage

Based on the reduced ¢ and ¢ parameters of the soil, the factor of safety (FOS) in the currently used
model can be computed according to Eq. 1, which is proposed in the calculation window of PLAXIS. While
calculating FoS using the finite element-strength reduction method, the entire slope, from toe to the crest
was in the range which involves all elements to be in a plastic state. The principal described above is the
principal definition for ¢ - ¢ reduction method, which was used here to compute the global factor of safety.

C — o,tand

FOS = — "M% 1)
C, —o,tand,

Where:
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on is the acting normal stress component;
c and ¢ are input soil strength parameters;
C: and ¢ are reduced strength parameters, large enough to maintain equilibrium.
In this approach, the tangent of internal friction angle and the cohesion are reduced in the same
proportion:
£ _ tand _ 2
Cr - tang,. Z MSf
In which, the total multiplier (3 Msf) control the reduction of those parameters. Total multiplier will
be increased in a step by step procedure until the failure occurs. So that, the value of (3, Msf) at the failure
phase is defined as the factor of safety (FoS).

In this report, construction progressed incrementally in a top down manner by repeating two steps of
construction. The first step began with soil being excavated to a depth of 2.0 m below the level of soil nail.
Step no 2 consisted of installing the soil nail and concrete facing. Steps 1 and 2 were repeated until the full
excavation depth (10 m) was attained. The inclined angle (a), is the angle of a soil nail, with reference to
horizontal direction. The typical relationship between excavation stage and calculated FoS is presented in
Fig.3. The relationship between excavation stage and tension force is presented in Fig.4.
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Fig.3. Trend of FoS with construction stage
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Fig.4. Tension forces of nails at the final stage

Looking at the graph in Fig.3, it is clear that the FoS experienced a downward trend. At the first stage,
The FoS is close to 3, then The FoS decreases sharply about 2.2 at the end of second stage . After this, there
was a slight fall of FoS factor over the next three stages. At the fifth stage the FoS factor equals 1.52. This
result shows that soil nails provide an appreciable stabilizing effect.

Fig.4 shows the distributions of the axial forces developed in the nails. The axial forces of nails
fluctuated considerably from the first stage to fifth stage. Relatively large forces are mobilised in the eighth
row nails. It reached a peak at approximately 146,25 KN/m. Then they fell in the final stage about 1.07
KN/m. The modelling result indicates that only small axial forces are mobilised in the lowest soil nails and
they provide little reinforcing effect to the slope.

3.2. Variation of horizontal displacement and axial forces with construction stage

The profiles of horizontal deformations of the excavation faces obtained from the PLAXIS 2D analysis
are plotted in Figure 5.
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Fig.5a shows the lengths of the nails extending beyond the potential failure surfaces, this demonstrates
that soil nails play an important role in stabilizing for the slope. On other hand, from Fig.5 b, the maximum
horizontal displacement of slope after reinforcement is Ux = 44.75*10°m = 4.4 cm. With the maximum of
excavation depth, the limit value of the horizontal displacement [Ux] = H/200 = 10/200 = 5cm. This result
illustrates that in a nailed excavation, nails will help limit the amount of horizontal ground movement.

4, Conclusion

In the present study, the stability of a typical soil nailed slope has been examined using the conventional
FHWA procedure and via numerical simulations.

The factor of safety (FoS) is changed during excavation progess. If the design of soil nailing is
reasonable, the factor of safety will gradually decrease from the first excavation phase and closer to stability
criterion of 1.5 at the final stage. But vice versa, horizontal deformations of the excavation faces has
experienced a upward trend toward the end of excavation progess.

The horizontal displacement of slope after reinforcement is smaller than the limit value of the horizontal
displacement. This illustrates that in a nailed excavation, nails will help limit the amount of horizontal
ground movement.

The results show that the soil nailing technique provides a feasible, efficient, and economical alternative
to the conventional retaining structures, particularly for supporting vertical or near vertical cuts made in
soil for various slope stability applications in geotechnical engineering.
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TOM TAT
Str dung phuong phap sé phan tich 6n dinh mai déc gia cudng bing
cong nghé soil nailing
Pham Thi Nhan®™, Nguyén Anh Hoa?

1 Khoa Xay dung, Truong Pai hoc M6 - Bja chat ’
2 Khoa khoa hoc co ban, Truong Pai hoc Mo - Dja chat
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Cong nghé Soil nailing 1a mot 1a mét trong nhiing ky thuat gia ¢ dét trong linh vuc dia ky thuat da duoc
g dung rong réi trén thé gii. Soil nailing 1a mot h¢ thdng céc coc vira xi mang c6t thép hoac thanh lién
hop dugc déng theo phurong nghiéng vao trong cac tang dat. Viéc nghién ciru va ap dung cong nghé nay &
Viét Nam chwa dwoc rong réi, hau hét cac tac gia méi chi tap chung vao cac khia canh nhu : cdng nghé thi
cong, qué trinh thi cong, yéu cau vé vat liéu, thiét bi va kiém dinh chat lugng két ciu soil nailing, v.v.
Trong nghién citu nay nhom tac gia tap trung nghién cau tng xu mai ddc dung c6 do sau 10m, khi su dung
cdng nghé gia cé soil nailing. Ung XU mai dbc sau khi duoc tién hanh gia ¢6 dugc md phong sbé bang
phuong phap phan tir hitu han. Hé sb an toan (FOS), chuyén vi ngang, va luc doc thanh neo duoc st dung
dé nghién clru tinh néng cua két cau soil nailing. Két qua phan tich s6 chi ra rang Soil nailing 1a mot cong
nghé gia c6 kha thi, hidu qua va kinh té, dic biét dé chong gitr 6n dinh méi déc va cac ung dung trong céng
trinh dia k¥ thuat.

Tir khod: Soil nailing ; md phong sb ; hé s6 an toan ; chuyén vi.

83



ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng ciia muc nudc ngam dén trang thai co hoc trong khoi da
xung quanh cong trinh ngam va tac dong lén ket cau chong

Nguyén Quang Phich?*, Nguyén Khic Cuong®, Nguyén Ngoc Hué?
Trieong Pai hoc Vin Lang
2H4i Cong trinh ngam Viét nam
3Trong Pai hoc Thii Dau Mt

TOM TAT

Trong thyc té xay dung cong trinh ngdm, do cac hoat dong tich liy nudc (hd chia), khai thac nudc va
dic biét 1a do anh huong caa bién doi khi hau, muc nudc ngam c6 thé bién dong trong khdi da xung quanh
cong trinh ngam. Bién dong nay gay bién doi trang thai co hoc trong khi da ciing nhu gay tac dong dén
két cAu chdng giir cong trinh ngam. Céc quy luat bién dong va tac dong ndy can phai duoc quan tam nghién
clru dé c6 thé dé xuit cac giai phap thiét ké va thi cong thich hop. Bai viét gisi thiéu mot s6 két qua nghién
ctru phan tich cac qua trinh bién d6i co hoc trong khdi da nut né khi khdng va cé két ciu vo ham, vé quy
luat bién @i cua noi luec trong két ciu chdng khi muc nudc ngam bién dong, sir dung chuong trinh phuong
phap s UDEC.

Tirkhoa: Khdi da nat né; cong trinh ngam; bién dong muc nudc ngam; két cau chdng; chuong trinh UDEC.

1. Pit van dé

Xay dung cong trinh ngdm ludn phai di mat voi hang loat céc van dé lién quan véi nude ngam. Cho
dén nay céc cong trinh nghién ctu chu yéu tap trung vao viéc du bao lugng nude c6 thé chay vao cong
trinh ngam (water inflow, water inrush) nhu ciia Kochina (1962); Godman (1965); Lei (1999); EI Tani
(2003); Hyung Ho Park (2008); Homayoon Katibehl and Ali Aalianvari (2012), cling nhu tic dong cua
nudc ngam lam giam do bén cua d4, ma sat va lyc dinh cua mat phan cach, dan dén cac trang thai mat 6n
dinh cua khéi d4 nhu Nguyen Quang Phich et al. (2013). Rd rang 1a, khi muc nugce ngam trong khéi d4 bién
dong thi pham vi chiu tac dong Cua nudc trong kh01 da ciing thay ddi va dan dén bién dong cua trang théi
co hoc. Ngoai ra néu cong trinh ngam da c6 két cau Chong thi du6i tac dung cua ap lyc nude (ap luc nudc
khe nit hay ap luc nudc 16 rdng), noi luc trong két cau chdng ciing bién ddi theo. Pay 1a mot van dé thyc
té, nhung cho dén nay hau nhu chua duoc quan tdm thich dang, can phai duogc nghién ciu dé cé thé phan
tich chinh x4c hon cac dang tai bién dia chat-ty nhién, tir 6 c6 thé dé xuat giai phap chdng gitr va thiét ké
hop ly két cau cong trinh ngam, ciing nhu cac cong trinh dia ky thuat khéc.

Xuét phat tir nhan xét trén va trén co sé sy phét trién cac cong cu md phong sé manh nhu cac chuong
trinh s6 sai phan hitu han UDEC, FLAC, sai phan hitu han va khéng ludi FEC va cac chuong trinh phan tir
hitu han nhu PLAXIS (Nguyén Quang Phich va nnk 2007, Nguy&n Quang Phich va. nnk 2016) chic chén
c6 thé ‘nghién ctru dé xac dinh dugc cac quy luat chung, ciing nhu céc quy lut cu thé cho timg truong hop
thyc té. Bai viét nay gidi thisu mot vai két qua dién hinh nhan duoc tir mot trueong hop thuc te cbng trinh
ngam nam ndng trong khéi da co hai h¢ khe nut chiu dnh hudng cua bién dong muc nurdc ngam tir mot ho
chira nuéc, sir dung chwong trinh sé UDEC.

2. So @b bai toan va ndi dung nghién ciu

Truong hop thuc té cia bai toan duoc phac hoa nhu trén Hinh 1. Khéi d4 bao gdm tir mot loai dé véi
mat do trung binh 2,5g/cm3, mé dun nén thé tich K = 16,667GPa, md dun truot G = 10 GPa, Trong khdi da
ton tai hai hé khe nit xuyén sudt véi cac géc cam 20° va -80° so véi phuong nam ngang. Hé khe nat cam
20° ¢6 khoang cach 2m=0,3m; hé khe nit vai goc cam -80° ¢6 khoang cach trung binh 1,5m+0,2m. Hai hé
khe nut co cac dac diém gidng nhau vé trang thai bé mat, cu thé goc ma sat 30°, do cung phap tuyén
20GPa/m, d6 cing tiép tuyén 10GPa/m, khi cd nuée géc ma sét s& suy giam va nhan gia tri 25°.

*Tac gia lién h¢
Email: ngphichhumg@gmail.com
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Vian d¢ can giai quyét la van dé két hop co hoc véi thiy dong hoc, duoc giai bang phuong phap sai phén
trung tam, xay dung trong chuong trinh UDEC. Dc‘Jng’chéy trong cac khe nat duoc gia thiét la chay tang
va on dinh khi c6 nu6e dang. Dinh luat Darcy dugc chap nhan cé dang:

Ap
1 X

Véi q 1a luu lwgng nuéc qua mot don vi tiét dién trong mot don vi thoi gian, a 1a &6 ma (hay chiéu rong)
khe nut, k; 1a hé s6 thim cua h¢ khe nit, Ap/l 1a gradient thay luc (Ap 1a d6 chénh ap va 1 1a quang duong).
Hé s6 tham cua cac hé khe nit dugc xac dinh theo dd nhét dong hoc ciia nude w, cu thé bang 1/12p va nhan
gia tri 0.833.10% Pa*s? véi u=10°Pa.s.

q=-k,.a%

e

I
ll
|
I
|
I
|
|
|
|
I
I
|

Hinh 1. Viing khéi dd c6 dwong ham ks thudt va tuyén duong giao thong
1: Suon doc tu nhién tiep xUc véi mat nudc; 2: Ranh gidi véi mién khdng tham nueéc;
3: Mat mize nueoc ty do trong khoi da,; 4. Bé mat tham nuwoéc ty do

Tir cac diéu kién hinh hoc cu thé, dua theo cac diéu kién rang budc vé ving khao sat trong co hoc da, so
dd cac bai toan dugc khao sat thé hién trén Hinh 2 cho truong hop ham khdng chdng va trén Hinh 3 cho
truong hop ham cé vé chdng. Ving khao sat c6 chidu rong 40m; chiéu cao 30m; duong hiam c6 ban kinh
2m, c6 ddy ham nam cling mic vai tuyén duong giao thong; dinh duong ham cach mat dat 10m.

! gt ! " . ’ F
Hinh 2. Puwong ham khong chang Hinh 3. Pwong ham c6 vé chang
Két qua phan tich 6n dinh ctia dudng ham sau khi dao cho thay néu khdng chéng do ngay, cac khéi nut
phia trén dinh hdm truot doc theo hai mat khe nut cdm -80° vao dudng ham, thé hién trén Hinh 4. Dé dam
bao dudng him én dinh, giai phap chng duoc chon 1a vo bé téng phun day 10cm, mat doé 2,5g/cm?3, md
dun dan hdi 21GPa, hé s6 Poison 0,15, d6 bén kéo 2MPa. Sau khi chdng, mac du xuét hién ton tai hai mat
truot moi, nhung khéi da va vo chong déu on dinh, thé hién trén Hinh 5.

Hinh 5. Tran

thai sau khi chang

«
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Dé c6 thé thay duoc tac dong ciia myc nude dang 1én, da khao sat cac truong hop duong ham khong co
va c6 két cau chdng véi cac muc nude ngam dang I18n & bién trai theo cac mirc so vai dinh duong ham la
Om, 2m, 3m, 6m va 10m.

Muc tiéu cua phan tich anh huong cia myuc nudc ngim dang 1én trong truong hop duong ham khéng
chéng 1a dé thay duoc mirc do mét 6n dinh khdi da trong qua trinh ddo, con trong truong hop di co két ciu
chéng sé& vira danh gia dugc mirc d6 mat on dinh khéi da va vira phan tich dwoc cac mirc d6 tac dong cua
muc nuéc ngam lén két cau chong.

3. Két qua va thao luan

Céc két qua md phong s6, phan tich cac trang thai co hoc trong khéi da c6 mot duong ham khong co két
cAu chdng va co két cau chdng, vdi cac truong hop muc nudc tai hd chira dang Ién tai suon trai caa mo
hinh mé phong so véi mie dinh ham 14 Om; 2m; 3m; 4m va 10m duoc téng hop trén Hinh 6. Cac vét mau
xanh ng véi ap luc nude khe nit va cuong do thay doi twong Gng véi do dam, nhat. Cac hinh chir thap
mau do tng véi cuong d6 cac thanh phan ng suat 1on nhat va nho nhat; thé nam caa chdng cho biét phuong
tac dung. C4c vét mau nau do thé hién cac mat truot c6 thé xuat hién trong khdi da va cac miii tén mau
traﬁ’ng (xam) 1a cac véc to dich chuyén; do dai twong dbi thé hién cudng do dich chuyén. Tir Hinh 6 cho
thay:

- Trong qua trinh dao, néu chua kip ldp dung két cau chdng thi khdi da mat 6n dinh; mirc nudc & hd
chtra dang cao s& hinh thanh hai mat trugt phia dinh him; khi myc nuéc dang that cao (10m), cac khdi nit
phia néc ham bj day ngang va khi da hoan toan bi pha hoai;

- Khi hdm d4 c6 két ciu chdng, hay da 1ap dung kip thoi, xuat hién nhiéu mit truot nho theo cac hudng
doc hai hé khe nut; dong thoi xuat hién dich chuyén song song véi hé khe nut cam 200 véi cuong d6 cang
I6n khi myc nude dang cang cao. Tuy chua dan dén trang thai pha huay rd rét, nhung can thiét phai co giai
phép giir 6n dinh phan khéi da phia trén dinh ham.

Muc nud6ce dang phia
suon trai so véi mac
dinh ham

Khoi d4 véi duong ham khong
chong

Khdi da véi vo ham bé tong phun
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4. Két luan

Muc nuéce dang [én trong khéi da xung quanh cong trinh ngétlm 14 mot yé'u t6d
dinh khéi da cling nhu tic dong den biéu hién cia két cau chdng, trong boi canh bién déi khi hau, mua

nhiéu, myuc nudc cé thé dang cao dot ngot, viéc phan tich

dén trang thai mat 6n

an

hong bang md hinh s6 UDEC cho phép du

,mdp

4t dwoc cAc giai phap phong ngira sy

bao duoc CAc trang thai bién doi co hoc c6 thé xay ra, gop phan dé xu
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¢b va tai bién dia chat. Myc nuéc ngam bién dong ciing dan dén sy thay ddi ap luc nudc khe nut, c6 tinh
dinh huéng trong khdi d4 nit né va dan dén bién doi ca vé gia tri va vé hudng tac dung caa ndi luc trong
két cau chong.
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ABSTRACT

Influence of underground water level rise on the geomechanical state
in the jointed rock mass around a tunnel and on the support structure

Nguyen Quang Phich2, Nguyen Khac Cuong?, Nguyén Ngoc Hug®
Van Lang University
Vietnamese Tunneling Asociation
3Thu Dau Mot University

In the practical construction of underground excavations, the groundwater level in the surrounding rock
masses can fluctuate due to water accumulation (reservoirs), water abstraction and, in particular, due to the
consequences of climate change. This fluctuation causes changes in the geomechanical state of the rock
mass and effects on the support structure. This phenomenon and its effects must be predicted in order to
get appropriate suggestion for the design and construction measures. The article presents some simulation
results that analyze the redistribution of geomechanical processes in the jointed rock mass around a tunnel
with and without support as well as the rule of the changes of the internal forces in the support structure
when the groundwater level changes by using UDEC.

Keywords: Jointed Rock Mass; Underground Excavations; Water Level Changes; Support Structure;
UDEC.

89



E RSE’ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
SANYH SCRPCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru anh huoéng cia &p luc guong dao dén do 1Gn mat dat
khi thi cong duong ham bang may khién dao
D6 Ngoc Théi*”, Nguyén Huy Higp?

! Truong Dai hoc Mo - Pja chat
2 Dai hoc ky thudt Lé Quy Dén

TOM TAT

Cong tac thi cong duong ham c6 thé gay ra dich chuyén, pha hiy khéi dat ¢a xung quanh duong ham,
xuat hién 1un mat dat. Trong nhiing nam qua, may khién dao dugc su dung dé xay dung duong ham trong
thanh ph co diéu kién thi cong kho khin nhu diéu kién dia ky thuat phuc tap hay trong dat yéu. Khi thi
cong duong ham bang méy khién dao viéc duy tri ap luc lén guong dao dé gitr on dinh bé mat guong dao
duong ham 12 mét trong sb nhiing théng sé quan trong nhat. Trong qua trinh thi cong, khi gia tri &p luc
guong dao qué I6n co thé gay ra cac hién twong déy trdi 18n trén mat dat, khi 4p luc gwong dao cé gia tri
nho c6 thé gay ra cac hién tuong truot |6 dot ngot vao trong gwong dao va gy ra sut lin 1én dén mit dat.
Bai béo sir dung phuong phap phan tir hitu han bang phan mém Abaqus-3D dé mo phong cong tac thi cong
duong ham trong pham vi diéu kién thanh ph Ha Noi va du béo anh huéng cua gid tri ap luc guong dao
dén d¢ lun mat dat.

Tir khoa: Puong ham; may khién dao; 4p luc guong dao; do lun mat dat; 6n dinh mat guong dao.

1. it van dé

Xay dung hé thong duong ham trong d6 thi la giai phap rat hiéu qua dé giai quyét nhu cau phat trién ha
tang co sd tai c&c thanh phd I6n. Trong qua trinh thi cong duong ham, phia truéc gwong hinh thanh khoi
dat da pha huy 6 xu hudng truot, sut 16 vao trong guong dao (V6 Trong Hung, Phiing Manh Déc, 2005; Do
Ngoc Thai and Protosenya A.G., 2017). D¢ 6n dinh gwong dao phu thudc rat nhiéu yéu t6 nhu dic tinh Khéi
dét da duong ham thi cong qua, vi tri, kich thude duong ham, cong nghé thi cdng. Khi thi cong cong trinh
ngam trong madi trudng dat béo hoa hién nay chu yéu sir dung cac may khién dao kiéu kin, cong nghé thi
cong nay cho phép co thé khong can str dung cac bién phép giir on dinh guong dao thong thuong nhu ha
muc nudc ngam khoan phut vira hodc dong bang nhan tao. Ngoai ra ching con cho phép kiém soat do lan
bé mat, han ché céc rui ro tai gwong dao nhd vao su ton tai lién tuc cua ap luc chong gilr trén mat guong
(5 Ngoc Anh, 2016; Protosenya va nnk, 2015). Cong tac thi cong cac duong ham trong thanh pho bang
mady khién dao thi phuong phap gitr on dinh mat guong dao 1a duy tri 4p luc 18n mat guong dao dé gitr 6n
dinh, can bang &p luc guong dao rét 1a quan trong. Cong tac nghién ciru cac phuong phép gitr on dinh guong
dao va danh gia anh huong cua gié tri ap luc duy tri 1én guong dao dén do 6n dinh, dich chuyén lun mat dat
hién nay van chua duoc quan tam. Bai bao phan tich, lya chon pham vi sir dung higu qua cac phuong phap
giir 6n dinh guong dao cua cAc loai méay khién dao va du bao anh huong caa gia tri ap duy tri 1én mat guong
dao dén do 1Gn mat dat.

2. Phwong phap giir 6n dinh mit gwong dao

May khién dao 1a may dao ham co gidi c6 nhiéu chirc ning tap trung théng nhat nhu dao tach khéi dét
d4, che chdng bao vé, Iap dat vo ham, van chuyén dit da. May khién dao thich hop cho viéc thi cong duong
him qua vung dat da mém yéu, phirc tap 6 nguy co mat én dinh cao, dit da co kha ning sut I ngay vao
trong khong gian cong trinh néu khong co két cau chong gii. Phan dau ¢ trang bj dau cat c6 nhiém vu pha
v khéi dat d4 trén guong, phan ké tlep co trang bi cac ong kich day cho phép kich day méy tién vé phia
trugc, phan dudi khién co trang bi thiét bi lip dat vo ham duc sin, van chuyén dat d4 vé phia sau va dua ra
ngoai, bom phut vira lap day khoang trong phia sau vo ham.

*Tac gia lién h¢
Email: dongocthai@humg.edu.vn
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Khoang cong téc ¢ phia sau mam cét luon dugc duy tri &p luc nham can bang &p lye nudc ngam va ap
luc dat da dé giir 6n dinh cho guong dao va giam nhitng dich chuyén 10n trén mat dat. Theo phuong phap
glu on dinh mit guong dao thi may khién dao dugc chia ra: khién can bang ap luc khi nén; khién can bang
&p luc vira va khién can bang ap lyc dat.

- Khién can bang &p luc khi nén: phwong phép giit 6n dinh guong dao bang khi nén, khi thi cong qua
dia tang c6 chira nudc ngam, dé ngan chan khOng cho nudc ngam xam nhap vao budng cong tac, trong
truong hop ndy budng cong tac dwoc duy tri mot &p luc khi nén. Nho &p lee khi nén, nude ngam khéng chi
bi giir lai ma con bi giir sau trong dét.

- Khién can bang ap luc vira: phuong phép gitr 6on dinh guong dao bang &p huc vira, khién dao ap luc vira &p
dung phu hop cho dia tang c6 bé mat guong co thé Chong 4o bang dung dich vira ap lyc, thi cong trong nhiing
dia hinh kho khan nhu duéi cac song ho, hodc dudi tang nudc ngam dat daora duoc dua ra ngoai qua ong dan,
da cudi, s6i duoc nghién ra va di chuyén ra ngoai qua duong 6ng. Ap luc nudc ngam, &p lyc dia tang dugc can
bang vai &p luc dung dich vira. Khoang cong tic dugc bom vao dung dich vira ap luc, thich hop cho viéc tao Ién
mang buin chéng d& khdi dét truéc guong. Pia cit phia trudc guong cao boc khdi dat & mat ngoai mang bun.
HaN hop bun dat trudc guong sau khi dugc tach boc duoc bom hut dwa 1én mat dat dé xir ly.

- Khién can bang &p luc dat: _phuong phép giir 6n dinh guong dio bang &p luc dat, dat duoc dao boi dau
cit cua khién s& duoc st dung dé gia cb gwong ham. Chét tao bot dugc bom vao trude dau cit lam cho dat
két dinh lai dam bao kiém soét chinh xé&c &p luc can bang guong dao, dit sau khi tach béc ra s& theo ranh
dao cit tién vao khoang cong tac. Khi ap luc trong khoang cong tic du I6n dé chéng lai 4p luc dia tang va
ap lyc nuéc ngam th| mét guong dao s€ dugc gitt 6n dinh ma khong bi sut 16. Yéu cau can gitr cho lugng
dat trong mang xoan dc va luong dét trong khoang cbng tac can bang voi lugng dat dao ra tién vao trong
khoang cong tac. Dat dao ra dugc van chuyen trong méang xoin 6¢ & ph|a sau khoang cbng tac theo cira xa
dugc dua ra ngoai. Khién can bang ap luc dét thich hop véi cac dia tang dat sét, dat c6 thanh phan dinh
két... @ong thoi bao vé o hiéu qua sy 6n dinh bé mat gwong dao, giam dugce do 1un mat dat, trong khi thi
cong d& dang thao tac va c6 tinh an toan cao. Khi thi cong qua cac tang dat cét, soi, can tron thém dung
dich vira, phu gia... dé cai tién dac tinh cua khéi dat sau khi dao ra, nhu ting tinh luu dong, lap day khoang
cong tac lam 6n dinh bé mit guong. Phuong phap giit 6n dinh guong dao va anh hudng khi thi cong duong
ham dén d6 1un mat dat cia mot sé duong ham trén thé gisi dugc trinh bay trong Bang 1.

Bdng 1. Phuong phdp gidk on dinh gwong dao va gié tri 1Gn mdz dat gay ra boi cong tac thi cong duong
ham (Vittorio Guglielmetti et al., 2007).

Puong ham l]?uc‘mg béc':rt]rlie gjgﬁg ISr:arT:gt Ki.éuAméy khién.(}é();.(}um?g h? m
inh, m ha % thi cong trong dieu kién 16p dat.
am, m | dat, mm

Ham duong sit tai thanh phd Khién can bang ap luc dat; dat
Barcelona, Tay Ban Nha. 11,2 30 5,0 sét va cat.
Ham thoat nuéc & Sudden Khién can bang ap luc dat; cat
Valley, My. 14,3 9,12 43,0 bao hoa nudc.
Ham tau dién ngam duong s6 Khién &p luc dat; cat va dat sét.
1 & Madrid, Tay Ban Nha. 9,38 15,50 18,0
Ham tau dién ngam sb 2 ¢ Khién &p luc dat; dat sét va cét.
Madrid, Tay Ban Nha. 9,38 17,00 21,2
Puong ham 6 t6 ¢ Val-de Khién can bang é&p luc vira; soi
Marne, Phép. 3,35 7,75 5,3 cat.
Duong ham tau dién ngam so Khién can bang ap luc vira; dat
2 ¢ Thuong Hai, Trung qu00 11,2 24,50 17,9 mun, cét pha.
Puong ham tau dién ngam D Khién can bang &p luc vira; cét
tai Lyon, Phap. 6,27 16,40 13,5 sét min.

3. So' db tinh &p lwc 1én gwong dao
3.1. Phwong phdp xdc dinh ap luc lén gwong dao theo Kartoziya, B.A. va cac cdng su

Gia tri p lyc 1én guong dao phy thugc cac yéu t6 (Kartoziya, et al. 2003): Chiéu sau bé tri duong ham;
déc tinh co 1y khoi dat d4; kha nang xuét hién nuwdc ngam hoac tang chira nuée va gié tri &p luc 1én guong
dao dugc xac dinh theo cdng thuc:

P>P4 +Py 1)
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trong do: P4 - ap luc gay 1én boi dat da, kN/m? Py, - &p luc gy 1&n bai nudc ngam, KN/m?2,
3.2. Phwong phdp xdc dinh ap luc lén gwong dao theo Protosenya. A.G. va cac cgng sw

Do 6n dinh, can bing guong dao dugc xac dinh qua hé s can bang l1a ty s6 giira tong cac luc chéng
truot, dich chuyén cua khdi dat da véi tong luc gy truot, dich chuyén cua khdi dit da vao guong dao
(Protosenya.A.G., Belyakov H.A., Do Ngoc Thai, 2015). Bé khao sat hé s6 can bang F ta xét mot duong him
¢6 dudng kinh D, thi cong dudi d6 sdu H tinh tir bé mit dat, phia trudc gwong hinh thanh ving dat da dudi
tac dong cua trong lugng ¢ xu hudng truot, dich chuyén vao trong guong dao. Phuong phép thi cong sir
dung t6 hop méy khién dao, khoang ap luc c6 sir dung &p luc 1én guong g, (Hinh 1).

Gid tri hé sb can bang dugc xéac dinh theo cong thic:

F:171+T2+-(;‘—1+C2+P (2)

trong d6: 7, - luc chdng lai qua trinh truot, dich chuyén xudng cua khéi dat da do Iuc ma sat gay ra trén bé
mit bén, kN/m?; 7, - luc chong lai qué trinh truot, dich chuyén xuong cua khoi d4 vao guong do luc ma
sat trén bé mat (AC) gay ra, kN/m?;

K
T

Hinh 1. Sor d6 xdc dinh &p liee Ién guong dao (Protosenya, Belyakov, Do Ngoc Thai, 2015)

¢, - luc chéng lai qua trinh truot, dich chuyén xudng cua khéi dat d4 do luc dinh bé mat bén gay ra, KN/m?;
¢, - luc chdng lai qua trinh truot, dich chuyén xudng cua khdi dat da vao guong do luc dinh bé mat (AC)
gay ra, KN/m?; P - lyc ngin can qué trinh truot, dich chuyén khéi dat d4 vao trong guong do ap luc 1én
guong q gay ra, kN/m?2; T - gia tri luc gdy ra qua trinh truot, dich chuyén cua khéi dit d4 vao guong dao,
KN/m2,

Tong trong luong khéi da truot, dich chuyén xudng guong dao:
wW=y.V 3)
Trong d6: V- thé tich khéi dét da truot, dich chuyén xudng guong dao (md); y - dung trong cua khdi dat da
vling pha hay, kN/m2, Ta cé:
V= %.R.H.{DZ +D[D + 2H.tg(45—- ¢/ 2)]+ [D +2H.tg (45— ¢/ 2)]2} )

trong d6 D - dudng kinh dwdng ham, m; ¢ - goc ndi ma st cta dat d4 ving pha huy, do.
Luc chdng lai qua trinh truot, dich chuyén xuéng cia khdi dat d4 do luc ma sat trén bé mat bén gay ra:

t1 =7.H/2.5in(45 -/ 2).cos(45 — 9/ 2)tgeSp (5)
Trong do: Sp - Dién tich mat trugt xung quanh:

Sp = mH.D + H.tg(45 — ¢/ 2): cos(45 — 9/ 2) (6)

Luc chdng lai qua trinh truot, dich chuyén xudng cua khéi dat da vao guong do luc ma sat trén bé mit
(AC) gay ra, (kN/m?):

T2 = W.cosb.tge, kN )

Luc chdng lai qué trinh truot, dich chuyén xudng cua khéi dat da do luc dinh bé mait bén gay ra:
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€1 =CSp.cos(45 — ¢/ 2) (8)
trong d6 ¢ — lyc dinh két bé‘mat cua dét da. Luc chdng lai qué trinh truot, dich chuyén xuéng cua khdi dat
da vao guong do lyc dinh bé mat (AC) gy ra:

2 = m.D%.c/4.cos0 9)

Luc ngan can qué trinh truot, dich chuyén xudng cia khéi dat da vao trong guong do ap luc guong dao
q gay ra, KN/m2:

P = (n.D?%/4).0.tg%(45-$/2), (10)
trong d6 q — ap luc tac dung 1én guong dao, kN/m?,
Gia tri lyc gy ra qua trinh truot, dich chuyén cua khdi dat ¢4 vao guong dao, kN/m?:

T=W.sin0 (11)

Thay vao cong thuc (1) ta co:
_|yH 2
F= 7.sm(45 —@/2).cos(45 -/ 2)tgpSy, + W.cos0.tgp + C.Sp.cos(45 — ¢/ 2)+ nD*.c/ 4cosO +

2
+%.q.tgz(45—(p/Z)}/y.V.sinG (12)

Dé dam bao an toan ta c6 hé sé F = 1 thay vao cong thuc ta co gia tri ap luc tac dung 1én gwong dao:

q= [y.v.sin 0— %.sin(45— ¢/2).cos(45— @/ 2)tgp.Sy — W.cos 0.tgp — €.Sp.cos(45— ¢/ 2) -

192(45—¢/2), kN/m2.

B nDz.C /TED2
4c0s0 4

4. Xay dwng md hinh sé

Dé dy bao do 1Gn mat dat khi thi cong duong ham bang may khién dio, trong nghién ciru ndy nhoém tac
gia sir dung phuwong phap phan tir hiru han théng qua phan mém chuyén dung Simulia Abaqus-6.12, phan
mém cho phép phén tich cic qua trinh thi cong tach boc dat da, duy tri p luc 6n dinh guong ddo, cong tac
Iip dyung vo ham va cdng tac phut vira lap day khoang trong gitra bé mat dat d4 va vo ham, dong thoi dua
ra cac két qua gia tri ung suat va dich chuyén khbi dat da gay ra boi cong tac thi cong dudng ham.

4.1. Kich thwéc m6 hinh

Kich thuéc mé hinh ¢ anh huéng dén téc do tinh toan, do chinh xéac cua két qua tinh toén, viing phan
tich duoc lya chon c6 kich thude phuong ngang, phuong thing dung va phwong doc truc him cé gia tri 1an
luot 14 (100mx100mx120m) dé ving anh huéng tao ra tai duong bién trong két qua phén tich cé gia tri
trong gidi han cho phép. Kich thudc dudng him co dwong kinh D = 6,3m, vo ham cé chiéu day d = 0,3m
d6 sau dat duong ham h = 20m. Cac théng sb co 1y khbi dat da dugc thé hién trong Bang 2.

Bang 2. Thong sé co Iy khéi ddt dd sir dung trong mé hinh

STT Thong s6 Sét mém Cat Sét ba
1 5 7 21 67
2 | Dung trong tu nhién, ¥,,sae (KN/m3) 19 19,3 20 22
3 | Trong lwong b&o hoa, ¥sq: (KN/m?3) - 20 21 23
4 | Hesd1drdng, e - 0,2 0,4 04
5 | M6 dun dan hbi, E (MPa) 10 15 20 80
6 | He s Poisson, v 0,35 0,35 0,32 0,3
7 | Goc ma sat trong, ¢ (%) 30 30 30 36
8 | Goc gidn no, ¥ 0 0 0 0
9 | Luc dinh két, c (MPa) 03 03 - -
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4.2. Diéu kign bién
Bién trai va bién phai ciia m6 hinh chon loai ¢b dinh c6 ung suét tiép va chuyen vi ngang tai bién bang
khong; tmg suat phap va chuyen vi thang dimg dé tu do. Bién ddy cua mo hinh c6 chuyen vi ngang, thing dimg

bang 0; tmg sudt tiép, phap tuyén dé tu do. Bién phia bé mit dé ty do cho phép chuyén vi thing dimg va chuyén
vi ngang nhu trén Hinh 2.

Hinh 2. Diéu kién bién bai toan
4.3. Ap lwc Ién guwong dao
O bai toan nay, dé phan tich anh huong cua gid tri ap luc guong dao dén d6 ln mat d4t, nhom tac gia sir

dung 4p lyc 1én guong dao phan bo tuyen tinh tang theo d6 sdu co gid tri thay doi: Fy = 80+250 kPa + AF Hguong,
trong do: AF - gia tri ap luc guong tang tuyén tinh theo dd sau tir dinh ham dén day ham, AF = 12kPa/m; Hguong —
d0 sau guong dao, tai dinh guwong: Hgwong = Om, tai day guwong dao: Hgyone = 6,3m.
4.4. Cdc giai dogn m0 phong tinh todn thi cong dwong ham

Cac giai doan md phong, tinh toan cong tac thi cong doan ham bao gom: Giai doan 1: xay dung Qiéu kién
bién, truong ung suat ban dau; Giai doan 2: tach boc dat da, duy tri ép luc 1én guong dao; Giai doan 3: lap dat vo
chong cho duong ham, duy tri ap luc phut vira phia sau vé chong. Két qua dich chuyén the hién trén Hinh 3.

-5.673e-02
-7.067e-02

Hinh 3. Dich chuyén theo phuwong thang dimg
4.5. Két qud tinh toan

'Két qua phan tich sy anh huong cua gid tri 4p luc duy tri 1én mat gwong dao dén gia tri 1Gn mat dat duoc
thé hién trong Hinh 4.
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Gia tri dp lyc duy tri 1én mat guong dao F, (kPa)
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g 003
£ -0.04
L -0.05

Hinh 4. Sir anh hirong cia gid tri &p luc duy tri 1én mar guwong dao dén dé 1an mar ddt

Trén Hinh 4 thé hién gia tri IGn mat dat 16n nhét trén mat cat ngang duong ham khi st dung cac gia tri
ap luyc 1én guong dao khac nhau. Tir két qua phan tich mé hinh sé cho thay gia tri ap luc duy tri 1én guong
dao c6 anh huong dén gia tri 1Gn mat dat. Khi gié tri ap luc duy tri 1én guong dao tang thi gid tri dich chuyén
IGn mat dat giam. Véi gia tri 4p luc 1én guong dao Fy = 80kPa + 12kPa/m. Hgune gid tri 1Gn mat dat 1a
19,84mm vai gi trj ap luc 1én guong dao Fq = 250kPa + 12kPa/m. Hgyone gid tri 1Gn mat dat 1a 14.15mm.

5. Két luan

Trong qua trinh thi cong duong ham, phia trudc guong hinh thanh khéi dat da bi pha huy c6 xu huong
truot, sut 16 vao trong guong dao. Cong tac duy tri ap lyc 1én guong dao co tac dung nhim can bang glu on
dinh guong dao, kiém soat d6 dich chuyén khéi dat d4 vao trong guong dao, giam thiéu do 1Gn mat dat. Két
qua phan tich cho thdy, khi sir dung cac gia tri ap luc duy tri 1én gwong dao khac nhau thi gay ra gia tri 1un
mit dat khac nhau. Méi quan hé, khi gié tri &p luc guong dao tang thi d6 lGn I6n nhét trén mat dat giam doi
khi chi mang tinh tic thoi, khi st dung gia tri ap luc 1én guong dao qua 16n thi ap luc trén guong dao lai
lam phéa hay trang thai tng suat-bién dang tu nhién cua khdi dat d4 phia truéc gwong dao, hau qua gay ra
d6 1un mat dat lai ting dan theo thoi gian.
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Study of the influence of face pressure on surface settlements by
shield tunnelling
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The construction of tunnels in urban areas may cause ground displacement which distort and damage
overlying buildings. In the past fewdecades, shield tunneling machines have been used to drill in
increasingly difficult geotechnical conditions such as soft ground like soft clay. During the advancement
of shield tunnel boring machines, the face pressure is one of the most important factors of critical. In
tunneling by shield tunnel boring machines, high face pressure often leads to surface upheaval whereas low
face pressure leads to sudden collapse of the face and ultimately settlement of the surface. The paper
presents a 3D simulation of shield tunneling machines via the finite element code Abaqus and quantifies
the influence of shield tunneling machines face pressure on ground surface settlements of the Hanoi metro.

Keywords: Tunnel; shield tunneling machines; face pressure, surface settlements, tunnel face stability.
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E RSE’ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
SANYH SCRPCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru dé xuat phuong phap tinh do 10n va sic chiu tai
cua nén dat yeu gia co bang coc cat bien-xi mang
Ta Buc Thinh®*, Nguyén Thi Dju?

Trwong Pai hoc Mé-Pia chdt
2NCS Truong Dai hoc Giao thong Vdn tdi

TOM TAT

Cong nghé coc cat bién-xi mang gia ¢b nén dat yéu duoc phét trién trén co sé cong nghé coc cat va cong
nghé coc dat-xi mang. Pé tmg dung céng nghé nay vao thuc tién gia ¢ nén dat yéu, can xay dung co so ly
thuyét, trong d6 van dé tinh toan do 10n va suc chiu tai cua nén dam bao do tin cay ¢ y nghia rat quan
trong. Bai bao trinh bay két qua nghién ctru, dé xuat phuong phap tinh toan do6 l0n va strc chiju tai cua nen
dat yeu sau gia ¢b trén co s¢ phan tich vai trd caa ham lwong xi mang trong hdn hop vat liéu tao coc va ciu
trdc nén dat yéu. Khi ham luong xi mang trong hon hop vat liéu coc nho (3 — 5 %), phia dudi vung hoat
dong nén €p cua cong trinh (mii coc) 1a dat yeu thi kién nghi sir dung phuong phép tinh toén dya trén co
so Iy thuyét nén bién dang tuyén tinh (nhu ddi vai truong hop cai tao nén bang coc cét), bao gdm: phurong
phap “l6p twong duong”, phuong phéap cong lin tung 16p, phuong phap Puzurevxki, phuong phap Maxlov,
phuong phép Iaropolxki. Khi ham lugng xi ming trong hon hop vat liéu coc 16m (>10 %), phia dudi viing
hoat dong nén ép cua cong trinh la dat tét thi kién nghi str dung phuong phép tinh toan nhu dbi véi truong
hop gia ¢ nén bang coc dat-xi mang, theo do, sirc chiu tai cua nén tinh theo phuong phap Bengt Brome
(Thuy Dlen) va Bergado D.T (AIT), d9 lin cua nén tinh bang téng do lun ciia khdi gia ¢6 va do lun ciia nén
dat dudi khéi gia cb.

Tir khoa: Gia cd nén dat yéu; coc cat bién-xi mang; tinh d6 1Gn; tinh sirc chiu tai.

1. Pat vén dé

Gia c6 nén dat yéu bang coc cat bién-xi ming la dung mot thiét bi chuyén dung dua hdn hop vat lidu cat
bién-xi mang khé vao nén dat dudi dang coc tiét dién tron véi cac dudng kinh khac nhau. Pay 1a cong nghé
m&i gia ¢b nén dat yéu, duoc phét trién trén co so cong nghé coc cat va cong nghé coc dat-xi mang. Sau
khi gia cb, strc chiu tai ctia nén tang 1én, d¢ lin cua cong trinh giam di 1a nho cac qua trinh: nén chat dat do
vt lidu cat bién-xi ’mang chiém chd thé tich 10 rong ¢ trong nén dat, gia tang cuong do ciia coc va dat nén
xung quanh coc, c6 két thoat nudce cua dat nén. Pé c6 thé ung dung cong nghé coc cat bién-xi mang vao
thuec tién gia cb nen dat yeu can xay dung duoc co so 1y thuyét cuia cong nghé dam bao tinh khoa hoc va do
tin cdy, trong d6 van d¢ tinh toan strc chiu tai va do lun cua nén dat sau gia cd la het sirc quan trong. Bai
toan tinh strc chiu tai va do lun cua nén cong trinh néi chung, ciia nén dét yéu gia c¢b bang coc cat bién-Xi
mang ndi riéng 1a bai toan phirc tap. P06 chinh xac, dd tin cdy khi tinh lin va stre chiu tai ctia nén phu thudc
vao phwong phap tinh, su phit hop cia so db tinh toan voi g xr thue tién cua d4t nén khi chiu tac dong
cua tai trong ngoai ciing nhu sy lwa chon phu hop cac tinh chat co 1y cua dat nén dua vao tinh toan. Sau khi
gia cb bang coc cat bién-xi mang, cac chi tiéu co 1y cua d4t nén s& thay ddi dang ké nén viéc lya chon chiing
dua vao tinh toan dam bao do chinh xac, tin cdy la rat quan trong. Trén co s& phén tich cac két qua nghién
ctru budc dau, ching toi dé xuat phuong phap tinh strc chiu tai va do lin cta nén dat yéu gia co bang coc
cat bién-xi mang vai mong muon hoan thién co s& 1y thuyét cong nghé coc cat bién-xi mang va néu duoc
kiém nghiém tir thuc té gia cb nén, day s& 1a co s khoa hoc quan trong dé kién nghi str dung cong nghé
coc cat bién-xi mang vao thyc tién gia c6 nén dat yéu ¢ nudc ta.

2.2. Phuong phap luin nghién ciu

2.1. Co sé khoa hec nang cao sic chiu tdi va gidgm d¢ 1Gn cia nén dat yéu gia cé bang cec cét bién-xi
mdng

* Tac gid lién h¢
Email: taducthinh@humg.edu.vn
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Ciing nhu céc loai dét khac, dat yéu la vat thé lich sir tu nhién duoc hinh thanh trong qua trinh phong
hoa da gdc dudi tac dung cua cac tac nhan phong hoa: vt Iy, hda hoc va sinh hoc. San pham cudi cling cua
qua trinh phong hoa d4 gdc 1a tao ra céc hat khoang vat co kich thudc hat, thanh phan, trang thai, tinh cht
co ly khac hin so vai da gde ban dau. Cac hat khoang vat nho cling véi nuéc va khdng khi ton tai trong cac
15 r6ng gilra céc hat khoang vat chinh 1a céc pha ciu tao nén dét, nghia 1a, dét duoc cau tao boi 3 pha: ran,
long va khi. Pha ran gom cac hat khoang vat riéng ré khong gan két véi nhau hodc c6 gan két véi nhau
nhung d6 bén cua lién két gira cac hat nho hon IlhleU S0 Véi do bén cua ban than cac hat. Pha long va pha
khi gom nudc va khong khi ton tai trong cac 15 rdng giira cac hat ran caa dat. Su ton tai cua 3 pha: rén,
long, khi trong cau tao cua dat 1am cho dét c6 nhitng dac tinh khac véi vat thé lién tuc khac, d6 1a tinh mém
roi, tinh @ng xtr voi nuéc va tinh di huéng. Tinh mém roi cua dat thé hién thdng qua su ton tai cac 16 rdng
cua dét giira cac hat. Tinh &ng xtr véi nude thé hién thong qua tinh tham nudc, tinh chira nude, tinh hap thu
nudéc va sy bién di trang thai, tinh chat cua dat khi lugng nude trong dat thay do6i. Tinh di huéng coa dat
the hign s khong dong nhét vé kich thuéc cac hat ran, thanh phan khoéng vat, thanh phan héa hoc, trang
thai va tinh chét co 1y cua dat (Ta bt Thinh, Nguyén Huy Phuong va nnk, 2002, 2009).

Khi mot luong vt licu cat bién-xi méng dugc dua vao nén dat dudi dang coc thi ching s& chiém chd 15
rdng & trong dét, lam cho tong thé tich 15 rong giam di, nén dit duoc nén chit. Coc cat bién-xi mang ¢ dang
kho s& hut nuéce ¢ trong nén dé tao thanh vira cat bién-xi méng, sau d6 déng cung thanh coc c6 cuong do
khang nén cao hon nhiéu so véi ban than hdn hop vat liéu; ddng thoi 1am cho d6 4m cua nén dit xung quanh
coc giam di, cac hat dat xung quanh coc sap xép lai, do chat cia ving dat xung quanh coc tang 1én. Cac qua
trinh nay chinh Iam cho st chiu tai cua nén sau gia ¢6 tang 1én va do 14n cia nén cong trinh giam di.

2.2. Co sé khoa hoc tinh sirc chiu tdi va dg 1Gn ciia nén dt yéu gia cé bang coc cat bién-xi mang

Sau khi gia ¢ bang coc cat bién-xi mang, nén dat yéu trg thanh mot nén méi ¢é thanh phan, trang thai,
tinh chat co 1y mai, khac han véi nén dat trude khi gia cd. Vi vay, viéc tinh toan sirc chiu tai va do lun cua
nén sau gia ¢ ciing khac véi tinh suc chiu tai va do 1Gn cta nén trudc khi gia cb.

Hién nay, c6 kha nhiéu phuong phap tinh toan sirc chiu tai va d lGn caa nén cong trinh. Mdi phuong
phép tinh toan c6 wu diém, nhugc diém, pham vi ing dung riéng va c6 d6 chinh xac khac nhau.

*\é cdc phwong phdp tinh sirc chiu tai cia nén cong trinh

Stc chiu tai cia nén cong trinh 1a kha ning chdng d& cia dit nén ddi véi tai trong cong trinh truyén
xudng nén, phu thudc vao thanh phan khoéng vat, thanh phan hat, trang thai va tinh chit co 1y cua dit nén
(Ta Buc Thinh, 2002). Cac loai d4t nén c6 pha rin I cac hat khoang vat co cudng do cao, kich thuge hat
160, trang théi cang, tinh nang xy dyng cao, do am nho thi ¢6 sic chiu tai cao va nguoc lai. Nghia Ia, strc
chiu tai caa nén dugc quyet dinh bi stuc khang cit cua dat la goc ma sét trong () va luc dinh két (c).

Khi sirc chiu tai cua nén khong dap tmg duoc yéu cau thiét ké thi nguoi ta phai 4p dung cac giai phap
khac nhau dé nang cao suc chiu tai cua nen (Hoang Van Tén va nnk, 1997), hay néi cach khéc, strc chiu tai
cua nén dat con dugc quyét dinh boi cac yéu té nhan tao (con nguoi) thdng qua cac giai phap thiét ké nén
mong khac nhau. Vi vay khi tinh toan sac ch1u tai cua nén cdng trinh, nhat thiét phai tinh dén cac yéu té tu
nhién va nhan tao 1am nén sac chiu tai caa nén.

Hién nay, c6 kha nhidu phuong phép tinh toan suc chiu tai cia nén cong trinh, cd thé ké dén nhu: nhom
phwong phap tinh toan dua vao gia thiét mit truot quy dinh trudc; nhém phuong phép tinh toan dya trén
co s6 1y luan nén bién dang tuyén tinh; nhom phuong phép tinh toan dua theo ly thuyét can bang giéi han;
nhém phuong phép tinh toan theo quy pham (cac tiéu chuin xay dyng cua Viét Nam, Nga, Anh, My,
Nhat).... DU tinh toan sirc chiu tai theo phwong phép nao ciing can phai xac dinh dwoc cc théng s6 tu nhién
cua dat nén 1a géc ma sat trong (o), luc dinh két (c), cac théng s6 nhan tao 1a chiéu sau chén méng (h) va
chiéu rong mong (b).

*\é cdc phuwong phap tinh do lGn cua nén cong trinh

D6 1an ctia nén cong trinh 1a bién dang ciia nén dét theo phuong thang dimg. Vi dat dugc cau tao boi hat
ran, nudc va khi ton tai trong cac 16 rdng cta dat nén do ldn cua nén cong trinh phu thudc vao bién dang
ctia hat rin va bién dang cua nudc c6 trong dat. Hat ran ciia dat xem nhu khong bién dang (trén thuc té hat
ran co bi blen dang nhung rét nho - theo ly thuyet tu blen) nude ciing dugc xem la khdng bién dang nén
d6 1tn cua nén cong trinh thyc té chi phy thugc vao su bién dang cua dat do sur giam thé tich 16 rdng cua
dét. Mot cach tdng quat, tri s6 do 1an cua nén cong trinh ¢ thé dugc xac dinh theo biéu thuc sau:

S =Sy + Shr + Sek (1)
trong d6:  S: tdng d6 1Gn cua nén cong trinh;
Si: d0 1Un tac thoi;
Spr: d6 10n cua hat rn;
Sek: d6 1Gn ¢6 két.
Trong biéu thirc trén, @6 1n tic thoi (d6 lun dan hoi) cta nén cong trinh ¢ gi tri nho, do 1an cua hat
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ran (d6 1Un tir bién) ciing nho (Nguyén Huy Phuong, 1999) nén d¢ ldn cua nén cong trinh thuc té chu yéu
phu thudc vao d6 1an cb két, nghia 1a do 1an do thé tich I8 rdng trong dat giam di nho nuée va khi trong 15
réng cua dat thoat ra ngoai.

Hién nay, c6 rat nhiéu phuong phap tinh toan do 1in ¢4 két ciia nén cong trinh, ¢6 thé ké dén nhu: phuong
phap str dung két qua bai toan nén dat mot chiéu, phuong phép dua trén co s¢ 1y luan moi truong bién dang
tuyén tinh, phuong phép tng suét 1on nhat trén truc thang dimg di qua tam dién chiu tai, phuong phéap bai
toan khong gian c6 xét dén bién dang hong cua dat, phuong phép "16p twong duong”, phuong phap cong
IGn ting 16p....DU st dung bt ky phuong phéap nao thi d 1n co két cia nén cong trinh cling phu thugc vao
tai trong cong trinh tac dung xuong nen (ap luc gay lun Py), chiéu day 16p dét tinh toén (vung anh huong
cua cong trinh H) va déc trung bién dang cua I6p dat tinh toan (modun tong bién dang, hé s6 nén, chi So
nén, h¢ s6 rong...). Nhu vy, cling nhu suc chiu tai, d6 lan cua nén  cong trinh cling phu thugc vao cac yéu
td tw nhién (cac thdng sé dic trung b1en dang cuia dat nén) va cac yéu té nhan tao (ap luc gay ln, chiéu sau
anh huong caa cong tr|nh) Néu dit nén c6 tinh bién dang 16n thi hién nhién d6 1Gn cua nén cong trinh s&
16n va nguoc lai, d4t nén c6 tinh bién dang nho thi d6 1Un s& nho. Do do, dé giam d6 l0n caa nén cong trinh
can phai c6 cac giai phap giam dic trung bién dang caa dat nén, giam &p luc cong trinh chuyén xubng nén,
giam chiéu sau viing anh huéng cua cong trinh.

3. Pé xuét phwong phap tinh todn sic chiu tai va do 10n cia nén dit yéu gia cé bang coc cét bién-xi
mang.

3.1. Phan tich co sé khoa hoc dé xudt phwong phdp tinh todn

Nhu da phan tich & trén, stc chiu tai va do 1Gn ciia nén cong trinh dugc quyét dinh boi cac tac nhan tu
nhién (cac dic trung sic khang cat va bién dang cua dat) va nhan tao (cic giai phap nham gia ting dic
trung strc khang cét, gidm dic trung bién dang cia dat va thay doi két cAu méng cong trinh). Gia ¢b nén dat
yéu bang bat ky cbng nghé nao ciing la giai phép nhan tao nham lam thay do6i thanh phan, trang thai, tinh
chat cta dat nén va thay ddi két cau nén mong.

Cong nghe¢ coc cat bién-xi mang gia c6 nén dit yéu dwoc phat trién trén co s& cong nghé coc cat va cong
nghé coc dat-xi mang (Ta Buc Thinh, Nguyen Thi Diu, 2019). Cong ngh¢ coc cat, vé ban chit 1a céng nghé
cai tao nén, con cong nghé coc dat -xi mang, vé ban chat 1 cdng nghé gia cb nén. Vi vay, viéc tinh toan sic
chiu tai va d6 lun caa nén dét yéu gia_ cb bang coc cat bién-xi méng co thé sir dung céc phuong phap tinh
toan theo cong nghé coc cat (cai tao nén) va theo cdng nghé coc dit-xi mang (gia c6 nén).

3.1.1. Tinh to&n theo cong nghé coc cat (cdi tao nén)

Cong nghé coc cét cai tao nén dat yéu 1a ding thiét bi chuyén dung dua cat vao nén dudi dang coc. Tac
dung chu yéu cua coc cat 1 nén chit co hoc va cd két thoat nuéc cia dat nén, nghia 1a coc cét s& chiém thé
tich I8 rdng cua dat nén va 1am cho nudc & trong nén thoét nhanh ra ngoai, két qua 1a nén dat yéu duoc nén
chit, cac tinh chat co 1y ctia dat nén s& thay doi theo xu thé tét 1én cho cong tac xay dung. Cong nghé coc
cat bién-xi mang, vé ban chat, mot phan nao d6 tuong tu cong nghé coc cat vi ciing ¢ tic dung nén chat
va thoat nudc ¢d két (do hdn hop cat bién-xi mang khé hut nuée trong nén dé tao ra vira xi mang) nhu coc
cat. Nhu vay, sau khi gia cb nén dét yéu bang coc cét hoidc coc cat bién-xi ming, dat nén cd thé xem 1a mot
nén dat méi, c6 thanh phan, trang théi, tinh chit co Iy méi. Vi vay, viéc tinh toan sirc chiu tai va do 10n cua
nén dugc xem nhu ddi v6i nén thién nhién. RS rang 1, truéc khi gia cd, nén dat yéu cd thanh phan, trang
thai, tinh chit co 1y khong dép tmg duoc yéu cau xay dung. Sau khi gia cd, céc tinh chét co 1y cua nén dat
da thay dbi dang ké nhu do 4m, hé sb rong giam; khéi luong thé tich, luc dinh, géc ma sat trong tang nho
qua trinh nén chit co hoc, qué trinh cb két thoat nuéc va tac dung caa cac phan tng hda ly trong qué trinh
gia c6. Tuy nhién, can luu y rang, néu ham lugng xi ming trong hdn hop vat liéu coc 1on, coc cat bién-xi
mang s¢ lam thay d6i ban chat cia dat nén do cuong do cua coc cao hon nhiéu so voi cuong do dat nén. Vi
Vay, can xac dinh ham luong xi mang hop 1y dé sau khi gia ¢d, coc cat bién-xi mang c6 cuong do nho va
c6 thé coi nén gia cb bang coc cét bién-xi mang nhur mot nén twong d6i dong nhat, gidng nhur coc cat. Theo
két qua nghién cau thuc nghiém, véi ham lugng xi mang 0,3 - 0,5 % (so voi khéi lugng cat bién kho) ¢ 28
ngay tudi thi cuong do khang nén mot truc cua coc cat blen -xi mang Rn = 0,35 - 0,65 MPa, khong lam
thay déi qua nhiéu ban chét cia nén coc. Khi do, sirc chiu tai va do 1Gn cua nén sau gia cb c6 thé tinh toan
nhu ddi véi nén thién nhién, theo ly thuyét méi trudng bién dang tuyén tinh.

3.1.2. Tinh toan theo cong nghé coc dat-xi mdang (gia c6 nén)

Cong nghé coc dét-xi ming gia cb nén dat yéu la dung may khoan va cac thiét bi chuyén dung (can
khoan, miii khoan...) khoan vao nén dat véi duong kinh va chieu sau 10 khoan da xac dinh. Trong qua trinh
khoan, dat trong 16 khoan bi pha v& két cau, dugc cac canh miii khoan nghién toi, tron déu voi xi mang
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(dugc phun vao lién tuc). Hn hop dat-xi ming sau khi dong cimg tao thanh coc dat-xi mang, thuong cd
cuong d6 khang nén cao, phu thudc vao ham lugng xi méng trn vao coc va ban chét cua dit nén. Néu ham
lugng xi mang trong hdn hop coc cao thi coc cat bién-xi mang, vé ban chét gidng coc dat-xi mang. Theo
két qua nghién ctu thyc nghiém, véi ham lugng xi mang 1an luot 1a 10, 13, 15 % (so véi khdi lugng cét
bién kho) & 28 ngay tudi thi cuong do khang nén mot truc cua coc cat bién-xi mang Rn 1an luot 12 1,3, 1,78
va 2,45 Mpa. Do d6, khi ham lugng xi mang trong hdn hop coc cat bién-xi mang 1én hon 10 % (5o véi khéi
luong cat bién kho) thi strc chiu tai va do lun cia nén c6 thé tinh toan theo cong nghé coc dat-xi mang (gia
cO nén).

3.2. Dé xuit phwong phdp tinh @ 10n va sirc chju tdi ciia nén ddt yéu gia cé bang cec cat bién-xi mding
theo cbng nghé coc cat

Nhu da phan tich ¢ trén, trong truong hop ham luong xi mang trong hdn hop cat bién-xi mang nho (3 -
5 %, twong ing Véi cuong do khang nén cia coc 1a 0,3 - 0,5 Mpa) thi coc cét bién-xi mang khong 1am thay
d6i nhiéu ban chét cua nén dt, nén coc cd thé dwoc xem 1a nén dat méi, c6 thanh phan, trang thai, tinh chat
méi nén viéc tinh d6 10n va stc chiu tai cia nén hoan toan c6 thé nhu dbi voi nén thién nhién. Vi vay, cé
thé str dung cac phwong phap tinh lan va stc chiu tai cia nén theo Iy thuyét moi trudng bién dang tuyén
tinh.

3.2.1. Tinh toan dé 1Gn

Trong s6 cac phuong phap tinh d6 1an theo ly thuyét méi truang bién dang tuyén tinh, kién nghi st dung
phuong phap “16p twong duong” va phuong phap cong lan tirng 16p, 1a 2 phuong phap c6 d6 chinh xac va
do tin cay cao hon.

*Theo phwong phap “lop twong dwong”:
Do 1Un cuia nén tinh theo phuong phép “16p twong dwong” 1a:
S = aom P hs (2)

trong do: aom: hé s6 nén 1un rit d6i trung binh cua cac 16p dat nén;

P: ap lyc gay lGn cua cong trinh;

hs: chiéu day 16p tuong duong (16p co chiéu day ma do lin cia méng c6 chidu dai vo tan, lam
viéc trong didu kién khong no hong (So) bang do lin ciia méng ¢ kich thude hiru han, 1am viée trong diéu kién c6
nd hong (S) trén nén dét c6 chidu day vo tan (Hinh 1).

P kG/cm?

gfiHHHHHizz

Hinh 1. Chiéu day I6p twong dwong hs

*Theo phwong phap cong lun tung lop:
Ban chat ciia phuong phép 14 chia nén d4t dudi day mong thanh nhiéu 16p phén 6 roi tinh lin cho timg 16p phan
t6 khong xét dén anh huong né hong cia dat. Do lan cudi ciing bang tong do lun ciia timg 16p phan t6 (Hinh 2).
D6 lun ciia nén duge tinh theo cong thire:

. 14
s=> oh ©)
i=1 Eoi
trong do, n: s6 16p dat phan t6 duoc chia trong viing anh hudng cia cong trinh;

oi: ing suat phy thém trung binh ciia cac 16p phan t6 thi I;

hi: chiéu day 16p phan t6 thu I;

B :hésd khong thtr nguyén, phu thudc vao hé s6 no hong cua dit;

Eoi: médun téng bién dang cua 16p thi i, x4c dinh trong phong thi nghiém hodc bang thi
nghiém nén tinh & hién trudng.
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Hinh 2. So do tinh lin theo phwong phdp céng lin tirmg I6p.
3.2.2. Tinh sic chju tdi cia nén

Theo ly thuyét méi truong bién dang tuyén tinh, kién nghi tinh sirc chiu tai cia nén sau gia c6 theo cac
phuong phéap: Puzurevxki, Maxlov, laropolxKki.
*Theo Puzurevxki:

T
cotgo+o+—
zic cot
Po=1vh 2 + 99 4)
T T
Cotgqo+(o—5 Cotggo+go—5

*Theo Maxlop:
c
ny| btge + h+ J
_ [ n

P = 202 ©)
Cotg(p+q0—5
*Theo laropolxki:
r_9
4 2
my| bcotg—=+h+—
2 N9
Pgh = pn +vh (6)
cotgp+¢p——

2
trong d6:  ¢: goc ma sét trong cua dit;
c: luc dinh cua dét;
v: khéi lwong thé tich cua dat;
h: chiéu sau chon moéng;
b: chiéu rong ciia mong.
Thdo lugn:

Nén dit yéu sau khi gia cb bang coc cat bién-xi mang tro thanh mot nén dat méi, cé thanh phan, trang
thai, tinh chat co 1y méi. Tuy nhién, can xem xét phan biét hai truong hop: thi cdng cham va thi cong nhanh.
- Truong hop thi cong cham:

Trudng hop thi cong cham 1a trudng hop sau khi gia ¢b phai dgi mot thoi gian nhét dinh méi bat dau
khoi cong xay dung cong trinh. Trong truong hop ndy, cac qua trinh nén chit co hoc, ¢d két va phan tng
hoa 1y giira xi mang va moi truong da két thic, cac bién dang doc va ngang do lugng cat bién-xi mang dua
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vao nén gay ra dat tri s6 6n dinh, nén dugc nén chit hoan toan, trd thanh nén méi giéng nhu nén tu nhién.
Do d6, viéc tinh d6 lun va strc chiu tai cta nén theo cac phuwong phép 4p dung cho nén ty nhién 1a phi hop.
- Truong hop thi cong nhanh:

Trudng hop thi cong nhanh 1a truong hop sau khi qua trinh gia c¢6 nén két thic thi tién hanh xay dung
cong trinh ngay. Liic ndy, cac qua trinh: nén chit co hoc, ¢b két thoat nudc ctia dat nén va cac phan ng
hoa Iy cua xi mang voi moi truong dat yéu déu chua két thic, cac dic trung bién dang va stc khang cat ciia
dat nén chua dat t6i tri s 6n dinh. Vi vay, lva chon tri s6 ap luc gy lun (trong d6 co luong cét bién-Xi
mang dua vao nen) cac chi tiéu goc ma sat trong (), luc dinh két (c), kh01 luong thé tichy cua dat dé dua
vao tinh toan can xem xét can trong, phu hop vai dicu kién lam viée thuc té ciia dat nén

3.3. Dé xuit phwong phdp tinh dj 1Un va sirc chju tdi ciia nén dit yéu gia cé bang coc cat bién-xi mang
theo cdng nghé coc dat-xi mding

Khi ham lugng xi-ming trong hon hop vat liéu lon (> 10 % so voi khéi luong cat bién kho, twong tng
Vv6i cuong @6 khang nén cua coc > 1,3 MPa), vé ban chat, coc cat blen -Xi mang giéng coc dat-xi mang. Vi
vdy, trong trudng hop nay kién nghi tinh d6 1tn va strc chiu tai cia nén theo cong nghé coc dt-xi mang ma
pho bién 1a phuong phap Bengt Brome, Bergado D.T va nnk (1994), dugc trinh bay dudi day:

3.3.1. Tinh sirc chiu tai cua coc:

*Véi coc don:
Strc chiu tai ciia coc don tinh theo cong thire:
Q=Qs+Qp (7
Voi: Qs: stre chiu tai do ma sat xung quanh coc;
Qp: strc chiu tai do sirc khang dau miii coc.
trong d6: Qs= o CyA,
Cu: strc khang khong thoat nude ciia dat nén, xac dinh bang thi nghiém cit canh  hodc xuyén
tinh, Cy = q¢/15 + ¢/20 véi qc 14 strc khang xuyén dau mili.
a. - hé s6 phu thudc vao sirc khang cit khong thoat nude ciia dat xung quanh coc, v6i Cy > 0,5
KG/cm? thi . = 0,8-1,0, C, < 0,5 KG/ cm? thi a. = 0,7
Ap — dién tich mat bén coc.
Qp=CuNc An
Nc: hé s0 strc chiu tai dau miii coc, phu thudc vao khoang céch giira cac coc. Khi khoang cach gitra
céc coc trong khoang 4-5 lan dudng kinh coc d thi voi d < 30cm; Ne= 9; 30cm < d < 60cm Ne= 7 va
d>60cm N.= 6
An - dién tich dau miii coc.
* Véi nhom coc gia co:
Coi dién tich g6m nhom coc va dat duoc gia ¢6 nhu mot khdi, kha nang chiu tai cia khéi phu thudc
vao ma sat khdi gia c¢b véi dat xung quanh va stc chiu tai ciia mat dudi khdi gia cb:
Qwnéi = Q sknéi + Qp knéi (8)
voi: Qs knéi = Cu Apknéi =2(B+L) H Cy
Qp knéi =Cu N Am knéi= (6-9) CuB L
trong do: B, L, H 1a chiéu rong, chiéu dai va chiéu cao khéi gia cd.
Strc chiu tai gidi han cia coc don khi dét phé hoai c6 thé tinh theo biéu thuc:

= (ndH +2,257d%)C, ©)

trong do6: d - duong kinh coc
H- chiéu dai coc.

3.3.2. Tinh d@é lin ciia nén

Do Iun chaa nén dat duoc xac dinh b.';“lng téng d6 1an cua khéi dat gia cdva d6 1an cua nén dudi khoi gia
cO.
* PG lun ciia khéi dat gia ¢6 xdc dinh theo biéu thirc:
o oH
S=— H = (10)
M a.M_ +@Q-a, )M,
trong do: o: ing suét trung binh dudi day mong;
H: chi€u sau gia c6;
ac: ty dién tich thay thé
M¢ - médun nén cua coc, 1ay bang (50-100) Ceoc vOi C coc - lurc dinh ctia vét liéu coc.
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Mg - mddun nén cia dt xung quanh coc, thuong lay bang 150 Cy véi Cy - strc khang cit ciia dat
xung quanh coc, xac dinh bang thi nghiém cat canh hodc xuyén tinh.
* Pé lin ciia nén dudi khoi gia co:

Buoc xéc dinh theo cac phuong phap thong thudng nhung co ke dén hé sb giam thiéu do lan 1a ty sb
giita d6 lun cua khbi dat da gia c¢b va do lun cua dat khi chua gia cd.
Thdo ludn:

* Vé tinh sirc chiu tdi ciia nén sau gia co:

Phuong phap cua gido su Bengt Brome va mot sO tac gia khac da tinh sirc chiu tai ctia coc don gia cb
nhu d6i v0i coc cimg, nghia la dya vao strc khang ma sat xung quanh coc va strc khang dau miii coc. Chiing
t6i cho rang, khi trong cau trac nén dat yéu, dudi miii coc gia cd co lép dat tot thi cach tinh nhu vay 1a phu
hop. Tuy nhién, trong thue té xdy dung, thuong gép truong hop cau tric nén gdm nhiéu 16p dat yéu, c6
chiéu day 16n khong thé gia ¢6 hét, do d6 dudi mili coc van la lop dat yéu. Trong truong hop nay thi cach
tinh toan nhu trén la khong hoan toan hop 1y, bai vi, da coi coc gia ¢b 14 coc cimg thi toan b tai trong cong
trinh s€ do coc tlep nhan va nén dit xung quanh coc hoan toan khong tham gia vao stre chiu tai chung. Nhu
viy, coc gia c¢b s& d& dang bi pha hity bdi cac coc tua vao 16p dat yéu dudi miii coc khong c6 kha ning
mang tai. Trong tinh toan stc chiu tai cia nhom coc gia c¢b ciing chi tinh dén strc khang cat khong thoat
nude cia dat nén & chu vi mat dudi khéi gia cé ma khong ké dén ban than khdi dét gia ¢ gitra cac coc (Ta
Puc Thinh, 2017).

* Vé tinh dg lin ciia nén sau gia cé:

‘Trong cong thirc tinh lin cua kh01 dat da gia c¢b, mau sb c6 thé coi la gia tri trunh binh cua médun tong
bién dang cua coc gia ¢d va dét nén xung quanh coc. Véan dé 1a, quan niém nén dat sau gia ¢d nhu thé nao
dé c6 thé ap dung cac phuong phap tinh lan thich hop. Néu quan niém nén dét sau gia ¢b 1a mot mong khoi
quy u6c nhu méng coc thi viée tinh lan chi tinh phﬁn dat bén dudi miii coc va nhu vy, do lun thuong s&
rat 16n (nhat 1a khi dudi miii coc phéan bd cac 16p dat yéu). Néu quan niém d6 co ngan doc truc ctia coc nhur
dbi voi nén dét xung quanh coc thi chua thoa dang, bai vi, coc cat bién-xi mang c6 do ctng kha 16, tinh
toan khéi cao, dudi tac dung cua tai trong cong trinh, sy co ngan doc truc khong dang ké so v&i dat nén
xung quanh, coc s& 1Gn toan bo. Vi vay, néu khi duéi miii coc phan bé cac 16p dat yéu thi nén tinh d6 lin
nhu d6i v6i nén ty nhién. Trong truong hop ham luong xi mang trong hon hop vat liéu coc chlem ty trong
16n va duéi miii coc phan bé cac l6p dat ot thi tinh toan do lun va stc chiu tai ciia nén gia c¢b bang coc cat
bién-xi ming theo cong nghé coc dat-xi ming (Ta Puc Thinh, 2017).

4. Két luan

Tir céc két qua nghién ctru néu trén co the dua ra mot s6 két luan sau day:

- Cong nghé coc cat bién-xi ming gia cd nén dat yeu 1a cong nghé mai phat trién trén co s¢ cong nghé
coc cat va cong nghé coc dat-xi mang. Vi vay, cd thé tinh strc chiu tai va do lun cta nén gia c6 theo cac
phuong phap cai tao nén bang coc cat va gia cd nén bang coc dat-xi mang.

- Khi ham lwong xi ming trong hdn hop vat lidu cat bién-xi mang nhé (3- 5 %, tuong mg vdi cudong do
khang nén cua coc nho hon 0,3 — 0,65 MPa) co thé tinh ton strc chiu tai va d6 lun cua nén sau gia cb theo
c4c phuong phép 1y thuyét nén bién dang tuyén tinh. Cac phuong phap tinh d6 Iin c6 thé st dung la phwong
phap “16p twong dwong” va phuong phap cong lan ting 16p. Cac phuong phap tinh strc chiu tai c6 thé sir
dung 12 phuong phéap Puzurevxki, phwong phap Maxlov, phuong phép Iaropolxki. Tuy nhién, cin phéan biét
truong hop thi cong cham va truong hop thi cong nhanh.

- Khi ham lugng xi mang trong hon hop vat lidu cat bién-xi mang 16n (> 10 %, tuong g vo6i cuong do
khang nén cuia coc > 1, 3 MPa) c6 thé tinh toan sirc chiu tai va do lun cua nén sau gia ¢0 theo cac phuong
phap nhu déi véi coc dat -xi ming. Trong truong hop dudi miii coc gia ¢b phan bd dat tot thi strc chiu tai
clia nén c6 thé tinh theo phuong phap ctia Bengt Brome (Thuy Pién) va Bergado D.T va nnk (AIT). Do
lan ctia nén dugc tinh bang tong do lan cta khoi gia cd va do lun ciia nén dét dudi khdi gia cb, theo do, do
lan cta khéi gia c6 duge tinh theo phuong phap cung blen dang, d6 lan ciia nén dat dudi khdi gia ¢ tinh
theo céc phuorng phap thong thuong nhung c6 ké dén hé s6 giam thiéu do lun 1a ty sb gitta do lan cta khéi
dét da gia b va do lun cua dit chua gia c.
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ABSTRACT

Calculation methods for settlement and load capacity of ground
soft soil improved with sea sand-cement coulmn

Ta Duc Thinh**, Nguyen Thi Diu?
'Hanoi University of Mining and Geology
2University of Transportation and Communication

The improvement of soft soil using sea sand-cement technology is developed on the basis of sand column
and soil-cement column. Along with the research to clarify the scientific basis to improve the load capacity
and reduce the settlement, the calculation of settlement and load capacity of the foundation ensuring
reliability is also very important. The paper presents the research results, proposes a method to calculate
the settlement and load capacity of soft soil reinforced with sea sand-cement column. Accordingly, the
calculation depends on the cement content in the mixture and the soft ground structure. If the cement content
in the mixture is small and soil layer below the compression zone of the building (column tip) is soft soil,
it is recommended to use the calculation method based on the linear deformation foundation theory (as in
the case of ground improvement with sand column). The settlement methods that can be used are the
"equivalence layer" method and the method based on the total of settlement of each layer; the methods to
calculate the load capacity that can be used are the Puzurevxki method, the Maxlov method, and the
laropolxki method. If the cement content in the pile forming material mixture is high and under the
compression zone of the building is hard soil layer, the load capacity of the foundation can be calculated
according to the methods of Bengt Brome (Sweden) and Bergado DT (AIT). The settlement of the ground
is calculated by the total settlement of the reinforced soil zone and the settlement of the ground under the
reinforced soil zone. The settlement of the improvement zone is calculated based on the deformation
method, the settlement of the ground below the reinforcement zone is calculated using the usual methods,
but including the settlement reduction factor which is the ratio of the settlement of the reinforced soil mass
to the settlement of the unreinforced soi (below the improved zone).

Keywords: Soft soil improvement; sea sand-cement column; calculation method for settlement and load
capacity.
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