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PANH GIA TAC PONG RUNG CHAN DO NO MIN PEN HIEN TUQNG
SUT PAT KHU VUC XA PHONG XUAN, HUYEN PHONG DIEN,
TINH THUA THIEN HUE

Tran Hiru Tuyén*, Nguyén Thi Thily, Hoang Ngé Tw Do, Hoang Hoa Tham
Trieong Dai hoc Khoa hoc - Pai hoc Hué
*Tac gia chiu trach nhiém: thtuyen@hueuni.edu.vn

Tém tit

Sut dat ¢ khu vuc xa Phong Xuan, huy¢n Phong Pién, tinh Thira Thién Hué thudc dang sut
karst xuit hién tir ndm 2014 gén nhu déng thoi voi hoat dong khai thac da. Vi vay, co nhiéu v
kién cho rang rung chan do nd min khai thac da 1a nguyén nhan chinh dan dén hién tuong sut dat
& khu vuc ndy. Trong bai bao ndy, voi ngudn dir liéu thu thap duoc tir cac ho chiéu nd min, tai
lidu cta cac dot giam sat, bio cao dé cap dén viéc tinh toan, mo phong rung chin trén phin mém
SHOTPlus™. Két qua tinh toan di cho thiy tic dong rd nhat ciia nd min dén sut dét chi tir nim
2013 khi bat dau khai thac v61 phuong phap vi sai dién. Tir nam 2015 dén nay véi phuong phap
vi sai phi dién, hoat dong nd min khai thac da tac dong khong 16n dén hién twong sut dat khu vuc
nghién cuu.

Tir khéa: n6 min khai thdc da; rung chan; sut dat karst; Phong Xuan.

1. Pit van dé

Khu vuc x Phong Xuan, huyén Phong Dién, tinh Thira Thién Hué ¢ dang thung liing dang
dia hao dugc ciu tao tir cac thanh tao carbonat (da voi1) dugc pht mot 16p mong 1€n béi cac thanh
tao D¢ tir. Theo két qua diéu tra ngudi dan dia phuong, trong qua khtr hién tuong sut dat ¢ khu
vuc nay chua dugc ghi nhan.

Tu thang 06/2014, hién tuong sut lin mat dét v6i su hinh thanh hang loat céac hd sut karst da
xay ra trén dién tich dat nong nghiép. Tai thon Xuan Dién Loc, 57 ho dan co dat san xuat nong
nghi€p bi anh huong, voi dién tich 11,8 ha. Hién tugng sut dat khong ngimg mo rong nhung
cudng do nho hon. Cudi nam 2018, cac hd syt da bat dau xuat hién trong cac khu dan cu chu yéu
& thon Xuén Loc. Tir ndm 2021 dén nay, hién _tuong sut dat it xay ra hon. V6i céu trac dia chat
1a thung ling dia hao véi phan trung tam 1a trarn tich da voi cua hé tang Phong Son D;-C ps, dé
thdy rang hién tuong sut dat tai day do sup, v& trin hang dong karst.

Mat khac, hién tugng sut dat tai day bt dau xuét hién tir khi c6 hoat dong khai thac da voi
phuc vu san Xudt xi mang cua Cong ty co phan xi mang Pong Lam. Khong phai ngau nhién ma
rat nhidu y kién cho rang, rung chan do n6 min khai thac da la nguyén nhan chinh dan dén hién
tugng sut dat khu vuc nay. Dé ¢6 co so khoa hoc trong dé xuat cac giai phap phong tranh, trén co
s& cua tai liéu thu thap ho chiéu cac vu nd min, tai liéu quan trac, giam sat rung chin, bao cdo dé
cap dén viéc danh gia tic dong gitra hoat dong nd min khai thac da theo thoi gian va hién tuong
sut dat tai khu vuc nay.

2. Phuwong phap nghién ciru

Tac dong cua rung chén déi dbi v6i hién tuong sut dat chi yéu gay nut v, din dén sut vo
cac tran hang karst gy sut lun tang phu bén trén dan dén sut dat. Hién tugng nay chi xay ra khi
hoi du cac yéu t6 bao gdm co hang héc karst va khoang trong trong hang, tran hang mong bi nut
né, bé day tang phu bé va van tdc rung chan du 16n. Cac yéu t6 nay gan nhu khong thé danh gia
dinh luong trong diéu kién kinh phi han ché.

Do vy, chung t6i cho rang tac dong cua rung chan do nd min dén sut karst ciing tuong tu
nhu tac dong rung chin 1én cac cong trinh xay dung, chil yéu 1a gdy niit né dan dén sup tran hang
dong karst, kéo theo sup d6 ting phu va hinh thanh nén hé sut. Vi thé, dé co co s& danh gia,
chung t6i xem céc hang karst twong tu nhu cong trinh ngam.
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Tiéu chuan tong quat nhat danh gia tac dung dao dong khi nd min 1a téc d6 dao dong riéng
clia cac cong trinh khong vuot qua tri sé xac dinh cho phép Vep. Khi nd min can dam bao an
toan vé chan dong cho cong trinh gan vi tri nd, nghia 1a dam bao diéu kién Vo < Vep (Nhir Vin
Béch, 2012; Duong Vian Chinh, 2006). Puoc quy dinh trong céc tidu chuan, nhung gia tri Vep nay
cling khac nhau trong céc tiéu chuan ctia nhiéu nude. Tai Australia, van toc dao dong 16n nhat cho
phép (dugc quy dinh boi TC AS2187); tai Viét Nam hién nay st dung QCVN 01:2019/BCT. Co thé
nhan thdy, gia tri Vcp trong QCVN 01:2019/BCT la 25,4 mny/s, chung cho cac dang cong trinh,
twong duong voi quy chuan ciia nhiéu nude. D6i voi cong trinh ngam, gia tri nay thap hon rét nhiéu
so quy chuan cua Puc, Trung Quoc 25,4 mny/s (VN), 120 - 150 mnvs (Trung Qudc) va 40 - 80
mm/s (Dtc) va 16n hon nhiéu lan dbi véi cac cong trinh lich su, thép tang trong quy chuan cua
Autralia (2-10 mnv/s) (Nhit Van Béach, 2012; Tran Tudn Minh, 2018; Duong Vin Chinh, 2006).

Trong nghién ctru nay, ching t6i sir dung QCVN 01-2019/BCT voi Vep = 25,4 mm/s dé
danh gia tac dong cua n6 min den hién tuong sut dat khu vyc nghién ctru. Viée tinh todn, mo
phong rung chan do hoat dong n6 min bang phan mém SHOTPlus™, duoc hiéu chinh, so sanh
v6i két qua cua cac dot giam sat rung chan. S6 liéu duoc sir dung 13 cac hd chiéu nd min véi khoi
lvong vu nd theo Gidy phép nd min cia UBND tinh Thira Thién Hué (Céng ty CP Xi ming
Dbong Lam, 2020).

Phan mém SHOTPlus™ 1a cong cy md hinh héa va thiét ké nd min cho phép ngudi diung
bién tap, truc quan hoa va phan tich trinh tu vu nd trén cac ting dung khai thac mo (Singh va nnk,
1988 ). béc biét, modul BlastIQ™ tich hop SHOTPlus™ giap kiém soat rung chan va tdi uu hoa
nang suit nd min trong mdi truong han ché (khu dan cu,) bang cach cung cAp cac cong cu dé
thiét ké, 1ap mo hinh, thuc hién va do luong cac vu nd theo gi6i han rung chan.

3. Két qua nghién ctru va thao luan
3.1. Hi¢n trang vi dién bién hi¢n twong sut dit

Sy hinh thanh céac hé sut trén vung dat duoc ciu tao tir thanh tao carbonat (da voi) 1a hién
tugng hoan toan tw nhién. Tuy nhién, tir trudc dén nay trén dia ban khu vuc xa Phong Xuan ciing
nhu phu cén chua phat hién dugc cac hé sut. Piéu nay co thé 1a do nhiéu nguyén nhan: hé sut
karst ¢ kich thudc nhd, it tic dong dén ngudi dan nén khong dugc ghi nhan. Van liéu sém nhét
dé cap dén hién tuong sut karst trong khu vuc chinh 1a bdo cdo tham do mo dé voi khi tién hanh
hat nude thi nghiém nam 2008.

Hién tuong sut dat bat dau tir thang 06/2014 cung véi hoat dong khai thdc mé da voi cua
Cong ty c¢b phan (CTCP) Xi mang Pong Lam. Trong khoang 6 thang cudi nim 2014, da c6 27 hd
sut truot karst thuc thu da xay ra trén canh dé)ng Pién Loc, phia Nam d¢€ bao s6 01. Tinh dén nam
2015 di c¢6 35 hé sut truot xay ra. Trong thoi gian nay, chii yéu 14 loai hinh sut truot.

Tir nam 2016 dén gitta nam 2018 14 giai doan binh 6n tam thoi ¢ khu vue. Cac hé sut truot
chi xut hién rai rac trén canh déng bién Loc, Xuan Loc. Tir cudi nam 2018, cuong do xuét hién
cac hé sut gia ting trd lai. Khu vuc sut 1an dugc mo rong dén tan thon Hién An, cach dé bao sb 1
dén 2,3 km. Cudi ndm 2018 ddu nam 2020, hd sut bt dau xuét hién trén canh déng va khu dan
cu Xuan Loc véi loai hinh x6i sut nhung quy mé va cuong do khong 16n nhung da gay tam ly
bat an cho ngudi dan. S6 lugng hd sut trong giai doan nay 1a 16 hd, trong d6 c6 04 hé sut truot.

Cudi nam 2020 dén nay, sau cac tran mua lii dac biét 16n, hién tugng sut dat gia tang vé s
lwong, mé rong vé khu vuc ngoai tuyén dé bao sé 02, sb 03 & phia Tay, phia Bic véi sé luong
1én dén 66 hd sut, phan 16n thudc loai hinh x6i sut.

Pén thoi diém 04/2021 da ghi nhan c6 107 hd sut dd xay ra, trong d6 loai hinh sut truot c6
44 hd, chiém 41,1%; x6i sut c6 59 hd chiém 55,1% va lan sut c6 04 hd chiém 3,7%.
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Hinh 1. So dé phan bé ho sut theo thoi gian. Hinh 2. So dé cdc loai hinh sut dat khu vue.

Nhu vy, hién tuong sut dat khu vuc Phong Xuan xay ra manh nhat trong thg‘ji gian 2014-
2015 va hoat dong trd lai vao nam 2019, nhung quy md va cudong do nhdé hon nhiu so véi thoi
gian trudc va gia tang dot ngdt sau cac tran mua 1t nam 2020.

3.2. Rung chin do né min khai thic di khu virc nghién cifu

Hoat dong nd min khai thac da voi & CTCP Xi méng ang Lam duoc tién hanh tir cudi nam
2013 (Cong ty CP Xi mang Dong Lam, 2020). Thoi gian dau, theo Glay phép so 06/GP-UBND
ngay 07/3/2013 cia UBND tinh Thira Thién Hué, khéi luong thude nd khi nd min vi sai dién
nhiéu cap 1a 1.454 kg. Theo Gidy phép s6 27/GP-UBND ngay 18/9/2013 ctia UBND tinh Thira
Thién Hué, khbi luong thuéc n6 khi nd min vi sai dién 1a 596 kg, vi sai phi dién 2.908 kg. Pén
nam 2015, bang Glay phép s6 12/GP-UBND ngay 12/3/2015, chi cho phep nd min vi sai phi dién
v6i khdi lwong vu nd 16n nhat 1a 3.000 kg. Trong qua trinh n6 min, nha thiu Tan Viét Bic da co
nhing giai phap nham giam thiéu tac dong cua nd min khai thac nhu giam khdi lwong vu nd,
thiét ké lai bai n6 va ap dung phuong phap nd min vi sai phi dién.

Theo cac hd chiéu ndé min mé da xi mang Pong Lam, khéi lugng thude nd trong cac vu no
dao dong tir 1.200 kg dén 3.000 kg (Cong ty CP Xi mang Dong Lam, 2020). Thong s6 cac béi nd
min: Chiéu cao tang khai thac H = 10 m; duong kinh hé khoan D = 105 mm; chiéu sau hd khoan
L = 11,5 m; chiéu sau khoan thém Lth = 1,5; duong can chan tﬁng W = 3,0m; khoang cach céc
hang khoan b = 3,5 m; khoang cach cac hd khoan a = 3,0 m; chi tiéu thude nd q=04 kg/m3 ;
luong thude nd trong cac hd khoan Qlk = 41- 43 kg; lugng thudc nd trong bii nd6 Q = 1.386 -
3.000 kg; chiéu day nap thudc hd khoan Ltn = 7,7 m; chiéu day lap bua Llb = 3.8 m. Loai thuoc
né sir dung: Nhii twong va Anfo. Phuong tién sir dung kip n6 phi dién xudng 18: 400 ms; kip nd
phi dién trén mit 1a 17 - 25 - 42 ms. Phuong phép nd min 14 vi sai phi dién qua 16 khoan.

- Rung chan do no min theo két qua giam sat rung chan

Trong qua trinh no min, cac co quan chirc nang da tién hanh nhleu dot do giam sat rung chan
bang cach do truc tiép chan dong va tan s6 4m thanh do cac dot nd cac hd chiéu nd min gdy ra
bang thiét bj Blatsmate III hodc tuong dwong (Cong ty CP Xi ming Pong Lam, 2020). Két qua
giam sat nd min cua cac don vi chitc ning déu cho gia tri rung chdn nhoé hon mirc d6 cho phép
theo QCVN 02:2028/BCT (Muc 5 - Quy dinh vé giam sat nd min).
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Bdng 1. Két qua do vin téc dao dong I6n nhdt trong cdc dot gidm sdt né min (Lugc trich)
(Cong ty CP Xi mang Pong Lam, 2020).

STT 6 th)i lugng Khoang cach | Két qua do
ho chieu Thuoc no (kg) (m) (mm/s)

1 735/02/2017 1.386 374 2,16
2 736/02/2017 1.818 491 0,88
3 737/02/2017 2.550 376 2,16
4 738/02/2017 2.872 300 3,56
5 1562/3/2020 2.000 200 7,56
6 1562/3/2020 2.000 300 3,76
7 1561/3/2020 2.000 150 15,48
8 1561/3/2020 2.000 200 6,17
9 1561/3/2020 2.000 400 3,9

10 1563/3/2020 1.476 250 5,67
11 1563/3/2020 1.476 300 5,39
12 1564/3/2020 1.428 200 12,2
13 1564/3/2020 1.428 250 4,13

Theo QCVN 02:2008 BCT (dugc thay thé QCVN 01:2019/BCT), vén téc dao dong 16n nhét
cho phép khi nd min 13 25,4 mm/s (img voi khoang cach tir bdi nd 13 tir 91,4 m dén 1524 m).
Thoi gian ton tai song chan dong dai nhat khoang 3,0 s. So sanh véi van téc dao dong 16n nhat &
bang trén cho thay rung chan do hoat dong n6 min khai thac da nhé hon nhiéu so véi gia tri cho
phép.

- Rung chdn do né min theo két qud tinh todn trén phan mém SHOTPlus™

Tuy nhién, khong phai bat clr vu n6 nao cung dugc giam sat rung chan véi cac phuong phap
n6 min voi kh01 luong thudc nd khac nhau. DBé bo sung, chung toi tién hanh tinh toan rung chén
trén phan mém SHOTPlus™ dua trén ho chiéu cac vu nd dién hinh theo Gidy phép cia UBND
tinh Thira Thién Hué.

Pé ¢6 nhitng danh gia chinh xac vé tac dong cua rung chan dén hién tuong sut dat, da thu
thap tai liu, tinh todn mo phdéng cac vu nd khai thac M6 da voi Pong Lam véi cac hd chiéu nd
min dai dién & khu vuc nghién ctru (hinh 5).
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Hinh 6. Mat bcfng né min trén SHOTPlus™ cho vu né cu thé & khu vuc nghién ciuru.
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Két qua tinh todn nhu sau:

- Vu nd c6 khdi luong 1454 kg véi phuong phap nd min vi sal dién qua hang dugc su dung
tr nam 2013 theo Gidy phép s6 06/GP-UBND ngay 07/3/2013. K&t qua tinh toan vén toc rung
chan 16n nhat khi n6 gan bo moong khai thac the hi¢n & hinh 7.
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Hinh 7. So do6 rung chdn khi né min bang phirong phdp vi sai dién véi khéi lwong 1.454 kg.

Nhu vy, van toc dao dong khi nd6 min Vo & khoang cach 100 m so v&i bd moong khai thac 1a
53,7 mm/s; 300 m Vo = 18,7 mm/s va 500 m Vo = 9,66 m/s. So sanh v&i QCVN 01:2019/BCT, tai
khoang cach 91,4 m van tdc dao dong khi nd min Vo = 58,9 mm/s, 1én hon Vep 1a 31,75 mm/s;
tai 1.254 m thi Vo rat nho. Tai khoang cach 300 m - Ving gii han an toan nd min khi khai thac
d4, van tdc 16n nhét 18,7 mm/s nhd hon so véi Vep = 25,4 mm/s. Néu léy gia tri Vep = 254
mm/s 13 van toc giéi han an toan khi nd min d6i véi sut dat, khoang cach khu virc c6 nguy co sut
dat so voi bo moong 14 235 m. C6 thé thay rang rung chan do nd min co thé giy sut dit & khoang
cach 235 m tr bo moong khai thac.

- Vu nd c6 khbi lugng 3.000 kg véi phuong phap nd min vi sai phi dién dugc su dung tur
nam 2015 dén nay voi gidy phép so6 12/GP-UBND ngay 12/3/2015. Két qua tinh toan van toc
rung chan 16n nhat khi né min khi vu nd gn bo moong khai thac thé hién ¢ hinh 8.

Khodng cich 100m

A 3000 Ka |

i

V=150 mm/'s

Khoang chdch 300m

I' V=983 mm/s

Khoang cach 500 m

Vi sao phi dign

Vo542 mum'd

Hinh 8. So dé rung chdn khi né min vi sai phi dién véi khéi lwong vu né 3.000 kg.
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Vé6i vu nd ndy, van tdc dao dong khi nd min Vo ¢ khoang cach 100 m so v6i bd moong khai
thac 1a 25,0 mm/s, tai 300 m Vo = 9,83 mm/s va tai 500 m Vo = 5,42 m/s. So sanh vdi QCVN
01:2019/BCT, tai khoang cach 91,4 m Vo = 26,7 mm/s, nho hon van tdc cho phép Vep: 31,75
mm/s; tai 1.254 m thi Vo nho. Tai khodng cach 300 m, van tdc 16n nhat 9,83 mm/s nho hon
nhiéu so v6i Vep: 25,4 mm/s. Néu lay gid tri Vep = 25,4 mm/s 13 van tdc gidi han an toan khi nd
min dbi véi sut dat, khoang cach so v6i bd moong 1a 63 m. Rung chin do nd min c6 thé tao nén
viing c¢6 nguy co gdy sut dat & khoang cach 63 m so véi bd moong.

Tinh to4n vén toc dao dong khi nd min trong truong hop nay twong dwong véi két qua giam
sat rung chan tir ndm 2017 d&én ndm 2020 dugc thé hién & bang 1, dd chimg minh d6 chinh xac
can thiét ctia viéc mo phong rung chan nd min bang phan mém SHOTPlus™.

4. Két luan

Rung chan do hoat dong nd min ciia M6 d4 voi Pong Lam luén nho hon gia tri rung chan
cho phép cia QCVN:25,4 mm/s ¢ khoang cach 300 m. Trong giai doan 2012 dén 2015, véi
phuong phép nd min vi sai dién v6i khdi lugng vu nd 1.454 kg, van tdc rung chin & khoang cach
300 m c6 gia tri 18,7 mmy/s, 16n gip ddi so v6i nd min vi sai phi dién trong giai doan 2015 dén
nay véi khoi luong 16n nhat 3.000 kg (9,83 mm/s).

Tir nam 2013, cac vu nd c6 khdi lugng 1.454 kg véi phuong phap nd min vi sai dién da tao
nén d6i rung chan gay sut dit trén khu vuc c6 khoang cach 235 m tinh tir bd moong khai thac.
Day ciing chinh 1 thoi diém xay ra nhiéu hé sut 16n xay ra trén canh dong thon Dién Loc, sat
khu vyc nd min.

T nam 2015 dén nay, mic du kh01 lwong vu nd 1én dén 3.000 kg nhung v6i phuong phap
nd min vi sai phi dién, Tung chan do nd min dugc giam thap. Khu vuc rung chin gdy sut dat nam
trong gidi han 63 m ké tir bd moong khai thac nhung khong thy xuét hién cac hd sut 16n trong
thoi gian nay. Piéu d6 chimg to, rung chan khong con 1a nguyén nhan chinh gay nén hién tugng
sut dat ma do cac nguyén nhan khac

Cung v6i thoi gian, hién tugng sut dat do tac dong nd min s& giam han. Do nhirng nam sau
nay, voi cong nghé nd min vi sai phi dién, khoi luong vu nd thap nén tac dong rung chan dén sut
dat da duoc giam thiéu; cac hang karst c6 do bén thap thi phan 16n da bi sut 16. Tuy nhién, can
cha y khi mo rong moong khai thac, khi boc bo 16p phu, thi c6 kha néng gay ra sut dat, dic biét
16n ddi véi cac ving co diéu kién dia chat twong ty nhu thén Pién Loc.

Loi cam on
Bai bdo 1a mot phan két qua cua dé tai “Nghién cuu, xdc dinh nguyén nhdan va dé xuat giai

phdp bén vitng phong tranh nguy co sut dat tai khu viee xid Phong Xudn, huyén Phong Dién” tix

ngan sach tinh Thura Thién Hue.
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Assessment of the impact of blasting vibrations on sinkhole
in Phong Xuan commune, Phong Dien district, Thua Thien Hue province
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Hue University of Sciences
*Corresponding author: thtuyen@hueuni.edu.vn

Abstract

Sinkhole in the area of Phong Xuan commune, Phong Dien district, Thua Thien Hue
province belongs to the form of karst subsidence appearing since 2014 almost simultaneously
with mining activities. Therefore, there are many opinions that: vibration caused by blasting is
the main cause of sinkhole in this area. In this paper, with the data collected from blasting
passports and documents of monitoring sessions, we calculated and simulated the vibration on
SHOTPIlus™ software. Calculation results have shown: the most obvious impact of blasting on
sinkhole was only from 2013 when mining started with the permissble electrical delay method.
From 2015 up to now, with the permissble non-electrical delay method, the mine blasting
activity has not had a great impact on the sinkhole in the study area.

Keywords: blasting, seismic, karst sinkhole, Phong Xuan.
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