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Research on the attenuation of blasting stress wave while propagation in limestone
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TGM TAT

Khi nd trong mai truang da, dudi tac dung dat ngdt cia &p
lyc san phdm nd |en thanh budng min da lam hinh thanh
stng (ng sudt lan truyén trong mai truang da. (ua trinh lan
truyén sang (g suét trong khdi da phu thudc nhiéu yéu td
nhur dic tinh lreng nd, dac tinh dat da va diéu kien nd. Cang
ra xa tam nd cuang d sang Gng sudt giam dan. Mic da suy
giam nay phu thugc vao dic tinh ting loai da, diéu kien dia
chét va céac diéu kien nd. Den nay chra co mat cang trinh
nghién citu toan dién vé qud trinh lan truyén sdng tmg suét
nd trong dé vai. Chinh vi vay bai bao da st dung phuong
phéap gidi tich k&t hop vai viec xay dung ma hinh mé phing
qué trinh lan truyén cia sng img suat trong mai trudang da
viii khi nd lugng nd dai trén phan mém Abaqus. Két qua
nghién ciru bude ddu rat ra dege mirc da suy gidm cia
cuirng da sang (ng suat theo ban kinh tinh tr tam nd theo
qui luat ham mii vai he sd suy gidm ndm trong pham vi
nghién tdng két thyc nghigém cia céc loai da. Con tri sd tdc
dd lan truyén ciia sang tmg sudt trong ving xa tam nd cing
ph hop vai sd ligu thie nghiém trong da vai cia céac cong
trinh da cang bd.

Tir khod: Nd min; sng img suat nd; song nd; nd pha da; ma
phiing nd.

su; Email: ducnt1988@lgdtu.edu.vn

ABSTRACT

When blasting in rock, the explosive product generates pressure that acts
suddenly on the surrounding bore hole, creating a stress wave that
propagates in the rock environment. The propagation of the stress wave in
the rock mass depends on various factors such as explosive quantity
characteristics, rock properties, and blasting conditions. As the distance
from the explosion center increases, the intensity of the stress wave
gradually decreases. The extent of this decrease depends on the properties
of each type of rock, geological conditions, and blasting conditions. Until now,
there has not been a comprehensive study on the blasting stress wave
propagation process in limestone rock. Therefore, this paper employs an
analytical method combined with the simulation model for the propagation
process of stress waves in a limestone rock environment during prolonged
explosive detonation using the Abaqus software. The preliminary research
results reveal the decreasing magnitude of stress wave intensity as a
function of radial distance from the explosion center, following an
exponential decay law with a decay coefficient falling within the range
summarized from experimental studies of various rock types. Furthermore,
the propagation velocity values of the stress wave in the far-field from the
explosion center also align well with experimental data from published
warks on limestone rock

Keyword: Blasting; blasting stress wave; detonation wave; blasting in
rock; explosion simulation.

1.DAT VAN DE

cliu quy luat phan bé nang lugng né xung quanh lugng nd. Dién

Khoan né min pha huy dat 1a mét ky thuat phé bién hién nay
trong thi cdng béc dat da cling nhu khoang san ran. Bé iing dung
hiéu qua ky thuat nay, can phai nghién ciiu gidi quyét hang loat
cac van dé vé khoa hoc, ky thuat va cong nghé, trong do6 viéc
nghién cliu quy luadt pha hdy dat da ti tdm lugng nd ra xung
quanh la mét ndi dung nghién cliu co ban va dugc chia lam hai
huéng:

- Hudng 1 cho rang qua trinh pha hay dat da la do nang lugng
nd. Khi d6 dé xac dinh dugc quy luat pha hdy dat da, can nghién
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hinh hudng nghién clru nay cé véi ly thuyét thily déng luc hoc né
ctia O.E Vlaxov [1] [2]. Viéc nghién clu phat trién (ng dung ly
thuyét ctia O.E Vlaxov dé€ nghién ctiu quy luat pha hay dat da xung
quanh lugng né dai dugc thuc hién trong cac cong trinh nghién
cliu cla Lé Van Trung [3], Pam Trong Théng, Nguyén Tri T4, Vi
Xuan Bang [4]... Han ché cGa hudng nghién ctu nay chua giai
thich dugc qua trinh hinh thanh xuat hién cac vét nit xung quanh
16 min.

- Huéng 2 cho rdng pha hay dat da la do séng ting suat. Khi d6
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dé xac dinh dugc quy luat pha hay dat da, can nghién ctu qua
trinh hinh thanh va lan truyén séng tng suat xung quanh 16 min
trong moi trudng dat da. Huéng nghién ctu nay da khac phuc han
ché cta hudng 1 va da dua ra co s& khoa hoc dé giai thich qua
trinh hinh thanh cac vét nut ciing nhu dé xac dinh ban kinh cac
vliing tac dung né nhu vung nén, vung pha rdi, ving nut né va
vung chan dong. Nghién ctiu nay cho dén nay van cé nhiéu quan
diém tiép can khac nhau. Tuy nhién hau hét cac tac gid déu déng
tinh v6i quan diém cta A. N. Khanukaev cho rdng co ché pha hay
dat da khéng giéng nhau déi véi cac loai da khac nhau, trong mot
muc do dang ké, qua trinh d6 phu thudc vao dé cing truyén am
cla ching. Dat da c6 do cing truyén am nhé, su pha hay dat da
nhém nay la do ap luc né (goi la nhém 1). Pat da c6 dé ciing
truyén am trung binh, sy pha hay da ca nhom nay la do tac déng
cla séng Ung suat va do ap suat san pham né (goi la nhém 2). Con
dat da c6 doé cing am hoc I6n, su pha hay dat da la do séng ung
suat (goi 1a nhém 3). [1] [2] P6ng y theo quan diém pha da béng
s6ng Ung suat c6 nha khoa hoc Nhat Ban Kumao Hino, cac nha
khoa hoc Anh nhu Khoks, Pak, Evans, Dzeims, cac nha khoa hoc
Nga nhu E.O Mindel, N.V Mennhikov, G.I Pokroski, B.N Kutuzov, &
Viét Nam c6 cac tac gia Nhir Van Bach, Dam Trong Thang ...

Viéc nghién cu qua trinh lan truyén va suy gidam song (ng
sudt xung quanh 16 min hinh tru trong méi trudng dat da, chu yéu
dugc nghién clu trén cac moé hinh gidi tich va mé hinh thuc
nghiém né trén mo hinh thu nhé va né thi nghiém trén thuc té [5].
Cac mé hinh giai tich dén nay tuong doi hoan thién, tuy nhién cac
két qua nghién ctu thuc nghiém van con khiém tén trong mét s6
diéu kién cu thé. Dac biét su han ché vé viéc do dac cudng do séng
Uing suat trong cac vung gan lugng né, vung pha hay. Vi vay cho
dén nay chua c6 mét bd hé s6 thuc nghiém dac trung cho su suy
gidm séng (g suat theo khodng cach cla lugng né dai day du
cho céc loai dat da.

Chinh vi cac ly do trén, viéc nghién cltu qua trinh lan truyén va
suy giam song Ung sudat trén moé hinh mé phdng trén may tinh la
mot hudng nghién ctu hop ly, c6 tinh cap thiét. K&t qua nghién
cliu cho phép du bao chi tiét vé su bién déi, dac tinh cudng do
song Ung suat theo thai gian va khong gian, lam co s& cho viéc rat
ra cac hé s6 dac trung cho su giam cudng do séng tng suat theo
khoang cach trong loai d4 nghién ctiu va diéu khién qua trinh pha
huy dat da.

2. CO S LY THUYET CUA QUA TRINH LAN TRUYEN SONG
UNG SUAT

Theo thuyét pha da bang séng Ung suat, cudng dé séng Ung
suat gidm dan khi ra xa tdm né. Gia trj ing suit nén phép tuyén
trong song t&i tai mot toa do trong khong gian phu thudc vao
khodng cach dén tdm né, ham &p luc né trong 16 khoan va dic
trung clia dat da cé dang [5]:

p(t): (r=1.r, <t< (r=.r, .

0 1
()] C c M

o,(r,t)=

trong d6: 1 - khoang cach tuong déi tuang déi tu diém nghién
chudéntamné, r >1;

C - t8c d6 lan truyén clia séng Ung suat né trong mai trudng
da, m/s;

0 - thai gian ton tai pha duong cGia ham ap luc ng, s;

p(t) - ap luc né theo thdi gian tai thanh 16 khoan, Pa;

r: khodng cach tur truc lugng né dén diém nghién clu, m;

ro: ban kinh lugng né, m;

B: hé s6 suy gidm séng Uing sudt theo khoang cach, phu thuédc vao
dac tinh tu nhién maéi trudng dat da, theo Phenonov B = 1+3 [5].

Ap luc né trong 16 khoan 13 mét théng s6 phuic phu thudc rat
nhiéu yéu t6 nhu cac dic tinh clia bua, thuéc né, két cau lugng né,
dat da... Co nhiéu cdng trinh nghién ctu vé ap luc né lén thanh 16
min cla céc tac gia nhu T.M Xalamakhin, O.E Vlaxov, F.A Baum Tuy
nhién trong thuc t& dé don gidn théng thudng cé thé st dung
cong thuic thuc nghiém cla gido su Protodiaknov lam co sé& cho
cac tinh toan [5]

pt)=p,e™ 2)
Trong d6: po - ap luc t6i da ban dau cta sadn phadm né,
_ p:D’
Po="-""7-
2(k +1)

pr-mat d6 thudc né, kg/m3;

D - t6c d6 né, m/s;

k - chi s6 da bién, d6i v6i sdn pham né theo Landao k=3;

t - thoi diém khao sat sau khi kich né, s;

a - hé s dac trung cho su suy giam ctia ham ap luc né trong
buéng min, phu thudc vao dic tinh bua, lugng né, dat da.

O {kG.f'cmE]

=
t(s)

Hinh 1. Biéu do ap luc s6ng nén tai mot phan ti dét da

TU gid thuyét coi dat da la méi trudng lién tuc déng nhat, dang
hudng nén c6 thé xem rang téc do lan truyén clia séng Ung suat
trong méi trudng dan héi la khong déi va bang téc do lan truyén
cla séng doc trong moi trudng dat da (c) co dang: [6]

c= £ (3)

p

Trong d6: E: m6 dun dan hoi clia vat liéu moi trudng;

P: mat d6 moi truong;

Phan tich quy luat (1) chi ra rang, cudng dé séng (ing suat phu
thudc vao t6c d6 lan truyén séng Ung suat trong dat da, quy luat
ham ap luc né trong 16 min, thdi gian va gidm dan theo khoéng
céch tir 16 min dén diém khao sat. Muc do6 suy gidm (ng suat theo
khoang cach phu thuéc vao dic tinh cta dat da. bat da trong tu
nhién dugc dac trung bai rat nhiéu cac chi tiéu co ly va dac tinh tu
nhién nhu nut né, 16 réng, nudc ngam... Hé sé suy gidam song Ung
suat ddi vaéi méi loai dat da l1a khac nhau. D€ xac dinh hé s6 nay
phai dua vao cac thi nghiém phuc tap trén méi loai dat da. Ngay
nay, khoa hoc may tinh phat trién, c6 nhiéu chuong trinh mé
phdéng va tinh todn cac tham s6 nd min nhu LS-DYNA, ANSYS
AUTODIN...Viéc Ung dung cong cu mdy tinh trong viéc xac dinh
hé s6 suy gidam song Uing suat theo khoang cach gilp giam dugc
khéi luong thi nghiém, tiét kiém thdi gian, chi phi, ndng cao hiéu
qua kinh té trong viéc khao sat cac tham sé ctia méi loai dat da.

Chinh vi vay tng dung mé phéng s trong viéc xac dinh quy
luat phéan bé cudng dé séng ting suat theo khoang céch, hé sé suy
gidm Ung suat khi nd min va téc dé lan truyén séng nd trong moi
trudng dat da cé tinh cdp thiét, cé y nghia khoa hoc va thuc tién
sau sac. Bai bao tap trung khai thac phan mém ABAQUS, va su
dung cac tinh toan théng ké dé xac dinh hé sé suy gidm séng tng
suat lan truyén trong da véi khi né lugng né dai hinh tru.
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3. XAY DUNG MO HINH THU NGHIEM S6 MO PHONG SU
LAN TRUYEN SONG UNG SUAT

3.1. Lua chon phdn mém mé phéng

Phan mém ABAQUS dugc tich hgp dé mé phéng cac vu né
trong cac méi trudng khac nhau. Cé cé thé phan tich ting x dong
hoc phi tuyén cla cac két cau, thuat toan Lagrange dugc ap dung
khi phan tich cac loai chat ran, trong khi d6 thuat toan Lagrange-
Euler phu hop khi phan tich cac bai toan vé dong chay cla chat
16ng va chat khi. Phuang phap nay cling thich hgp dé phan tich sy
lan truyén s6ng Uing suat trong moi trudng dat da khac nhau.

3.2. Lua chon méi truong nghién ciru, mé hinh vat liéu

* Lua chon méi trudng nghién ctu tdc déng né: Qua trinh né c6
thé xay ra & rat nhiéu méi trudng khac nhau. Tuy nhién, & nudc ta
dé véi 1a mot loai vat liéu phé bién trong xay dung. Chinh vi vay bai
bao nay lua chon vat liéu nghién cdu la da voi véi cac dac tinh sau
[71:

M6 dun dan héi E=27,54 GPa;

Mat dé moi truong p=2300 kg/m?;

Hé s6 Poat xéng v=0,26

* M6 hinh hod vdt liéu dd véi

Vat liéu da voi dugc khai bao theo moé hinh vat liéu cla
Holmquist, Johnson and Cook (HJC) (1993) da duoc phat trién cho
tinh todn pha huy cac vat liéu gion nhu d4, bé tong... chiu ap luc
cao, bién dang I6n [8] [9]

M6 hinh HJC bao gém phuong trinh quan hé gitta cudng dé
Ung suat vaéi téc do bién dang, phuong trinh trang thai nén tinh
phi tuyén va phuong trinh phat trién pha huy véi bién dang déo
[81[91[71[10].

&
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Hinh 2. M hinh HJC

a- Quan hé gidta cuong dg va toc g bién dang; b- Su tich lily bién dang va phd hiy

- Phuong trinh quan hé giita cudng dd ling suat va téc dé
bién dang

Quan hé gilta cudng d6 va toc d6 bién dang cua vat liéu dugc
biéu thi qua phuaong trinh:

o' =[A4(1-D)+BP™ |(1+CIné")

Trong d6: o Ung sudt tuong duong dugc chuan hoa
o =(o,-0,)/f.

fe: cuong dé chiu nén

P": ap luc dugc chusn hod P =(o, +203,)/3f;

&' téc do bién dang khong thd nguyén & = 8*/85

£ 1 t6¢ dd bién dang thuc

& :t6e dé bién dang tham chiéu & =1.0s"

T: cudng db chiu kéo dugc chudn hod T = T/fC

T: cudng do chiu kéo

Smax: CUSNg d6 16N nhat dugc chudn hoa ma dat da co thé chiu
dung dugc

A, B va N lan luot 1a cac hang s6 vat liéu dai dién cho cudng do
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dinh chudn hoa, hé s6 ciing ap suat chudn héa va s6 mi cing ap
suat.

C: hé s6 t8c dé bién dang

D: pha huy tich luy (0<D<1)

- Phuong trinh pha huy

Hinh 2.b cho thay su pha huy ctia mé hinh HJC dugc tich luy tir
bién dang déo tuong duong va bién dang déo thé tich, va dugc
xac dinh theo céng thuc

Ae, +Au,
D=3 —— )
&p + A,

trong do: Aé‘p va A/Jp 1an luct 13 s6 gia bién dang déo cé hiéu va
bién dang déo thé tich.

(9; +,u; : Téng bién dang déo dudi tac dung tai trong tinh cho
dén khi nat, dugc tinh bang cong thic

N X

g£+y;=D1(P +T ) e (6)

emin: hang s6 vat liéu dugc dung dé triét tiéu nut né do céc
séng kéo gay ra

D1 va Da: cac hdng s6 phé huy

- Phuong trinh trang thai nén tinh

Phan ng nén tinh dugc diéu chinh bing phuong trinh trang
thai va chia thanh 3 giai doan nhu hinh 3.

P

A i F -
.r_;.u.n.“--r By Hiea T3

Hinh 3. Trang thdi nén tinh clia vat liéu theo md hinh HJC

Giai doan 1 la dan héi tuyén tinh tir nguéng ap luc am T(1-D)
t&i giGi han dan hoi

P=KukhiP<P,_, (7)

trong d6: u: bién dang thé tich tiéu chudn =L ;
Po
o va pmat dé ban dau va mat dé hién tai
K: M6 dun dan hoi khoi chia vat liéu K = Ferus
/ucrush
Uerush: Bi€n dang thé tich tai gidi han dan héﬁ;crush
Giai doan 2: con goi la giai doan chdy déo trong giai doan nay
céac 16 réng khong khi dan bi nén ra khoi bé téng va cac pha huy
duoc tao ra do bién dang déo thé tich cho dén khi khi dat dén
diém ([Jlock, Piock)

P= Pcrush + Klock (/'l = Herush ) (8)

Trong do Klock = (Plock _Pcrush )(ﬂp/ock _ﬂcrush) hé s6 géC;
Hyioq bi€n dang thé tich tai ép lucnén B,
lulock :

_ pgrain
Hiock =

bién dang thé tich & trang thai nén chat

-1
0
Prain: Mat d6 vat liéu & trang thai nén chat khong con 16 réng

Giai doan 3: giai doan nén chat: khi tat ca 16 rdng khéng khi da
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thoat hét ra khoi bé téng. Bugc coi nhu la hoan toan dan héi phi
tuyén. méi quan hé gidia ap luc va bién dang dugc biéu thi qua

cong thic

P=Ku+ Kzlt_lz +K3/_13 )
trong do: 7 = ((‘;_M la bién dang thé tich hiéu chinh,
+ /u/ock

K1, Kz, Ks: cac hang sé vat liéu

Nghién ctu mé phong dugc thuc hién trén da voi
(LIMESTONE). Cac tham s6 ctia méi trudng dugc 1y theo nghién
cu cia Wang cling cong sy 2019 [7] Trinh bay trong bang 1

Bdng 1: Tham sé cua dd véi theo mé hinh phd huy HIC [7]

Théng sé Giatri | Théngsé | Gia | Théngsd | Giatri
tri

Po (kg.m?3) 2300 g(; 1.0 | Ki(GPa) 39

G (GPa) 10,093 | T(MPa) 4 K2 (GPa) -223

N 089 | Dy 0.04 | K3(GPa) 550

A 0.55 D> 1 Merush 0.00125

B 1.23 Perush (MPa) 20 Miock 0.174

C 0.0097 | Piock (GPa) 2

Smax 20 €fmin 0.01

*M®é hinh hod vat liéu né

Trong tinh toan mé phdng s6 dé xac dinh dugc 4p luc do san
phdm né tac dung lén d4t da, cac nha nghién cdu st dung phuong
trinh trang thai dé biéu thi méi quan hé gilta nang lugng, ap luc va
mat do cla san pham nd. C6 nhiéu tac gid xay dung cac dang
phuong trinh trang thdi khac nhau nhu Becker-Kistiakowsky-
Wilson (BKW) EOS, Mie-Gruneisen EQS, Tillotson EOS. [11] [12]
[13]. Phuong trinh trang thai Jones-Wilkins-Lee (JWL equation of
state) duoc sir dung phé bién va rong réi vi tinh don gian ctia né va
da dugc nhiéu nha nghién ciu st dung trong cac cong trinh
nghién clGia ctia minh. [14] [15] [10] [7] [16]

Ap luc tac dung Ién méi trudng do sén pham né gay ra dugc
tinh todn theo phuong trinh trang thai “Jones-Wilkins-Lee” (JWL
equation of state) dugc biéu thi theo phuong trinh sau [17]

E
p=A -2 e ™ +B,|1- i P
RV R,V

4

Trong d6: p: Ap luc cGia san phdm né tac dong 1én moi truding

V: Thé tich tuong d6i ctia san pham né;

A1, B, Ri, Ry, va w 13 cac tham s6 dic tinh cla thubc né, cac
tham s6 nay thu dugc khi thi nghiém dan n& sadn phdm né trong
cac diéu kién kiém soat dugc. [18] Gid tri cGla cac tham s6 nay dugc
I3y theo nghién clu cta Bibiana Luccioni va cong su 2019 [19] va
dugc trinh bay trong bang 2

Bdng 2: Cdc tham sé ctia thubc n6 theo phuong trinh trang thdi JWL [19]

Thoéng s6 A B; R Rz E w Va o
(MPa) (MPa) (kJ/m?3) (m/s) (kg/m?3)
Gia tri 3,73.10° 3,74.10° 4,15 0,9 6,06.10° 0,35 6930 1650

*Thiét Idp mé hinh thi nghiém sé

Mé hinh thit nghiém sé duoc thuc hién véi lugng né dai cé kich
thudc 10x10x80cm trong moi trudng dé véi. Theo khuyén cao dé
thoa man diéu kién né ngam phuc vu viéc nghién ctdu lan truyén
séng Ung sudt né, kich thuéc mau da can cé kich thudc téi thiéu
gédp 100 lan ban kinh lugng nd [3]. Vi vdy mé hinh khéi da dugc
thiét lap véi kich thudc 10x10x10m.

Loag o

o
Fa

Hinh 4. M4 hinh thi nghiém s6
1,2, 3, 4- Cdc diém do tai khu vuc gén tam nd (viing nén ép)
5,6,...,11- cdc diém do & khu vuc xa tdm nd (viing dan hoi)

4, KET QUA THU NGHIEM SO
Qua trinh hinh thanh va lan truyén séng (ing suét dugc phan anh
trong hinh 6.
40ps 400 ps

80ps 160 ps

Hinh 5. Hinh &nh lan truyén séng ting sudt tai cac thoi diém
K&t quad thir nghiém sé vé &p luc san phdm né, cudng do séng

(ing sudt tai cac thai diém khao sat khac nhau dugc phan énh
trong bang 3, hinh 6 va hinh 7
AP LUC CUA SAN PHAM NG TRONG BUGNG MIN

16000
14000 |
12000 ||\,’|
Hoooo ||
Ss000 | |
Ze000 | 17,
Zao00 | L
2000 | N
o 4 e T
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
Thi gian (s)
Hinh 6. Biéu d6 ap luc cta san pham nd khi kich no
AP LUC SONG UNG SUAT TAI KHU VUIC GAN TAM NG
0.0004 00006 0.0008 0.001 00012 00014
Théd gian
----- r=0,05 e p=0,15M —=— r=0,25 ——— r=0,35
AP LUC SONG UNG SUAT TAI KHU VUC XA TAM NG
400
300 P
s g A
£ 200 / \
= - \
g 100 ; i,
2 4 / b p: e
00000 00002 00004 00006 00008 00010 00012 00014
g Théi gian (s)
— == r=0.842m r=1,238m —— r=1,832m r=2,426m

Hinh 7. Bi€u d6 ap luc song theo thai gian tai cc diém do trong da voi
Mac du ap luc ctia san pham né tac dung lén thanh buéng min
la rat 16n nhung do gidi han bén clia dat da nho hon rat nhiéu so
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vGi &p luc ctia san phdm nd nén vat liéu nhanh chéng bi pha huy
va Uing suat trong phan t& dat da khong ton tai, khi quan sat trén

Bang 3: Cdc tham sé cta séng Uing sudit tai cdc vi tri

biéu dé ta thdy Ung sudt gidm dot ngot vé gid tri bang 0

Diém do Thoi diém Thoi diém dat Thoi diém Attang ap Atgidmap | Aplucdinhsong | Técdo lan truyén
r(m) song téi dinh p=0 séng (c)
0.05 1.0176e-5 3.0025e-5 - 1.9849e-5 - 2724540000 -
0.15 1.9216e-5 5.0299e-5 8.559%e-5 3.1083e-5 3.5291e-5 950352000 11061.95
0.25 3.4726e-5 8.0391e-5 1.1533e-4 4.5665e-5 3.4939%e-5 791313000 8146.64
0.35 5.5854e-5 1.0693e-4 1.452e-4 5.1076e-5 3.827e-5 584546000 6567.732
0.842 0.000146 0.000287 0.000409 0.000141 0.000122 317151000 5767.123
1.238 0.000235 0.000375 0.000510 0.000140 0.000135 202213000 5268.085
1.832 0.000372 0.000527 0.000670 0.000155 0.000143 114550000 4924.731
2426 0.000501 0.000661 0.000817 0.000160 0.000156 76202600 4842.315
3.218 0.000685 0.000854 0.001011 0.000169 0.000157 51576600 4697.81
4.01 0.000866 0.001039 0.001199 0.000173 0.000160 38481700 4630.485
4.406 0.000943 0.001121 0.001283 0.000178 0.000162 31944700 4672.322

Tu biéu d6 trong hinh 7 va cac gia tri trong bang 3 ta nhan
nhay khi cang ra xa tdm né gia tri I6n nhat clia séng tng suat gidm
dan nhung thai gian tén tai ham &p luc né (6) tang lén. Bén canh
dé, thoi gian ké tu khi phan ti dat da nhan dugc séng ung suat
dén khi dat gid tri I6n nhat cling tang 1én khi khoang cach dén tam
nd tng lén.

5. PHAN TiCH KET QUA THU NGHIEM SO

Tu cac két qua trong hinh 8 va bang 3 ta thu dugc cac gia tri ap
luc s6ng Ung suat Idn nhat va thai gian tén tai cia ham &p luc séng
(ing sudt tai cac vi tri va quy luat thay d&i nhu trong hinh 9 va hinh
10. St dung chuong trinh tinh Graph.exe bang phuang phap binh
phuong t6i thiéu ta thu dugc qui luat phan bé cudng dé dng suat
cuc dai theo khoang cach (11),

-139
P, (r)=168.10°7" =168.1 o'°.[riJ
0

Tu céng thic 11 ta thay, ap luc 1én phan ti dat da bén thanh
budng min (khi r=ro) c6 gia tri Po=1,68.10* Mpa. so sanh vdi gia tri
thu dugc tr mo phéng Po=1,524.10* Mpa, sai s6 gilra 2 phuong
phap khodng 9,3%

S6 mi -1,39 chinh la hé sé suy gidm cudng d6 séng Ung suat
theo khoang cach khi lan truyén trong méi trudng

BIEU DO SUY GIAM AP LUC SONG UNG SUAT KHU VUC XA TAM NO
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Hinh 8. Biéu dd suy giam ap luc song (ing sudt theo khodng cach
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Hinh 9. Thai gian duy tri dp luc song ting sudt (pha duang) khi lan truyén trong ddt da

Cang ra xa tdm né, thai gian duy tri ham &p luc séng né cing
tang lén theo khodng cach. Trong pham vi r<20ro thai gian duy tri
cla ham ap luc séng né tang kha nhanh theo khodng céch r. Tuy
nhién sau d6 t6c d6 tang giam dan va & ngoai khoang cach 50ro
t6c d6 tang gan nhu khong déang ké (Hinh 10)

VAN TOC LAN TRUYEN SONG UNG SUAT TRONG DA VOI
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Hinh 11. Sy thay di van tdc lan truyén song theo khoang cach

Cung vai sy thay déi thai gian duy tri ap luc séng Ung suét,
van téc lan truyén cOa séng Ung sudt cling thay d&i theo
khoang cach. Ti bang 3 va biéu d6 trong hinh 11 cho ta thay
van téc lan truyén séng (ng suat né trong da véi gan khu vuc
tdm né cao hon nhiéu so vdi cac khu vuc & xa. Séng Ung suat &
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gan lugng né con goi la séng dap lan truyén véi téc do siéu am
trong moi trudng va khi lan truyén dén khoang cach nhat dinh
thi chuyén thanh séng dan héi lan truyén véi t6¢c d6 nhé hon va
bang téc d6 song 4m trong moi trudng dat da [1]. Khi ra xa tam
né van téc lan truyén clia séng Ung suat giam dan va & vung
dan hoi gia tri van téc lan truyén gan nhu khong thay déi dat
trung binh khoang (4667m/s) két qua nay sai sé khoang 0,7%
so vGi két quad thi nghiém cda Fahad Asemi va coéng su
vp=4700m/s [20]

6. KET LUAN VA KHUYEN NGHI

Trong nghién ctu nay, nhém tac giad da trinh bay co s& ly
thuyét lan truyén cla séng Ung sudt né trong moi trudng da
ciing déng nhat. K&t qua moé phdng da chi ra téc d6 lan truyén
s6ng Uing sudt trong moi trudng xung quanh lugng né la khéng
giébng nhau. Khu vuc gan tdm né c6 t6c dé lan truyén nhanh
hon so véi khu vuc xa tdm né. Pong thai dua ra dugc phuang
phéap xac dinh hé s6 suy giam séng ting suat theo khoang cach
trong moi trudng dat da bang phuong phap mé phéng sé. Két
qua tinh toan dugc hé sé suy gidam séng (ng suit n trong moi
trudng da voi la 1,39. D& c6 két qua chinh xac hon va xét dén
cac yéu t6 anh hudng khac cla moéi trudng dat da. Can tién
hanh thi nghiém né va c6 cac phuong tién do hién dai trong
moi trudng da voi thuc té dé€ cé thé so sanh va hiéu chinh mé
hinh.

TAI LIEU THAM KHAO

[1]Dam Trong Thing, N min trong nganh mé va cong trinh, Ha Néi: NXB Khoa
hoc Ty nhién va Cdng nghé, 2015.

[2] H6 Si Giao, Dam Trong Thang, Lé Van Quyén, Hoang Tudn Trung, N6 Hoa
hoc - Li thuyét va Thyc tién, Ha Noi: NXB Khoa hoc va Ky thuat, 2010.

[3] Vii Xuan Béang, "Luan an tién si: "Nghién cu hoan thién quy luat pha huy
ddt da cda lugng nG dang phang"," Hoc vién K§ thuat Quén su, Ha Néi, 2023.

[4] Dam Trong Thang, Nguyén Tri T4, Vi Xudn Bang, "Nghién ctiu anh hudng
cla hinh dang lugng né dén mitc do dap vé dat da bang phuong phdp thuc
nghiém," Tap chi Khoa hoc & Ki thudt, Hoc vién Ky thudt Quan su, 2018.

[5] Dam Trong Thang, NG trong xdy dung cong trinh, Ha Ni: Hoc vién Ky thuat
Quan su, 2020.

[6] Tran Dinh Thanh, Nguyén Van Thay, D6 Van Minh, Vat Iy ng va va dap, Ha
Noi: NXB Quan dgi Nhan dén, 2021.

[7] Zhiliang Wang, Youpeng Huang and Feng Xiong, "Three-Dimensional
Numerical Analysis of Blast-Induced Damage Characteristics of the Intact and
Jointed Rockmass," Computers, Materials & Continua, vol. 60, pp. 1189 - 1206, 2019.

[8] T. J. Holmquist, G. R. Johnson and W. H. Cook, "A computational
constitutive model for concrete subjective tolarge strain, high strain rate and high
pressure," The 14th International Symposium on Ballistic, pp. 591-600, 1993.

[9] Gen-Mao Ren, Hao Wu, Qin Fang, Xiang-Zhen Kong, "Parameters of
Holmquist—Johnson—Cook model for highstrength concrete-like materials under
projectile impact," International Journal of Protective Structure, 2017.

[10] Zhiliang Wang, Haochen Wang, Jianguo Wang, Nuocheng Tian, "Finite
element analyses of constitutive models performance in the simulation of blast-
induced rock cracks," Computers and Geotechnics, vol. 135, 2021.

[11] C. Mader, Numerical Modeling of Detonation, California: U. of California,
1979.

[12] J.R. Asay and M. Shahinpoor., High-Pressure Shock Compression of Solids,
1993.

[13] W.C. Davis, W.P. Walters, "Explosive Effects and Applications," in Shock
wave in solids, New York, Springer-Verlag, 1998, pp. 75-102.

[14] M. D. Banadaki and B. Mohanty, "Numerical simulation of stress wave
induced fractures in rock," International Journal of Impact Engineering, Vols. 40-41,
pp. 16-25, 2012.

[15] Jianzhong Lai, Xujia Guo, Yaoyong Zhu, "Repeated penetration and
different depth explosion of ultra-high performance concrete," International
Journal of Impact Engineering, vol. 84, pp. 1-12, 2015.

[16] Zhonggi Wang, Yong Lu, Hong Hao, Karen Chong, "A full coupled
numerical analysis approach for buried structures subjected to subsurface blast,"
Computers and Structures, vol. 83, p. 339-356, 2005.

[17] S. Itoh, H. Hamashima, K. Murata, Y. Kato, "Determination of JWL
parameters from underwater explosion test," in 12th International Detonation
Symposium, San Diego, 2002.

[18] A. Alia and M. Souli, "High explosive simulation using multi-material
formulations," Applied Thermal Engineering, vol. 26, pp. 1032-1042, 2006.

[19] Bibiana Luccioni, Daniel Ambrosini, Gerald Nurick, Izak Snyman, "Craters
produced by underground explosions," Computers and Structures, vol. 87, pp. 1366-
1373, 2009.

[20] Tohid Asheghi, Ahmad Fahimifar, Farhad Asemi, "The Effect of the Crack
Initiation and Propagation on the P-Wave Velocity of Limestone," Amirkabir
University of Technology, 2019.

[21] 3.0. Mungenn, H.0. Kycos, A.A. CopHees, I.1. MapuuHkeBuy, MuHpenu,
nccnefoBaHue BOSH HanpAXeHWil Npu B3pbiBe B ropHbix nopoaa, Mocksa: HAYKA,
1978.

ISSN 2734-9888 | 11.2023 XAYDUNG |75



