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~ DPANH GIA ANH HUONG CUA MAT THOANG
DPEN MUC bQ PAP VO DPAT PA TRONG PUONG HAM
TU KET QUA THi NGHIEM TREN MO HINH NO PIEN

VU TRONG HIEU, DAM TRONG THANG, Hoc vién Ky thudt Quadn s

Tom tat: Mire do dép vo dat dd la mot chi tiéu kinh té ky thugt téng hop ciia cong tac khoan
né min. Cong tac khoan né trén cong trwong 1o thién da rdt quan 1am dén vin dé nay, fuy
nhién rat it cong trinh nghién ciu vé mirc do ddp vo' khi khoan né min trong duong ham.
Mt khdc viéc ddnh gid hiéu qua kinh té ciia céng tac khoan né trong duong ham van chua
xem xét toan dién sy anh huong cia mirc d¢ ddp vo dat dd sau né dén hiéu qua kinh té ciia
ca day chuyen khoan — né - xiic béc — van tai. Chinh vi vdy, bai bdo trinh bay két qua
nghién citu thuc nghiém, phan tich, danh gia so sanh mirc dé ddp vo ddt da trén mé hinh né
dién cho hai truong hop né mot mat thoang va hai mat thoang Két qud phan tich thuc
nghiém cho phép danh gia qui ludt dap vo dat déa phu thugc vao nang heong riéng dé pha
ity mét don vi thé tich dat da, rit ra h¢ $6 anh huéng ciia s6 mdt thoang lam co so ke thira
Iy thuyét mire dé ddp vé dat sau né khi phd da 16 thién, dé dp dung vao cong trinh ngam.

1. it van dé

Murc do dap v& dat da (MPPVDD) khi nd
min 1a mot chi tiéu kinh té ky thuat téng hop,
phan anh murc d6 t6i wu cia thong s6 khoan no
va hiéu qua kinh té cua ddy chuyén san xuat
khoan nd - xtic boc - vén tai... Trén thé gidi dén
nay cic co so 1y luan va cac qui luat vé
MDDVDD khi nd min trén diéu kién 19 thién
rat hoan thién, didu nay gop phan thuan loi
trong giai quyet cic bai toan kinh té ky thuat
dam bao t6i wu trong toan by day Chuyen san
xut [1, 4]. Tuy nhién Van dé nay con dé cap rat
han ché trong cong tac nd thi cong duong ham,
diéu nay lam kho khin trong giai quyét bai toan
kinh té t6i wu trong thi cong duong ham [1, 2,
3].

Phan tich qua trinh pha huy dat da khi n6
nhan thay, ban chat yéu t6 co ban anh hudng
dén qua trinh vét 1y co hoc pha huy dat da khi
nd trong diéu kién 19 thién va trong duong ham
1a s6 lwong mit thoang [1, 4]. Khi né trong diéu
kién 1o thién thong thuwong co hai mdt thoang,
thi séng nén téi két hop véi séng kéo phan xa tir
mat thoang dong mot vai tro lon trong qua trinh
phd hiy dat da, con khi né trong dwong ham
mét mdt thodng nam trén miéng 16 khoan, thi
vai tro ciia séng NéN tdi chiém mot vai tro chinh

so voi song phan xa kéo. Pay 1a ly do chinh tao
ra sy khéac biét vé MPDVDD khi n6 min trong
diéu kién duong hdm va 16 thién.

Chinh vi cac 1y do trén, dé c6 thé ké thira
cac qui luat vé MPDVDD trong diéu kién nd 16
thién khi giai quyét bai toan toi wu kinh t& n6
min trong dudng ham, thi viéc nghién ctru anh
huong cua sé lwong mit thoang dén MPDVDD
1a nhiém vu c6 y nghia khoa hoc va thyuc tién.
2. Co 56 ly thuyét vé m01 quan hé giira ba
thdng so chi tiéu thudc nd, s6 mit thoang va
MbbVDD
2.1. Moi quan hé giiva chi tiéu thudc né véi
MDDVDD

Pé pha huy khdi luong dat da xac dinh
trong pham vi ban kinh gi6i han can tiéu hao
mot luong nang luong xéc dinh. Cung voi sy
taing mirc d6 pha huy khoi dat da 1a su ting
ning lugng pha huy va tang chi tiéu thudc né.
Cdc cong trinh nghién ciu trong cac diéu kién
tang da 19 thién, déu khang dinh rang
MPDVDP ti I¢ dong bién voi chi tiéu thuoc no
hay con goi la lrong tiéu ton nang heong no [1,
4] Hién nay co6 rit nhiéu céng thirc xac dinh
mdi quan hé nay, tuy nhién trong cong tac thiét
ké k¥ thuat pho bién su ~dung cong thirc thyuc
nghiém ciia Lién doan nd min Nga mo ta mbi
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quan hé giita chi tiéu thudc nd véi c& da nd ra
(hay MDDVDD), tinh chat co ly da va diéu
kiénno [1, 4]:

2/5
q=0,13éﬁ(0,6+3,3d0d3)@5j ok (1)
H

f — hé s6 bén 16p phu dit da bé mat theo
M.M. Protodiakonov;

do — kich thuéc cac khéi da riéng biét trude
khi nd pha, m;

ds — dudng kinh khéi thude nd, m;

ds — kich thudc cho phép cua cuc dat da, m;

p - mat d6 khdi dat da, tin/m?;

- k—hé sd tinh toi strc cong pha cia thude

no.
2.2. Méi _quan h¢ gita MDDVDD voi chi tiéu
thuoc né va sé lwong mit thodng ciia khéi dd
né min

MDDVDD khong chi phu thudc vao chi ti€u
thudc nd, ma con phu thudc vao sé luong mit
thoang xung quanh luong nd va cac diéu kién
lién quan cua vu nd. Sw khdc biét co bdn giita
né trong diéu kién 19 thién va céng trinh ngam
la s6 heong mdt thodng xung quanh lwong no.
S6 lugng mat thoang 1a mot trong nhimg didu
kién quan trong d6i véi cong tac thi cong khoan
nd va anh huong dén chi tiéu thude nd ciing nhu
MBPDBVDD. Nhu di biét, d6i voi nd pha dat da
trong duong ham thi chi tidu thudc nd s& 16n
hon va dan dén dat d4 bi dap vun hon so véi nd
16 thién.

Hién nay ddi véi nd 16 thién, su bién doi
quan hé giita MDDVDD vdi chi tiéu thude nd
hodc lugng tiéu hao ning luong nd don vi va
mit thoang da dwoc nghién ctru biéu dién dudi
dang sau [1]:

Dy =1/(W.gp KiK. K3 Ky K KsWpy) 1 (2)
D, =1/(K,.K,.K;.K,.K;.Ke. W, €.9), (3)

trong do: D, - duong kinh trung binh cua cuc

da sau nd, m;

q - la chi tiéu thudc nd, kg/m3. Ta co
q=w/e;

W - luong ti€éu hao nang lugng khi pha huy
mot don vi thé tich dat da, J/m?;

e, - nang lugng riéng ctia chét no, J/kg;
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O - héng $6 dap vo chuan duogc xac dinh
dbi voi timg loai dat da, m/J;

K, K,, K,, K, K, - hé sd hiéu chinh
tuong tmg vé loai thudc nd, duong kinh thudc,
huéng 16 khoan, sé hang 16 khoan;

K, - hé s6 hiéu chinh vé sd mit tu do. Khi
c6 2 mat ty do thi K,=1. Khi c6 3 mat tw do thi
K,=2.

Cong thuc (2) va (3) déu phan anh qui luat
1a khi ting s6 mat tu do chi tiéu thuoc nd don vi
hodc lugng tiéu hao ning luong nd don vi s&
giam khi ¢ cung mét MDDBVDD va MbbVDbD
s€ tang khi ¢ cung mot gia tri chi tiéu thubc nd
hay luong ti€u hao nang luong nd don vi.

T mdi quan hé giita chi tiéu thudc nod, sb
mat thoang va MDDVDD trinh bay ¢ trén
chung ta c6 thé nhan thay ban chat cua nd trong
duong ham chi khac nd 16 thién ¢ yéu td han
ché mit thoang va han ché qua trinh bay ving
ciia dat da theo phuong vudng gbc voi truc
duong ham. Quan sat thuc tién nhan thdy khi
né trong dwong ham mét mdt thodng bao gic
MDDVDD ciing l6n hon hai mat thodng. Ly do
chinh 12 chi tiéu thubc no trong diéu kién duong
ham théng thuong ludn 16n hon diéu kién 16
thién. Tuy nhién van d& anh hudéng cia mit
thoang dén MDD VDD khi n6 trong dudng ham,
cho dén nay van chua thay c6 nhimng cong trinh
nghién ctru cu thé. Chinh vi vdy, cac két qua
nghién ctu thuc nghiém trén md hinh nd dién
trong diéu kién duong ham mot mit thoang va
hai mit thoang s& gop phan lam sang t6 hon van
dé nay.

3. M ta két qua thi nghiém trén mé hinh no
dién

Ké thira phuong phap thi nghiém bang nod
dién cua Truong dai hoc tong hop Mo qubc gia
Matxcova dé tién hanh xdy dung mo hinh thi
nghiém, dung cu tao ra xung nd dién duoc thiét
ké ché do dat nang luong c6 cong suit thay doi
trong pham vi tir 0 dén 500J [2, 5].

Mau thir nghiém bang thach cao goém loai 1
va 2, twong tng dugc bd tri va nd theo didu kién
1 mdt thodng va 2 mat thoang c6 kich thudc va
déc tinh xem bang 1 va hinh 1.



Bdng 1. Théng sé ciia mau thi nghiém

, L Trong luon Cuong do Van toc

STT | Tén mau Elgg )t(h:ra(:)c ((Illilrln); ‘;hég ticﬁ ¢ chiu ﬁén séﬁg doc
' g/cm®) (kg/cm?) (m/s)
1 Loai 1 30x30x60 1,21 40 810
2 Loai 2 40x40x80 1,21 40 810

Cac mau thach cao tron cat dugc duc trong khudn sat khuon st glong nhu bién cua duong
ham va diéu kién no dién ra sau khi cac 16 khoan tao bién nd trude. Chi tiét mo ta trong [2].

M&i 1an nd & cac mirc ning lwong khac nhau, tién hanh phan loai ¢& cdc cuc da mau v nho
hé théng sang va tién hanh xac dinh cac thong sé dic trung cho két qua nd duoc mé ta trén bang 2.

Bang 2. Ket qua no trén moé hinh no dién

Mot mat thodng Hai mat thoang
7 Thé . TI69 hao | Thé . Tlele hao
Ténto | Duw tich ang NANS - Tantd | Dtb tich ang nans
miu | (cm) | pha | luong | lwong |kl em) | pha | luome | luong
(cm?) nd (J) | donviq, (cm?) no (J) | donviq,
(Jlcm?) (Ilem?)
111 3,41 | 12,75 | 60,00 4,71 21L2 | 3,42 | 12,67 | 60,00 4,74
2L1 3,33 | 14,00 | 70,00 5,00 22L.1 | 3,37 | 14,67 | 70,00 4,77
3L2 3,22 | 15,42 | 80,00 5,19 23L2 | 3,35 | 20,55 | 100,00 4,87
411 3,02 | 18,42 | 100,00 5,43 2411 | 2,92 | 26,50 | 130,00 4,91
5L2 2,80 | 25,08 | 140,00 5,58 25L1 | 2,53 | 29,83 | 160,00 5,36
6L2 2,40 | 27,25 | 170,00 6,24 26L2 | 2,23 | 34,83 | 200,00 5,74
7L1 2,31 | 29,50 | 190,00 6,44 2711 | 2,02 | 36,17 | 220,00 6,08
8L2 2,27 | 30,83 | 210,00 6,81 28L2 | 1,83 | 36,75 | 260,00 7,07
9L2 2,11 | 32,33 | 230,00 7,11 29L1 | 1,79 | 37,00 | 280,00 7,57
10L1 | 1,92 | 32,83 | 260,00 7,92 30L2 | 1,74 | 37,42 | 300,00 8,02
11L2 | 1,75 | 34,17 | 300,00 8,78 31L1 | 1,68 | 37,92 | 310,00 8,18
12L1 | 1,68 | 34,83 | 330,00 9,47 32L1 | 1,65 | 38,00 | 330,00 8,68
13L2 | 159 | 3542 | 360,00 | 10,16 33L2 | 1,61 | 39,17 | 350,00 8,94
14L2 | 152 | 37,33 | 400,00 | 10,71 34L1 | 1,57 | 39,50 | 370,00 9,37
15L1 | 145 | 37,67 | 420,00 | 11,15 35L2 | 1,53 | 40,25 | 430,00 | 10,68
16L1 | 1,42 | 39,92 | 460,00 | 11,52 36L1 | 1,48 | 41,08 | 460,00 | 11,20
1702 | 1,42 | 40,67 | 470,00 | 11,56 37L2 | 1,48 | 41,00 | 470,00 | 11,46
18L1 | 1,42 | 40,25 | 480,00 | 11,93 38L1 | 1,48 | 41,17 | 480,00 | 11,66
19L2 | 1,42 | 40,33 | 490,00 | 12,15 39L2 | 1,48 | 41,00 | 490,00 | 11,95
20L1 | 1,42 | 40,50 | 500,00 | 12,35 40L1 | 1,48 | 40,92 | 500,00 | 12,22

4. Phén tich, danh gia cac Kkét quéa thuc nghiém

Xu ly s6 liéu trén theo phuong phap binh phuong t6i thleu cho phép rut ra qui luét vé su
phu thudc xap xi cua kich thude trung binh cta cyc da mau sau nd va tiéu tén nang luong khi pha
hay mot don vi thé tich mau c6 dang phuong trinh duéi day [2]:
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Hinh 1. Sw phu thudc thiee té cua thé tich phd hity mau khi né
trong truong hop mot mat thoang va hai mat thoang

Dbi véi dudng ham mot mat thoang:

D, =14,039.w***; R*=0,982, 4)

Déi v6i dudng ham hai mit thoang:
=13,709.w %™ R? =0,902, (5)

trong do. D, - kich thuoc trung binh cua cuc da
mAU sau nd, cm;

W- lugng tiéu hao nang lugng khi
pha hay mét don vi thé tich mau d4 hay con gon
1a chi tiéu nang lwong nd don vi, JJcm®.

So sanh su phu thudc thuc té cua thé tich
mAu bi pha htty mau vao tiéu hao ning luong nd
dién don vi cua truong hgp mot mat thoang va
hai mat thoang dugc phan anh trén hinh 1. Phan
tich hinh 1 nhan thiy duong cong cua truong
hop hai mit thoang nim bén trén mot mit
thoang. Piéu nay phan anh dung qui luat nd
trong duong ham 14 chi tiéu thudc nod khi nd
guong him hai mit thoang bao gio ciing nho
hon mgt mat thoang.

Phan tich sy phu thuoc cua kich thudc cuc
dd trung binh sau né vdo tiéu hao ning hrong
né don vi ciia triecong hop mét mdt thodng va
hai mat thodng thé hién tuwong Ung trong
phuong trinh (3) va (4) va hinh 2, nhan thiy khi
ting luong tiéu hao ning lwong nd don vi thi
kich thuéc trung binh cta cuc da giam dén, tirc
MbDbVDD tang dan va nguoc lai. Khi ti€éu hao
nang luong n6 don vi ting dén gia tri giéi han
(Wgh2) trén hinh 2 thi duong cong cia truong
hop hai mit thoang gan nhu dat trang thai béo
hoa, dudng cong nam song song voi truc hoanh.
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Piéu nay c6 nghia néu tiép tuc ting lugng tiéu
hao nang lugng nd 16n hon gia tri téi han (Wgn2)
thi muc dap vo da ddi voi truong hop hai mit
thoang gan bdo hoa. Noi cach khac trong mién
nay su gia ting ning luong nd chuyén thanh
cong cac dang cong vo ich nhu da vang va song
xung kich. Phan tich hinh 2 nhan thiy khi ting
tiéu hao ning lwong nd 16n hon gia tri gidi han
(Wgn2) thi kich thudc cuc d4 trung binh déi véi
truong hop né mot mat thoang van tiép tuc
giam va dat béo hoa ¢ tri s6 lon hon wgho. Dleu
nay phan anh ding qui luat thyc tién vé nd
trong khong gian bi nén ¢p do sy kim ham vang
dat da, cling kéo theo sy kim ham vé sy phut
nang lugng ra ngoai khong khi.

Ca hai truong hop nd mot mit thoang va
hai mat thoang, khi gidm luong ti€u hao nang
luong nd don vi thi kich thudc trung binh cua
cuc da tang, thc MDDVDD giam. Vé phuong
dién 1y thuyet khi lugng tiéu hao thudc nd don
vi dan vé khong thi kich thudc trung binh ctia
cuc da ting 1én vo cung (bang khdi da nguyén
khdi) hodc bang kich thudc trung binh cta khdi
nat trong nguyén khoi. ‘Tuy nhién trén thuc té
khi luong tiéu hao thudc nd don vi giam dén
mot gia tri nao do, ngoai cac ton thit thong
thuong, thi ning luong nd giy bién dang tuong
dbi khong du dat dén gia trj t6i han, tic xung
quanh lugng nd dat da dugc xem nhu khong bi
pha huy. Vi vay trong thi nghiém khi luong tiéu
hao niang luong ndé don vi bang wi thi hai
duong cong cua hai truong hop gip nhau. Diém



nay goi la diém t¢i han. C6 nghia khi lugng tiéu
hao néng lugng nd nho hon Wi thi ca hai truong
hop nay déu khong chiu anh hudng cua mat

thoang, tac dung co hoc gidng nhu nd trong moi
truong vo tan, dat da chi hoan toan chiu tac
dung pha huy ctia song nén toi.

6.00

SU’ PHU THUOQC KiCH THU'G'C TRUNG BINH CUA CUC PA
VAO LUQNG TIEU HAO NANG LUONG N6 DON VI

5.00 \\

Dy, = 14,039. w0948
R? =0,982

4.00 1

3.00 1 b, =13,7099.w0.574
R? = 0,902

2.00 T

1.00

Kich thwéc cuc trung binh cta cuc d4 sau nd Dy, cm

0.00

0.00 2.00

4.00 wih 6.00
Luwong tiéu hao ning lweng nd don viw, J/em®

---a——- Ditb.IMT (cm) --
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Hinh 2. So sanh su phu thudc ciia kich thuéce cuc dé trung binh vao leong tiéu hao nang lwong né
don vi cua truong hop mot mat thoang va hai mat thodang
Duong khong lién nét la dwong cong thuc té;
Puong lién nét la dwong cong Iy thuyét (xdp xi).
Tri 56 qin VA Ogha tiong ting voi En VA Egnz trén hinh 1.

T két qua thi nghiém trén mo hinh, ddi
chiéu vé&i goc nhin tir thuc tién, c6 thé cho ring
mién hiéu qua trong cong tic nd s& nam trong
pham vi tir Win dén Wgn2 trén hinh 2. Trong mién
tir Wih dén Wgn2 tién hanh so sanh hai truong hop
nd mot mat thodng va hai mat thodng, duong
cong mo ta qui ludt phu thudc cua kich thudc
trung binh ctia cuc d4 sau nd vao lugng tiéu hao
nang luong nd don vi cua truong hgp Mot mat
thoang déu nam trén truong hop hai mat thoang.
Piéu nay chinh to cung tri s6 luong tiéu hao
thube nd, thi MDDVDD cua trudng hop hai mat
thoang 16n hon mot mét thoang. NGi cach khac
nd & guong nhiéu mat thodng mtrc d¢ dép vun
dat da co loi hon trudng hop it mit thoang hon.

Nhu vay c6 thé thdy rang dé ké thira cac qui
luat dap vo dat da béng nd min trén 19 thién, can
tim ra hé s6 so satnh MDDVDD cua truong hop
nd trén guong mot mit thoang so v4i guong hai
mit thoang. Gia tri binh quan cta hé sd nay
trong toan mién (Wi, Wgh2) duoc xac dinh nhu
sau.

Wgh2

I Diz (w).dw
Kooy = ©)
J-Dtbl(w)-dW
13,709.28,461.1%0% Wen2
mD;h = o w;/:lz
14,039.18,182.w 77|
Win
~ 13,709.38,461. [ WAL ) 026]

. (6
mDy, 14 039.18 182[W0h()255 _ \Nt?]OSSJ ( )

Phan tich s6 liéu va d6 thi hinh 2 nhan duoc
tri s6 gan ding sau: w,, =10,69J/cm?;
W, =4,77J/cm®. Thay cac tri sb niay vao
phuong trinh (57) ta co:

Ko, =0,91~09, (7

Nhu vay hé s6 so sanh MPBVDD cua
truong hop nod trén guong mot mat thoang so
vG1 guong hai mat thoang K, ~0,9, didu nay
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phan anh rang anh hudéng cua mit thoang dén
mirc d6 kho dap v& MPBVDD khi nd trén
guong mdt mat thoang nho hon trén guong hai
mit thoang 13 0,9 1an. Két qua nay ciing ching
minh vai tro cua mat ty do phu va song phan xa
trong viéc nang cao hiéu qua nd pha da.

Két qua nay cho phép tng dung cac qui luat
dap v& dat da trén cong truong 16 thién cho
duong ham. Néu chon hé s6 Ks=1 1a truong hop
chuén dé so sanh, khi do cong thue (3) va (4) cbd
thé dugc sir dung biéu dién mdi quan h¢ trong
truong hop né trong duodng ham mot mit
thoang v6i hé sé Kz chuyén thanh ky hiéu

Kmp, ddc trung cho sy anh huong cua mat
thoang dén MPDVDD, duoc viét lai dudi dang:

Dy =1/(K Ky Kpp, Ky Ks. K Wpy), (8)

Dy =U(K K, K, Ky K. Ks Wy, €,.0,) ,(9)
trong d6: khi nd duong him mot mit thoang
Ky, =09; khi nd dwong him hai mat thoang
Ko, =1; khi né duong ham ba mit thoang
Ko, =2.

5. Két luin

Nhu vay trong mién hop 1y tng dung trong
thuc t& (tir win den wgh2), MDDVDD ngoai phu
thudc vao cac yéu td co ‘ban nhu chi tiéu thude
nd, con phu thudc vao ) lugong mat thoang cua
khéi d4 nd min. Cung mot chi tiéu thudc nd
MDDVDD s& ting khi ting s luong mit
thoang va ngugc lai. Khi nd trong dudng ham
guong mot mat thoang, MPDVDD bao gio

cung nho hon truong hop guong hai mat thoang
trong ciing mot diéu kién. Hé s6 anh hudng cia
mot mat thoang dén MPDVDD rit ra tr mod
hinh khi nd duwong ham mot miat thoang
Kb, xap xi 0,9. Két qua nay cho phép hoan
thién hudng ké thira thanh qua vé cac qui luat
MDDVDD khi nd ¢ diéu kién 19 thién, dé rit ra
cac qui luat MDDVDD khi nd trong duong
ham.
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SUMMARY
The effect of free surface on degree of fragmentated rock by blasting
in underground based on electrical explosion model
Vu Trong Hieu, Dam Trong Thang, Military Technical Academy

The degree on fragmentated rock is one of all technical and economic indicators of the
synthetic drilling and blasting. This issue was very interested in the drilling blasting on opencast
site, however, very little research on it in tunnel drilling blasting. On the other hand, the evaluation
of economic efficiency of the drilling explosion in the tunnel is not a comprehensive review of the
extent of the impact degree of smashing of rock and soil after explosion them on the economic
efficiency of the whole chain: drilling - explosion - loading - transport. Hence, this paper presents
the results of empirical research, analysis, evaluation and compared the degree on fragmentated
rock based on electrical explosion model between two cases explosion: one free surface and two
free surface. The empirical analysis allows evaluation law of fragmentated rock which depending
on the specific energy to destroy a unit volume of rock, which lead to obtain the coefficient
affecting of number of the free surface, as a basis for explosion theory to apply to the underground.
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