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Séng nd

Coéng trinh ngdm

Bai bdo trinh bay mot cdch ddnh gid tdc dong ctia séng né dén vé chéng cong
trinh ngam. Trong bai viét nay xem xét loai vé chéng dwoc tao nén tir cac
vong chéng dang hinh tru; dwoc ché tao tir bé tdng, bé tong cét thép hodc
dic bang gang. Cdc vong chéng ndy ¢é mdt cdt ngang dang vanh khuyén, cé
do day theo thiét ké va chiéu dai moi doan tir 1,5 dén 3,0m. V6 chdng dwoc
gid thiét ddt trong méi trwong cé bién dang lién tuc theo mé hinh dan hoi
hay dan - déo. Bai todn dwoc gidi bang phwong phdp gidi tich véi viéc dp
dung ly thuyét thay thé gdn diing dé tim nghiém. Két qud nghién cttu cho
thdy:

- Twong tdc gitka séng nd vdi vé chéng cong trinh ngdm xdy ra theo chu ky
va sw phdn bo teng sudt phu thudc vao chu ky dao dong riéng TO ctia két cdu
vong chéng dang tru va dang ctia ham tdi ngoai H(t) gdy nén do séng né tdc
dung vao bé mat két cdu chéng cong trinh ngdm.

- Nhitng két qud nhdn dwoc cho phép chinh xdc héa sw phdn bé trng sudt va
chuyén vi trong vong chéng; tir do cé thé kiém tra strc mang tdi ctia vong
chong dang tru ctia cdng trinh ngdm chiju tdc déng ctia séng do nd min..

© 2018 Trwdong Pai hoc M6 - Pia chit. T4t ca cac quyén dwgc bao dam.

1. M¢& dau

da dwa ra phwong phap sé dé tim nghiém gin
dding nhuw phwong phap phan t hitu han, phwong
phdp sai phin, phwong phip bién phéin

Bai toan vé tac dong ctia song n6 dén két cau
chong cta céng trinh ngdm xiy dwng trong moi
trwong dat da xung quanh 1a phirc tap va khong
phai liic nao cling dwa ra dwoc loi giai gidi tich mot
cach chinh xic va tong quat (Vlaxop, 1962;
Onbhiasvili, 1957; Panokhop, 1967; Liakhop, 1964;
Lé Dinh Tan, 2000; Nguyén Xuan Min, 2010;
Kutuzov, 1992).

DE giai quyét kho khan nay cac nha khoa hoc

“Tdc gid lién hé
E-mail: mannxdoky@gmail.com

(Argyris,1968; Zienkiewicz, 1970; Konyvkiado,
1974; Bath, 1978; Tran van Minh, 1998; Lé DPinh
Tan, 2000; Tran Pinh ChAau, 2004; Nguyén T4t
Ngan, 2010; D6 Ngoc Anh, 2018;...).

Trong bai to4n nay chung tdi ¢ gang di tim
loi gidi giai tich. D€ dat dwgc muc dich nay cac tac
gia da thuc hién phép don gian hoa bai toan bang
viéc chip nhan gia thuyét nhw sau: Maéi treong dat
da xung quanh c6 kha nang can tré bién dang cia
vong chéng cong trinh ngdm khi né chiu tc dong
cua tai trong déng do s6ng no sinh ra. Kha nang
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nay lién quan dén do clirng clia vong chéng va moi
trwdong xung quanh.

Duwéi day st dung ly thuyét vdo moment va
phwong phap bién déi ding dan cta Galerkin dé
tim 1o giai giai tich cho bai toan dat ra.

2. Thiét 1ap bai toan

Gia thiét ton tai lwc déng sung kich tac dong
theo phwong phap tuyén 1én bé mat két ciu chéng
cia dwong hdm do s6ng no sinh ra, theo quy luét
cong thirc (1) (Vlaxop, 1962).

(e B ) =P(a BLHD). (1)

Trong dé: a, B - 1a cac toa db cong truc giao,
lan Iwot theo hwdéng doc truc hdm va theo hwéng
vudng goc véi truc him; ¢ - bién thoi gian; Z(q, B, t)
- ham ctia 3 bién a, B va t; P(, B) - ham ctia 2 bién
a, B; H(t) - ham tai trong thay ddi theo thoi gian t.

Tir viéc xét bai toan cin bang dong ctia vong
chdng dang hinh tru din dén diéu kién théa man
hé gbm hai phwong trinh vi phan bac 4 doi véi hai
ham v6 hwéng: ham &ng suit ¢(a, f) va ham
chuyén vi w(a, B) theo Vlaxop (1962) nhw cong
thirc (2) sau (Vlaxop, 1962; Onhiasvili, 1957).

Lpa, _ pd?w _ o
{Ethp RSE=0

2 2
REL 4 pyiw + LR+ 2 — pipy
da g at2

(2)

Trong céng thirc (2), ngoai cac ky hiéu da biét
trong (1), thi: V*= (2 +2 #) - 12 toan tit
lwdng diéu hoa; E - mbé dun dan hoi cta vat liéu
bé tong lam vé chdng ham; H=H(t) - Ham tai trong
theo bién thoi gian t; y - trong lwong thé tich cta
vatliéu bé tong lam vong chéng, T/m3; D - d6 clirng
chong uén ctia ddm la hinh tru tron xoay c6 tiét
dién ngang 1a vanh khuyén, goi tat 1a do cirng tru
(Khai niém d6 ctrng tru hay do ctieng hinh tru khi
uén cta vo chong dang hinh tru tron ky hiéu la D
va dwogc xac dinh theo cong thire D = E.J; trong d6:
E- m6 dun dan hoi cha vatliéu; ] - Mo men tinh ctia
mit cit ngang cta két ciu dang tru c¢é dang vanh
Khuyén v&i bé day la b, xac dinh nhw sau: b = (d» -
dy), v&i dn -dudng kinh ngoai ciia vanh khuyén, d-
dwong kinh trong ctia vanh khuyén); ¢ = ¢(a, 8) -
ham &ng suit trong vong chong; w = w(a, B) -
ham chuyén vi ctia vong chdng; g - gia téc trong
treong; R - ban kinh ngoai ctia vong chéng hinh
tru; P = P(a, ) - bién do dao dong cda tai ngoai.

Nhiém vu dat ra la tim hai ham: ¢ = ¢(a, f) -

ham &ng suit va w = w(a, §) - ham chuyén vi thoa
man (2) va théa mén cac diéu kién ban dau cia bai
toan.

3. Giai bai toan

Lo gidi ctia (2) d6i voi ¢ = ¢(a, f) vaw = w(a,
B) dugc tim & dang (3), cu thé nhw sau:

{<P = Xm ZnAmn O)@mn(a, B);
W = Y Xn B ()W (a, B). (3)

Cacham ¢ = ¢(a, f) vaw =w(a, ) trong (3) la
cac chudi ham, ma cac hé s6 cta chudi 13 Amn(t),
Bpn(t) 12 cic ham cuia thoi gian t (d€ don gian vé
sau ta goi cac hé s6 d6 1a Amn, Bmn).

Néu biéu dién bién do dao dong clia tai trong
ngoai P = P(af) trong (2) dudi dang (4)
(Onhiasvili, 1957):

pP= Zm Zn Conn Winn (4')

v&i Cpn 12 cic hé sO cia phan tich Furie; va
trong trwedng hop tong quat dwoc xac dinh theo
cong thirc (5) sau day (Onhiasvili 1957,
Panokhop, 1967):

o Jp@p).wpydadp (5)
" [ whndadp

Cac hé s6 ctia cac chudi ham trong (3) dwoc
xac dinh sao cho théa man diéu kién bién cta cac
ham @mn va Wy , d€ c6 thé dap &ng t6t nhat hé
phwong trinh vi phan (2). St dung phwong phap
bién d6i dung dan ctia Galerkin (Onhiasvili, 1957)
thi cac phwong trinh vi phan & (2) dwoc bién doi
thanh (6) (Onhiasvili, 1957; Panokhop, 1967)

1 92
(ﬂ (HV“(/J —R—aavg) @.da.df =0
! REL 4 pyiw +
da?

yh 4 0%w
g at2

(6)
[ /S
N

Dua (3) va (4) vao (6) va chi y rang cac ham
@mn VA W 12 truee giao, ta bién doi va viét dwoc
nhw sau (3, 4):

A 92
ff (ﬁ ‘74<pmn — B R ;:;Tzrm) Pmn-da.df =0
A RM +
(msize

B, DV* +
mn Winn )Iwmndadﬂ -0 (7)

|
ff km R4 aZan

” H)W.da.dﬁ =0
—n'p

g at? Winn =

CoinR*Hw,,,

Trong (7): Amn, Bmn va Con 12 cic hé s6 can tim.
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Cactich phan (7.1) va (7.2) dwoclay trén toan
mién gi¢i han bdi cac bién a va B.

Trong (7.1) ta dat cac ky hiéu I, va I, thay cac
tich phan xac dinh; dat cac ky hiéu I, I va Is 1a cac
tich phan xac dinh trong (7.2); khidé (7.1) va (7.2)
dwoc viét dudi dang:

“% I — BRI, = 0 ®)
ApnRIs + By DL, + %R‘* Is = CpyR*HI;

9%2Bmn
at?

Chia hai v& ctia (8) cho Is va d& y ring: By, =
9%Bmn

EYERL ta co: (9)
Yhp4g' 4+ B (EhRZ Lls 4 p ’—4) =C, R*‘H
g mn mn 1115 15 mn
Ta ky hiéu:
2 223 L)_g
Win = (ERR i 15) - (10)

Chia ca hai vé ctia (9) cho (yh/g)R* va chu y
dén biéu thirc & (10) ta nhan dwoc:

gH

B‘r”nn + w‘rznann = Cmn )/_h

(11)

Trong (11): H = H(t) - 1a tai trong ngoai tac
déng vao vong chéng dang tru va thuong 1a ham
ctia thoi gian t do n6 min gy ra.

Nghiém riéng ctia phwong trinh vi phan bac 2
dang (11) sé la:

12
Byn (8) = 22 [T H (£) sin( @y (t — 7)) a'?

vh w?nn

Néu ta viét cho gon cac s hang cta chudi
bang viéc bé cac ky hiéu mn & chi s, titc 1a B=Bm,
W=Wmn, dong thoi 14y tich phan tirng phan cia
(12), sé nhan duorc:

B(t) = yﬁiz {H(t) —H0)coswt—

Jy H'(t) cos w (t — T)dt} (13)

DE tiép tuc gidi (13) can cho trwdc dang cla
ham H(t) tic dung nén bé mat cta két ciu cong
trinh ngdm. Dang don gidn nhit cia ham tai trong
ngoai do séng nd co thé 1y nhu sau (B.Z. Vlaxop,
1962)

Ht)=Po(1-t/Ty). (14)

Trong (14): P la gia tri caa tai trong ngoai tai
thoi diém tac dong cua song n6 dén bé mat két ciu
vO chong (g v&i thoi diém ban dau ¢ = 0; To - chu
ky tac dong cta tai dao dong dang séng do né. Ham
H(t) theo (14) 12 ham tuyén tinh déi vdi t.

Coéng thirc (14) minh hoa d6 thi trong Hinh 1.

P=Py(1- UTy)
Pu 4

0 t Ty t

Hinh 1. Dang ctia ham H(t) - Ham tuyén tinh
ctia t va phdn bé dang tam gidc

Theo (4) thi ham H(t) dwoc tinh theo cong
thirc (15). Pay la ham phi tuyén dang parabol bic
2 do6i voi t. Theo nghién ctru thuc nghiém va ly
thuyét ctia (Liakhop 1964) thi dang ham H(t)
dwoc xac dinh theo cong thirc gin dung - ban thuc
nghiém nhw sau (Liakhop, 1964):

H) =2P (1-t/Ty)? (15)

Ciing theo (Liakhop, 1964) thi dang ham (15)
da xét dén dac diém cua song téi va song phan xa
v&i viéc coi vong chong 1a két cdu cirng. Nhw vay
dang ham (15) pht hop véi thue té hon (14).

Céng thirc (13) c6 ké dén ham H(t) tinh theo
(15) cho ta:

2
9C (1—T—t0) —coswt+
B(t)=y’172Po 2(1_i)smwt (16)
To/ wTy
Phan tich cong thirc (16) cho thiy thanh phan

(_y}gls,z 2P 0) & ngoai ddu ngodc nhon chinh 12 1o

giai cia bai toan tinh &ng véi tai trong ngoai tac
donglén két cdula P = 2P,.

Ta ky hiéu biéu thirc bén trong ngoic nhon
bang u:

2 )

( t
_J(l—T—O) —coswt+
u=

t\sinwt
2(1-7)
L Ty/) wTy

Nhw vy u trong (17) vé y nghia vat ly duoc
xem la hé s6 ddng cla tai ngoai dang parabol bac 2
cho trong (15).

Bién ddi biéu thirc (15) nhw sau:

H(t) =2Py(1- t/Ty)? = 2.(1- t/Ty).(Po.(1- t/Ty)) = k
(Po(1-t/Ty)); véi: k=2(1-t/Ty)

Néu dat: k = coswt, khi d6 (17) c6 thé viét duédi

dang (18):

L (17)

H(t) = coswtPo(1-t/Tp) (18)
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Khi d6 thay (18) vao (17) va bién déi cho ta:
wt—sinwt
u(k) = {1 —coswt— w—} (19)
0

Nhw vay biéu thirc (16) dat cuwc tri khi (k)
tinh theo (19) cling phai dat cwc tri. Diéu d6 c6 thé
dat dwoc khi o6 thé tim dwoc t; d€ théa man (20):

wt-sinwt

du(k) _ d{l—cos wt—inO } _

dc . =0 (20,)
Duwéi day trinh bay ngan gon (bd qua cac bién
déi trung gian don gian) cach giai (20):
wt—sinwt
du(k) ~ d {1 —coswt— a)—To} _(201)
dt dt B

& (Tow.sinwt + coswt) =1

bat: (22)
cosa = (wTo)/(wToP+1)%% sina = 1/((wTp)?+1)0°
Khi dé: (21) & (23)
(cosasinwt + sinacoswt) = sin(a+wt) = sin(m/2)
Nghiém cuda (23) nhu (24) (24)
t=((n/2 4 @)+2in) Jew; vOiri = 0, +1, 42, 43

Tir cac so liéu dau vao 1a w, Ty ta sé tinh a theo
(22), sau do6 dwa a tinh dwoc va cho cac gid trii =
0,+1,+2, +3,..vao (24) ta sé tinh dworc titwong rng
theo; con gia tri T = t; To.

Cac gia tri p va u(k) tinh theo (17) va (19) cho
trong cac Bang 1 va Bang 2 duwdi day.

Bdng 1. Gid tri u tinh theo T; theo cong thirc (17).

0,75 | 1,00 | 2,50 |> 2,55
To To To Ty

ul 040 | 093 | 1,18 1,30 178 <20
Ty - chu ky dao dong riéng cia két cdu vong
chong dang tru

Ti 10,25 To|0,50 To

Bdng 2. Gid tri u(k) tinh theo t; theo c6ng thirc (19).
t 1025|040 |043| 045 | 0,48 |<0,50
u(k) 10,64 | 1,20 | 1,43 | 1,55 | 1,88 | <2,0

Trén co sé Bang 1va Bang 2, xay dung biéu do
thé hién quy luit bién doi cia hé s6 dong cda tai
trong 1 c6 quy luat dién ta theo (17) tinh theo Tiva
hé s6 u(k) c6 quy luat dién ta theo (19) tinh theo ¢
khi biét chu ky dao dong riéng Ty cla két ciu vong
chdng dang tru (Hinh 2).

4. Két luan
Tir Bang 1, Bang 2 va Hinh 2 cho thiy: Hé s6
o (R

2.5
2 2 ,_.J
15 —— /
- /"
0.5 -1
0
0 1 2 3| (T (1

Hinh 2. Biéu do quan hé gitva . vdi (T;/T) va gitka
u(k) voi (ti)

déng u cua tai trong dong do séng ndé giy nén
trong moi tredng hop cia ham H(t) s€ khong vurot
qua 2,0. Ttr quy luat bién doi ctia u sé cho ta quy
luit bién d6i cha B(t) va suy ra quy luat bién doi
cda cac ham tng suit ¢ = ¢(a, f) va ham chuyén
viw =w(a, ).

- K&t qua nghién ctru cho thiy twong tac gitra
song no véi vo chdng cong trinh ngdm xay ra theo
chu ky va sw phan bé trng suit phu thudc vao chu
ky dao dong riéng ctia két cdu vong chong dang tru
Ty va dang cia ham tai ngoai H(t) gdy nén do song
no tac dung vao bé mat két cu chong céng trinh
ngam.

- Nhitng két qua nhan dwoc cho phép chinh
xac hoa sy phin b &ng suit va chuyén vi trong
vong chong; tir 6 c6 thé kiém tra strc mang tai cua
vong chong dang tru cla cong trinh ngdm chiu tac
dong cia séng do né min.
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ABSTRACT

Interaction of explosive waves with underground support
Nam Thanh Nguyen !, Man Xuan Nguyen 2°, Phong Duyen Nguyen 2

1 State Authrity of Construction Economics, Ministry of Construction, Vietnam
2 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam

The aim of this paper is to examine the influences of waves caused by blasting on the mechanical
behavior of tunnel support structures. Circular cylinder structure, made from concrete, reinforcement
concrete and cast-iron, was taken into consideration. Length of each cylinder is of (1.5+3.0) m, and its
thickness is designed of (0.3+0.4) m. The cylinder struture was assumed to be placed in elastic and
elastoplastic medium. Both mathematical analysis method and ricardian equivalence theory were
utilized to conduct this research. The study show that the interaction between tunnel support structures
and blast waves is cyclic, the stress distribution under blasting effect depends on specific oscillation
frequency, TO, form of external load function H(t) induced by blast wave acting on surface of support
structures. The finding of this research contribute to the estimation on stress distribution and
displacement of support structure deveploped in circular cylinder structures, susequently load carrying
capacity of tunnel supports induced by blast vibration.



