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TOM TAT

Trong thi céng duwong hdm khdu do nhé bang khoan né cé nhiing khéc biét vé cach st dung phuong
tién thi céng do khéng gian thi céng hep, khéng thé bé tri céc phuong tién thi céng cé cdng suét I6n ma
cén phai str dung céc thiét bj nhd pht hop véi khdu d6 hdm. Do vay dnh hudng cta céc sw cd huw hdng
trang thiét bj ciing khéng giébng nhw trong thi cdng dudong hdm Ién. Bai bao trinh bay nhitng két qué chinh
cta viéc str dung cdéng cu mé phéng dénh gia dnh hudng cia sw ¢d phuong tién, thiét b thi cong téi toc
doé dao duong hdm khau do nhé bang khoan né. Két qua tir vi du sé cho thady dnh huéng clia mirc sw cb
ttrng loai thiét bj thi cong va té hop thiét bj thi céng dén téc do dao hdm khau do nhd. Péy la nhing théng
tin can thiét dé céc can bé phu tréch thi cong hdm ra quyét dinh phu hop véi diéu kién cu thé dua trén

néng luc thiét bj thi céng.

T khda: mé phdng, EZstrobe, duong hdm khdu d6 nhd, phuong phap khoan né.

1. DAT VAN BE

Thi cdng dao hdm bang khoan né la mét cong
nghé thi cdng co tinh co gi¢i héa cao, trong dé s
dung chi yéu cac thiét bj co gioi trong hau hét cac
coéng doan thi céng. Trong cac coéng bd [1], [2] tac
gia cling noi vé cac hé sb hiéu qua lién quan dén
thei gian dirng cac qua trinh thi cdng do cac yéu tb
khéng ludng tredc duwge, md hinh mé phéng nhdm
phan tich ndng suat dao ham theo cac dau vao
ngau nhién da dwoc tac gid xay dwng va gidi thiéu
[3], [4], cong bb [5] tac gia cling da tién hanh phan
tich &nh hwéng cutia cac sy cd thiét bi thi cong dén
n&ng suat dao ham trong cac dwdng ham khau do
I&n. Trong cong bé [7] tac gia cling gidi thiéu vé st
dung cong cu mé phdng trong phan tich téc do dao
ham cla dwdng hdm khau dd nhé. Nghién ctru trén
cling chi ra rang thiét bi s& dung trong thi cong
dudng hdm khau dé nhd c6 nhirng khac biét so voi
khi thi cong cac duweng hdm cé khau dd 16n, do vay
&nh hwéng clia cac sy cd hw hdng cac thiét b thi
coéng dén tbc dd dao hdm sé& cé nhiing khac biét
can quan tam.
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Bai bao nay sé& phat trién t&» cac mé hinh da
thiét lap & cac cong bd [5],[6] dé danh gia anh
hwdng cla cac sy cd thiét bj thi cdbng dén nang
suat dao ham.

2. DI LIEU VA PHUONG PHAP NGHIEN CUrU

2.1. M6 hinh mé phéng phan tich nang suéat dao
ham va anh hwéng cta sw cd thiét bi thi céong
Cac md hinh dugc xay dyng trén EZstrobe la
mot hé thdng md phdng sw kién roi rac dua trén
cac So dd chu trinh hoat déng (Activity Cycle
Diagrams) mé rong va co chu thich. Hé thdng nay
str dung céng cu mo phéng clia ngoén ngl lap trinh
mo phdng da nang STROBOSCOPE va ciing tuan
theo mdé thirc mé phdng quét hoat dong ba pha.
EZStrobe & moét trong cac ky thuat cé tiém nang
nhét dé& cung cap co hdi kham pha cho cac nha
nghién ctu cling nhw kha nang thwc hanh cho
nhirng ngudi lam céng tac quan ly, diéu hanh trong
linh vuwe xay dung [6]. Cac nha nghién ctu co thé
dé dang tai chwong trinh EZstrobe cung vé&i cac
hwéng dan st dung chi tiét trén trang web cla gido
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su Photios G. loannou tai dia chi: www.ioannou.org
hoac www.ezstrobe.org.

M6 hinh xac dinh céng nghé dao ham bang
khoan nd da dwoc trinh bay tai [1] cling nhw tham
khdo cac nghién ctru cing chd dé, quy trinh dao
ham theo phwong phap khoan né s dung gia cb
béng neo va phun vira bé tdng dwoc chi tiét hda
dén tirng buwdc cdng viéc nhd dé phu hop véi viée
md hinh héa.

M6 hinh co ban da dwoc xay dwng dwa trén
phwong an thi cong toan gwong va sau doé da phat

trién thanh cac mé hinh trong cac trwéng hop cu
thé khac phuc vu cho phan tich, khdo sat cac
phuwong an thi cdng. Két qua, mé hinh co ban dwoc
trinh bay trong [3] d& dwgc xac nhan sy chinh xac
va da dwoc phat trién dé phan tich nang suéat dao
ham theo cac phwong an dao chia gwong cho két
qua kha quan [4].

Trén Hinh 1 c6 thé thdy M6 hinh mé phdng
phan tich ndng suat dao ham véi phan khic hep
duwoc xay dwng dé phan tich ndng suat dao ham
khau d6 nho [7].
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Trén Hinh 2 c6 thé thdy M6 hinh md phéng phan tich anh hwéng clia cac sw cb hu héng thiét bi trong

thi cong dwdng ham khau dd 16n [5].
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Hinh 2. M6 hinh mé phéng da mé hinh héa qua trinh van hanh cac thiét bij thi céng chu yéu
c6 xét dén kha ndng sw cé théng thuwong

2.2. M6 hinh mé phéng danh gia anh hwéng cua
cac sw cd thiét bj thi cdng trong thi céng dwéng
ham khau do6 nhé

EZStrobe cho phép m6 hinh héa céac kich ban
khac nhau theo (rng xr clia hé théng, Bang cach
két hop s dung mé hinh phan khuc hep va st
dung theo kich ban “Diéu gi xay ra néu” véi chirc
nang phan nhanh xac suét (Probabilistic Branch)
va wéc tinh thdi lwong cla cong viéc dwgec md
hinh héa bang cach s dung cac tuy chon “Tham
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sb va Két qua” (Parametering and Results) dé xay
dwng m6 hinh mé phéng danh gia anh hwéng cla
céac sw ¢ thiét bj thi cong khi dao dwerng hAm khéau
do nho.

Trén Hinh 3 c6 thé thAy phadn mé hinh phan
khuc hep nay ctia ACD EZStrobe (khu virc nét duet
thé hién VAN CHUYEN DAT DA) bao gébm céac nat
sau: LdTruck, TrnspTrckTm, CoTruck, EmptyCar,
MnvrTrckTm, MnvrTrck1Tm.
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M6 hinh héa va danh gia tac dong cla tinh
trang ky thuat ctia phuwong tién/thiét bi thi cong (goi
chung la thiét bi thi cong) t&i tbc dd dao ham. Xem
xét viéc cac thiét b thi cong chi yéu cé thé bi hdng
héc théng thudng, tire 1a cac héng hdc cé théi gian
khac phuc tlr 20 phut dén 40 phuat va duoc lay la

khac. Kha nang bi héng (xac suét sw cb) va xac
suét lam viéc binh thwdng khi st dung cac thiét bi
thi cong nay nay duwoc xac dinh nhd phan t& Fork
va cac lién két nhanh (Branch Links) tao ra tir né.
Khdi phan nhanh xac suat hw héng xe tai, may xuc
(khu vuc nét dat thé hisn NHANH XAC SUAT HU

phan phéi déu. Nhirng trwéng hop héng néng, thdi  HONG).
gian nay twong dwong vo&i viéc thay thé thiét bi
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Hinh 3. M6 hinh mé phéng da mé hinh héa qua trinh van hanh cac thiét bi thi cong chu yéu
c6 xét dén kha ning sw c6 théng thwong khi thi cong dwong ham khau dé nhé
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Trong thi cong dao hadm khiu do nhd béng
khoan né (chu ky dao), c6 3 loai thiét bi chi yéu
nam trong 2 giai doan quan trong cla chu ky dao
ham, d6 la may khoan trong giai doan khoan 16
min, may xUc va xe van chuyén dat trong giai doan
bdc xtc - van chuyén dat da thai.

2.3. Trwroong hop nghién ciru

C6ng trinh dwoc str dung d& moé phdng la mot
duwong hdm chuyén dung téng chiéu dai dwong
ham theo truc 13 829,85 m, tuyén dwéng cong vu
va co déng la 134,5 m va 87,5 m, kich thuwdc tiét
dién doan ham thong thwong 1a 1,2x2,2 m (réng x
cao) va 1,5x2,7 m, kich thwéc cac buéng mé réng

la 3,5x2,7 m va 4,5x3,4 m, dia chat khu vuc dao
ham chinh chi yéu la trong dat da loai B. Phwong
phap thi cong 1a phwong phap khoan né toan
guwong, van chuyén bang xe chuyén dung, chéng
tam bang thi cong s dung thép hinh, buéc tién
gwong 1 m, khi van chuyén tai 1 thoi diém chi co
thé c6 01 xe di chuyén trong hdm. Trong nghién
clu nay mé phéng téc d6 dao cho doan co dién
tich gwong dao doan ham thdng thwéong 14 8,05 m2
trong dat da loai B cach clra hAm la 80 m, khoang
cach tlr vi tri ctra ham dén bai thai dat da la
134,5 m.

Trén Hinh 4 c6 thé thay chu ky céng doan thi
cbng.
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Hinh 4. Quy trinh thi cong dao ham béng khoan né

Thiét bi s dung gébm: 02 may khoan Y26,
duong kinh khoan d42; 01 may xuc chuyén dung,
dung tich gau 0,2 m?3; 03 xe tai véi dung tich 0,8
m3; Téc do xe di chuyén trong hAm trung binh 1a 5
km/h; ngoai hdm 1a 10 km/h, nhan céng 11 ngudi.

2.4. Chuéan bj di¥ liéu cho mé hinh
D lieu md hinh dwoc 13y theo [7], Cac bién
dworc trinh bay trong Bang 1.

Bang 1. Cac bién vé tai nguyén str dung trong mé hinh

T M6 hinh bién Ky hiéu bién Gia tri
1 | Sb lwong xe ché dat nSoilTr 3

2 | Strc chira cla xe tai (m?®) TruckCap 0,8
3 | S6 lwgng xe ché vat liéu chdng tam nMatTr 1

4 | Sb lwgng may xuc nLdrs 1

5 | Sé lwgng may khoan nJumbo 2

6 | S6 nhan cdng lam viéc trong mot chu ky nCrew 11

7 | Sé lwong dat da dao pha trong mét chu ky (md) SoilAmt 7,2
8 | Lwong dat da dao dwoc (m?) ExcvSoil n.a.
9 | Lwong d4t dé tai khu vwe xr ly dat (md) DmpdSoil n.a.
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Phan phdi xac suét thoi lwong cda tirng hoat
dong st dung trong mé hinh mé phéng dwoc trinh
bay trong Bang 2. Dwa trén cac sé liéu thu thap va
tham kh&o y kién clia cac can b truyc tiép thi cong

trén cong trwdng, tién hanh phan tich thdng ké, tac
gia di t&i quyét dinh st dung moé ta da sé cac thoi
lwong hoat déng theo phan phdi tam giac
(Triangular).

Bang 2. Phan phéi xac suat th&i lwong cua cac hoat déong str dung trong mé hinh

TT M6 hinh hoat dong Ky hiéu bién Gia tri (phut)

1 Lép dat may khoan PlcngdmbTm Triangular [2,2.5,3]
2 Khoan 16 min DrillTm Triangular [90,105,120]
3 Di chuyén may khoan DsplingdmbTm Triangular [2,2.5,3]
4 Stra chira may khoan RepJumboTm Uniform [5,10]

5 | Nap thudc nd LdgExplTm Triangular [15,20,25]
6 No va théng gié BlstnVntitnTm Triangular [20,25,30]
7 | Sap xép xe tai dat vao vj tri MnvrTrck1Tm Triangular [1,1.5,2]
8 | Bbc xuc dat da 1én xe LdSITm Triangular [4,5,6]

9 | Van chuyén dét da thai trong hAm TrnspTrckTm Triangular [1,1.5,2]
10 | Van chuyén dat da thai ngoai ham TrnspTrck1Tm Triangular [1,1.5,2]
11 | D6 bd dat da thai UnldSITm Triangular [1,1.5,2]
12 | Xe tai dat (réng) vé vi tri cho TrnspTrck1Tm Triangular [1,1.5,2]
13 | Xe tai réng di chuyén trong hAm TrnspTrckTm Triangular [1,1.5,2]
14 | Choc om MnIScingTm Triangular [9,10,11]
15 D& vat liéu chéng tam khai xe UniLnngTm Triangular [35,40,45]
16 | Chéng tam duwéng ham LnngTnnITm Triangular [25,30,35]
17 | Khdo sat danh dau 16 khoan SrvyTnniTm Triangular [5,7,9]
18 M& rong hé théng phu tro ExtndngSrvesTm Triangular [3,4,5]

3. KET QUA VA THAO LUAN

V6&i cac md hinh da phat trién, tién hanh chay
mo phdng dé khao sat vé téc do dao ham khi cé sw
cb thong thwong, céc thiét bi thi cong phai ngirng
nghi dé stra chira (thdi gian tir 20 dén 40 phut, biéu
di&n bang phan phéi déu) véi cac tinh huéng sau:

- Tac déng cua tirng loai thiét bj thi cbng bi sw
cd riéng ré; trwong hop dai dién: phwong an thi
cbng toan gwong;

- Tac dong cha thiét bi thi cong bi sw ¢ td hop
(nhiéu loai cuing bi sy cb).

il SO 1-2025

3.1. Tdc ddng cua tirng loai thiét bi thi céng bj
sw c6 riéng ré

Khao sat nay la danh gia mirc dé tac déng cla
tinh trang ky thuat tirng loai thiét bi thi cong dén tbc
dd dao hdm. Trong trwdng hop nay, khi khao sat
v&i mdi loai thiét bi thi cac loai con lai xem nhw
khéng bi sw cd (xac suat sw cd P = 0%). Mirc sw
cb (xac suéat sw cd) danh gia tv 0% dén 10%. Tai
mdéi mirc sw ¢b, chay md phdng véi sé mau la
10.000. Két qué dwoc thé hién trong Bang 3.
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Bang 3. Két qua mod phoéng téc do dao hdm khau doé nhé khi cé s cb tirng loai thiét bi

Téc doé dao ham khau dd nhé khi cé sw cé tirng loai thiét bi (m/8h)

Murc sw cd (%) May xtc May khoan Xe ch& dat
0 1,49987 1,49987 1,49987
1 1,49894 1,49964 1,49975
2 1,49828 1,49926 1,49950
3 1,49795 1,49873 1,49933
4 1,49720 1,49829 1,49927
5 1,49611 1,49801 1,49921
6 1,49545 1,49745 1,49913
7 1,49446 1,49710 1,49911
8 1,49345 1,49696 1,49893
9 1,49286 1,49671 1,49874
10 1,49254 1,49631 1,49821

T két qua Bang 3, trén Hinh 5 ta c6 thé dé d& dang nhan biét, anh hwdng ctia mirc sw cd tirng loai

thiét bi/may thi cong dén téc d6 dao ham.

ANH HUONG CUA TUNG LOAI SU CO THIET Bl THI
CONG PEN TOC DO DAO HAM

0.6
0.5

& May khoan
0.4 B May xuc

MUC TACDONG (%)

Xe tai
0.3

6 8 10 12

MUC sy cO THIETBI (%)

Hinh 5. Biéu d6 anh hwéng ctia mirc sw c6 tirng loai thiét bi thi cong
dén téc do dao ham khau do nho

Két qua cho thay, sw ¢ hw héng may xic céd
&nh huwdng manh nhét dén tbc do dao sau do la
may khoan, &nh hwéng cla sw cb xe tai dén tbc do
dao la thap nhéat. Twong tw nhw ddi véi dwdng ham
khau d6 I&n anh hudng clia sy cb xe tai it hon so
véi 2 thiét bi con lai, dbi véi trudng hop nay ta thay
anh hwdng cla sw cd may xuc dén tbc d6 dao ham
I&n hon so vé&i anh hwdng clia may khoan. Diéu

Website: https://tapchi.hoimovietham.vn

nay co6 thé ly gidi b&i trong dwdng hdm khéu do
nho viéc ach tdc & khau xtc dat da 1én xe sé anh
huwéng nhiéu dén tbc d6 van chuyén do doan van
chuyén trong hdm hep chi c6 1 xe co thé di qua,
thdi gian bbc xuc van chuyén dat mat nhiéu thoi
gian hon va do vay anh hwéng ciing sé I1&n hon.
Déi v&i xe van chuyén dat da, tac dong do s cb
ky thuat théng thwdng dén tbc dd dao ham réat it.
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Do la do xe duwoc st dung theo doan, sb lwong
duoec tinh toan phu hop véi tbe d6 bbc xuc, do vay
nang lwc lam viéc clia doan xe co tinh du tri, thoi
gian stra chira ngan, nén néu cé xe bi hw hdng phai
stra chira thi sy nglrng nghi ctia né cling chwa du
lam xao trén manh hoat déng clia ca doan xe trong
sw phdi hop vé&i may xuc, tir d6 it tac dong dén thoi
gian van chuyén dat da nai riéng.
3.2.Téc déng cua sw c6 doéng thoi nhiéu loai
thiét bj (sw c6 té hop)

Trong qua trinh thi cong trong mét chu ky dao
ham c6 thé c6 tinh hudng 1a sw ¢b hw hdng xay ra

& hon 1 thiét bi. Day l1a tinh hudng c6 thé xay ra va
tac dong nhiéu dén hoat déng dao ham, dac biét
trong cac céng doan ma cac thiét bi hoat déng phéi
hop nhuw béc xic - van chuyén dat da, hay trong
cac giai doan ma déng thdi nhiéu xe, may cung
hoat déng.

Trong khao sat nay, cac thiét bj thi céng co thé
xay ra hdng hdc véi cac xac suét hdng khac nhau.
Trén Hinh 6 ¢4 thé cho thdy murc tac dong dén tbc
dd dao ham trong cac tinh hubng d6 & dwérng ham
khau dd nhd.

ANH HUONG CUA 16 HOP SI¥ CO THIET Bl THI CONG
PEN TOC PO PAO HAM

0.7 & Xe tai+ Khoan

B Xe tai+ May xdc

MUC TACDONG (%)

Mady xuc + Khoan

MU' C SU CO THIET Bl (%)

Hinh 6. Biéu dé anh hwéng ctia mirc sw c6 td6 hop thiét bj thi cong dén téc do
dao ham theo phwong an toan gwong

Xem xét trén biéu d6 c6 thé thdy anh huwdng
clia may xuc dén téc dd dao ham, & ca 2 té hop co
sy hw héng may xuc (Xe tai + may xic; May xuc +
khoan) trén Hinh 6 déu cho thay &nh hwéng 16n
dén téc dd dao ham so véi td hop con lai, diéu d6
cho thay rd sw chi dao ctia may xuc trong chu ky
thi céng dao ham. Khi cac loai thiét bi thi cdng cuing
c6 sw cd, mlrc tac déng chung twong dwong téng
cla murc riéng may khoan va murc riéng may xuc
do hai loai may nay thwc hién céng tac déc lap voi
nhau trén hai céng doan khac nhau.

4. KET LUAN

> Trong thi cong dao ham ndi chung va thi
cdng dao ham khau dd nhd néi rieng bang khoan
nd &nh hudng cla sw c6 huw héng méi thiét bj thi
cong theo cach khac nhau sé anh huéng dén tbc
dod dao ham. Trong d6 cac thiét bj thi cong chi dao

m SO 1-2025

nhw may xdc, may khoan sé anh hwéng Ién hon
dén téc dd dao ham, do dé trong qua trinh chuén
bi thi cdng can ¢é phwong an han ché hw héng cta
céc thiét bj trén hoac can gidm thiéu thoi gian stva
chira, thay thé thiét bi d& nhanh chéng dua thiét bi
vao thi cdng nham han ché anh hwéng dén téc do
thi cbng;

> Viéc sir dung mé phéng qua trinh thi cong
dao ham khau dd nhé véi viéc khdo sat anh hwéng
cla cac sy cb thiét bi thi cong sé gilp ngwdi chi
huy thi cdng cé thé xem xét dua trén néng lwc thi
cobng hién c6 dé danh gia vé cac khd nang hoan
thanh dw an theo thdi gian mong muén. Néu st
dung nhiéu phwong an dé so sanh thi birc tranh
cang sang rd, gilp cho nguwdi quan ly dwa ra quyét
dinh phu hop véi thuc té. Diéu nay véi mé hinh xac
dinh 1a rat khé khan O
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ABSTRACT

In the construction of small cross section tunnels by drilling and blasting, there are differences in the
use of construction equipment due to the narrow construction space, which cannot accommodate large-
capacity construction equipment, but requires the use of small equipment suitable for the tunnel aperture.
Therefore, the impact of equipment failures is not the same as in the construction of large tunnels. The
article presents the main results of using simulation tools to evaluate the impact of vehicle and construction
equipment failures on the advance rate of digging small cross section tunnels by drilling and blasting. The
results from the numerical example show the impact of the level of failures of each type of construction
vehicle and construction vehicle combination on the advance rate of digging small cross section tunnels.
This is necessary information for the officers in charge of tunnel construction to make decisions
appropriate to specific conditions based on the capacity of construction equipment.

Keywords: Simulation, EZstrobe, Small cross section tunnels, Drill and blast method
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