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‘ﬂ. XAY DUNG CONG TRINH NGAM VA MO

TOM TAT

Thi céng theo so dé chia guong duoc xem la diéu can thiét dbi véi cac dwong hdm hodc céng trinh
ngém cé kich thudéc I6n va didu kién thiét bj str dung khéng cho phép dao toan guong. Trong nghién
ctu nay, céng cu mé phdng roi rac duoc st dung dé phan tich ndng suét dao hdm theo cac phuong
an chia gwong dao. Tir diéu kién thi cong ctia dwong hdm Béo Ca&, cac phwong an thi cong chia guong
duoc dé xuét va duoc mé hinh héa. Két qué cho thdy cac phuong an thi cong chia guong déu lam téng
tbc d6 dao hdm so véi phwong an thi cdng toan guong. Tuy nhién, do bét dinh trong céc phwong én sé
la mét yéu té quan trong dé nguoi quén ly cén nhéc khi dua ra quyét dinh lua chon cudi cung.

Tir khoa: durng hdm, céng trinh ngdm, mé phdng roi rac, téc do dao, khoan né.

1. DAT VAN BE

M6t trong nhitng yéu td quan trong nhét anh
hudng dén quyét dinh lva chon phuong an thi
céng ham la théi gian va chi phi xay dwng [1]. Thoi
gian xay dwng cé anh hwéng I&n dén chi phi xay
dung dwérng ham, vi mét phan dang ké cla chi
phi bao gébm chi phi nhan céng va may xay dung
phu thudc vao th&i gian [2]. Thoi gian va chi phi la
nhitng yéu t& quyét dinh dén nang suét dao ham.
Vi thé, ndng suét dao hdm 1a mét chi tiéu quan
trong, dwoc nguodi lam cong tac xay dwng ham
dac biét quan tam.

Thi céng ham theo phwong phap truyén théng
hodc phuong phap NATM, tuy theo diéu kién dia
chét, diéu kién trang bi thi cong, tién dd thi cong va
hiéu qua kinh t& ma ngudi ta cé thé dao ham theo
phuong phap toan méat cét hoac phan chia guong
dao thanh trng phan dé thi cong. V&i tirng dy an
cu thé, nguoi thiét ké thi cong sé lwa chon so d6 ly
thuyét dé van dung, cai tién so' dd ly thuyét cho phu
hop. Tuy thé, cac dé xuét lwa chon so d6 thudng
mang tinh kinh nghiém, chwa dwa trén cac cong cu
phan tich khoa hoc, chat ché nén thiéu tinh thuyét
phuc.

Mb phdng qua trinh xdy dwng cho phép tao ra
mét ban sao do clia mét cong trwong xay dwng da
c6 hodc theo ké hoach. Viéc phan tich chi tiét cac
quy trinh xay dwng va cac cong tac bao dam cho
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xay dwng v&i s ho tro clia cac mé hinh md phéng
tao ra sy hiéu biét tét hon vé viéc xac dinh nang
suat. Mac du cac nghién ctru mé phdng da dwoc siv
dung thanh cdng trong viéc lap ké hoach cho cac
dw an xay dwng dudrng ham, song viéc st dung moé
phdng thueng chi tap trung & 1ap ké hoach cap cao
cho muc dich quan ly chién lwoc. Viéc ap dung mé
phdng nhu mét cong cu dé cai thién cac qua trinh &
cép db trién khai chi tiét con kha han ché [3].

Trong nghién ctu céng bd gan day [4], nhém
tac giad da trinh bay cac ndi dung nghién clru s
dung phan mém EZStrobe d& mé phdng qua trinh
dao ham bang phwong phap khoan nd. Két qua cho
thay sw phu hop clia hé théng mé phdng nay trong
hoat dong xay dwng hAm. T co s& cliamd hinh da
thiét 1ap duo'c, trong bai bdo nay sé phat trién cac
md hinh mé phdéng twong &ng véi cac phuong an
chia gwong va thuc hién phan tich nang suét dao
ham cutia cac phuwong an thi cong do.

2. NOI DUNG NGHIEN clru

2.1. Co s& ly thuyét cda thi céng dao ham
theo phwong phdp chia gwong dao

Cdng nghé thi cdng ndi chung va céng nghé thi
céng hdm béng khoan nd ndéi riéng thuwerng duoc
md ta theo hai yéu t6 co ban la:

- So dd dao hay phwong thirc dao;

- So db thi céng hay phwong thirc thi cong.
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Néu nhv so d6 dao phdn anh trinh ty hay
phwong thire khai dao trén gwong dao (hay trén mat
cét ngang clia cong trinh) thi so' @b thi cong biéu thi
phwong thire phdi hop cac cong tac, kj thuat duoc
thuc hién doc theo truc thi cong ctia cong trinh ngdm
(hay trén mat cat doc clia cdng trinh).

Theo phuong thirc khai dao trén guwong cé thé
phan ra hai nhom chinh la dao toan gwong va dao
chia guong.

Néu nhuw trudc day dao toan gwong duoc hiéu
la dao déng thdi toan bé mat cat gwong trén cung
mot méat phang, thi ngay nay dwoc hiéu theo nghia
rong hon, cu thé la:

- Dao dbéng thoi toan bd gwong trén cing mot
mat phéng, nhuv nd min toan gwong, khoan toan
guwong bang may TBM, may khién dao, may khoan
ham nho;

- Pao toan bd guwong phan bac ngén, sau dé
chéng tam toan bé ving duoc dao dong thdi, vi
du khoan nd min, hay dao cat bang may tirng bac
ngan.

Ba nguyén nhan co ban dan dén phai dao chia
gwong la [5]:

- Thoi gian ton tai 6n dinh khéng chdng clia khéi
da khéng di Ién dé dao toan gwong.

- Nhu cau vé thoi gian dé Iap dwng két cu bao
vé khi dao toan guwong khéng twong xieng voi thoi
gian 6n dinh clia khéi da (mdi quan hé véi thdi gian
ton tai, khau do thi cong).

- Céactrang thiét bi, nhw xe khoan hodc san cobng
tac, may dao 16 va may cét..., khéng bao quat duoc
toan bo tiét dién (tiét dién dao I&n so véi nang luc
cla thiét bi thi cong); may xdc béc khéng cé cong
suat hop ly cho toan bd chu ky dao, do vay phai
chia guwong.

Viéc chia gwong ciing thueng bi chi phéi béi cac
diéu kién dia chét, dia chét thuy van va dia co hoc.
Nhw vay viéc chia gwong dao, khi gap céc tiét dién
I&n, trwde kia cha yéu 1a do kha nang diéu khién
khdi da con bi han ché. Vé&i cac loai vat liéu chéng
tam thoi d6, chi yéu |a khung gb hop hay khung
danh khuén, chi cho phép dao voi tiét dién nhé.
Ngay nay, viéc chia tiét dién gwong chiu quyét dinh
chinh b&i hiéu qua kinh t& va st dung céc trang
thiét bj thi cong.

Mét sb phuong phap phan chia guwong dao
trong thi cong ham dién hinh la [5]: dao vom trudc;

dao twong trwdc; dao kiéu bac thang ding; dao
kiéu bac thang ngang.

Dé tién hanh thi cong theo phwong phap khoan
nd, trwdc hét ngudi ta cdn xem xét lwa chon so
dd dao (dao toan gwong hay dao chia guwong...),
réi sau do tién hanh lwa chon cac trang thiét bi thi
cong, trén co s& do tinh toan cu thé chinh xac cac
tham s6 thi cong khoan nd, 1ap ho chiéu khoan nd
min va tién hanh thi cong khoan né theo hé chiéu
khoan né da dwoc duyét, sau khi tién hanh khoan
nd can tién hanh thong gi6, béc d&, van chuyén
d4t da, chéng tam va thi céng vé ham... Qua trinh
thi cong cla tirng céng doan ludn co lién hé chat
ché v&i nhau, bat ky sw phdi hop khong &n y gitva
cac cong doan thi cong sé ludn anh hwdng téi hiéu
qua thi céng chung cla ca cong trinh. Ngoai viéc
tinh toan lwa chon céac théng sb khoan nb thi viéc
nghién ctru moé phéng qua trinh thi cong tirng cong
doan dé dwa ra céc giai phap thi cong hop ly la hét
strc can thiét.

2.2. Cac phwong an thi céng chia gwong dao
dwong ham Déo Ca

2.2.1. Trwvong hop nghién cau

Trong bai bao nay, chung t6i dwa trén trwdng
hop dw an hdm Déo Ca nhw trong [4,6] dé dua ra
cac so dd chia gwong, t d6 xay dwng md hinh
mé phdng va phan tich tbc dd dao ham, cu thé cho
goi thau 1A-2, doan Km5+470 dén Km5+900. Cac
tham sé chinh cua tiét dién hdm dwoc thé hién trén
hinh H.1.
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H.1. Mt cat ngang thi cong ham Déo Ca

CONG NGHIEP MO, SO 3 - 2021 KX



‘E’ XAY DUNG CONG TRINH NGAM VA MO

NGHIEN ClrU VA TRAO DO

BOC XUC WA VAN

KHOAN CAMERED
(25 123

FHUK BE TONG
DAY BOM

H.2. Trinh tu thi céng trong két cau chdng dé loai B (dao toan tiét dién).

V& cong nghé thi cdng ham, lién danh cac nha
thau da ap dung céng nghé NATM gém céac buwéc
co ban nhw so db hinh 2 [6]. Chiéu dai mét chu ky
khoan né dwoc gi¢i han tlr 2 + 4m.

2.2.2. Cac phwong an chia gwong dao va quy
trinh cbéng nghé

Ngoai phwong an dao toan guwong nhw da dwoc
khdo séat trong [4,6], cac so dd chia gwong dao
dwoc xem xét gdm 3 phwong an, dwa trén phuong
phap dao kidu bac thang ding. Quy trinh cong
nghé clia cac phwong an thi cong dugc tom tat
sau day.

a) Pao toan guong (PA1)

Thuc hién phan tich quéa trinh dao ham bang
khoan nd véi cac céng doan chinh thé hién trén
hinh H.2, quy trinh cong nghé dwoc chi tiét hoa
thanh cac cong doan nhw sau: Khoan 16 min —
Nap thuéc né —Nb va théng gi6 — Van chuyén
dat da thai — Nao vét khoang dao bang may va
th cong — Chdng d&, gia cd — Khao sat, chuan
bi cho chu ky tiép theo. Chiéu dai chu ky khoan nd
la 3m.

b) Gwong chia déi (PA2)
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H.3. Phuong an thi cdng chia d6i guang dao (bac trén - bac dudi)
O phwong an nay, gwong duoc chia lam 2
phan: nlra trén, ntra dwdi va dung hai lan dao theo
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kiéu bac dé& hinh thanh (hinh H.3). Dac diém cong
nghé lién quan dén hai lan dao:

- Khoang cach bac: ntra trén tién trwdc, duy tri
khoang cach v&i nlra dwdi tlr 20m dén 30m.

- Chiéu dai chu ky khoan nd clGa ca hai bac
la 3m.

- Quy trinh cdng nghé trén méi lan dao tuan theo
quy trinh nhw dao toan guwong néu trén nhung cé
sy dan xen cong tac gilra hai ntra/bac: Coéng tac
khoan tao |16 va nap thuéc né cho nra dwéi dwoc
tién hanh cung véi cong tac béc xuc - van chuyén
d4t da nira trén. Khi ntva trén da van chuyén xong
dét da thi cho nd min niva dwdi. Cac cong tac con
lai & ntra trén (nao vét — chéng d& — khao sat)
va sau do khoan tao 16 va nap thudc nd cho chu ky
tiép theo sé tiép tuc trong khi nlra dwdi thuwe hién
van chuyén dat da. Sy dan xen céng tac nay thuc
hién tvong tw cho cac chu ky tiép theo trén ca hai
nlra guwong dao.

c) Guong chia 3 (PA3)
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H.4. Phuong an guong chia 3 (bactrén - bac duai;
ba c dudi chia doi)

Phwong an nay khac phwong an gwong chia
déi & chd: O bac duwéi, guong dao lai duwgce chia
lam 2 phan bang nhau (hinh H.4). B&c diém cong
nghé lién quan dén céac lan d3o tai cac phan gwong
da chia nhw sau:
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- N{ra trén (phan gwong ) c6 chiéu dai chu ky
khoan né 1a 2m. Hai phdn gwong bac dudi cé chiéu
dai chu ky khoan né 4m. Nhw vay, dé& dam bao
budc tién va gitr khodng cach hai bac, niva trén sé
thwe hién hai chu ky khoan né twong (rng vé&i mét
chu ky khoan né clia cac phan bac duéi.

- Tién hanh chu ky 1 cla bac trén dén khi bat
dau van chuyén dat da thi trién khai khoan va nap
thuéc nd cho phan bén phai bac duai, khi bac trén
van chuyén xong méi choné & phan nay. Cac céng
doan tiép theo cla phan bén phai bac dusi thuc
hién ddng thdi véi bac trén tién hanh cac cong tac
khac clia chu ky 1 sau d6 khoan tao |16 va nap thubc
nd cho chu ky 2. Cho né chu ky 2 bac trén khi ciia
phan bén phai bac dwdi hoan thanh chu ky va khi
van chuyén dat da chu ky 2 bac trén thi trién khai
cong tac cho phan bén trai bac dwéi. Cac budc tiép
theo twong tw nhw da mo ta khi két hop chu ky 1
(bac trén) vé&i phan bén phai bac dudi.

d) Guong chia 4 (PA4)
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H.5. Phuong an gueng chia 4 (bac trén - bac dudi; bac dudi chia 3)

O phwong an nay (hinh H.5), bac dwéi dwoc
chia lam 3 phan. Phan & gitra (Il) bac dwéi sé dao
mét lan, hai phan con lai & hai bén (Il va IV) sé
dao cung mot 1an. Dac diém cdng nghé lién quan
dén cac lan dao cla phwong an nay twong tw nhw
phuong an gwong chia 3. Diém khac: chu ky dao
ctia phan I hoan thanh khi van chuyén xong dat da
ma khéng can thuc hién cac budec tiép theo trong
quy trinh céng nghé chung nhw cac phan khac.

Mot dac diém cong nghé chungcan lwu y cla
cac phwong an chia gwong dwa trén phuong phap

dao kiéu bac thang dirng (PA2, PA3, PA4) |4 cong
tac mé rong hé ky thuat (thong gio, dién nuéc...)
chi 1am trong chu ky clia phan dao bac trén.

2.3. M6 hinh mé phéng cdc phwong an thi céng

2.3.1. Chuén bi di¥liéu cho mé hinh

D liéu can thiét cho md hinh bao gdm khai bao
vé di¥liéu st dung va phan phéixac suatthdilwong
cac hoat déng duwgc md hinh hda trong mé hinh
md phdéng. Can ctr dé xac dinh ciing nhw théng sb
clia cac di¥ liéu nay cho phwong an thi cong toan
gwong da duoc trinh bay trong [4]. Khi phat trién
mé hinh cho cac phuwong an thi cong, cac dir liéu
vé xe may - thiét bi (may khoan, may bébc xuc, xe
ché dat, xe ché vat liéu chéng tam va xe phuc vu)
dwoc khai bao théng nhét trong cac phwong an vé
chiing loai va sé lvong. Thei lweng cac hoat dong
dwogc md hinh héa trong mé hinh mé phéng theo
phan phdi xac suét da lwa chon, duwoc stra dbi vé
gia tri phu hop voi td chire hoat déng trong méi md
hinh theo phwong an thi cong dwgec moé phéng.

2.3.2. M6 hinh mé phdng trong EZStrobe

Dwa trén mo hinh da l1ap dwoc trong [4] va cac
phéan tich quy trinh cdng nghé tai muc 3.2, cac tac
gid da xay dung cac mé hinh mé phéng cho cac
trwo'ng hop thi cdng chia guwong dao. Cac mé hinh
dwoc xac minh kiém tra 16 bang chay mé hinh hoat
hinh. K&t qua cho thay cac mé hinh da hoat dong
chinh xac, c6 thé s dung dé tién hanh mé phéng.

Trong muc nay, chung téi gi¢i thiéu mo hinh
cho trwdng hop dwoc xem la phirc tap nhat va
do do, dai dién déy dd cho céac trwong hop con
lai: phwong an gwong chia 4 (cac hinh H.6, H.7,
H.8 va H.9). Gitra cac lan dao, s& dung biéu di&n
nhiéu trang cla EZStrobe théng qua hang doi két
hop va cong viéc cé diéu kién di sau n6 dé két ndi.
Vi du trén hinh H.8, dé& b4t dau dao phan I, ngoai
cac diéu kién vé tai nguyén cia mdt chu ky dao
théng thudng, phai cé diéu kién da nd va théng
gi6 xong, bat dau coéng tac béc xic - van chuyén
dat da & phan | (chu ky 1). Diéu kién nay duoc
thé hién bang hang doi két hop (vong tron nét dut)
‘ExcvSoil’ 1a biéu dién cta lwgng dét da dao dwoc
cta phan | (chu ky 1) va lién két kéo (Draw Link) v&i
toan tlr quan hé '1=0,0'.
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H.9. M6 hinh mé phéng chu ky dao ham bac dui - phan l1I+1V (hai bén)

3. KET QUA VA THAO LUAN

Lan lwgt cho cac md hinh chay véi s6 1an moé
phoéng la 10.000. K&t qua phan tich vé tbc do dao
clia trng phwong an thi cong néu tai muc 3 dwoc
cho trong Bang 1.

Tl két qua trén, co thé thay:

- Nhin chung, thi céng theo cac phuwong an
chia guong dao (PA2, PA3, PA4) déu co6 tbc do
dao nhanh hon so v&i thi céng toan guwong (PA1).

- Trong cac phuong an chia gwong, tbc d dao
nhanh nhét 1a phwong an gwong chia 4, tiép dén la
phwong an gwong chia 2, phwong an guwong chia 3
c6 tdng nhwng khong nhiéu. Ty & tang tbc do dao
so v&i phuong an toan guong lan lwot la: PA2 =
136%; PA3 = 111%; PA4 = 207%. Trwo'ng hop PA2,
ty 1& nay phu hop véi két qua nghién clru cla tac
gia Tran Tudn Minh [7].

- Xét vé tinh 6n dinh théng k&, mac du PA4 c6

Bang 1. Té ¢ dé dao clia cac phuong an thi cong chia gwong xac dinh bang mé phong

Phuong an Gia tri trung binh Do léch Gia tri Max Gia tri min
Toc do dao (m/24h) PA1 3,93516 0,14696 4,23802 3,62458
PA2 535915 0,13344 593232 4,48648
PA3 435914 0,69078 9,18425 3,93547
PA4 8,14831 1,51399 9,63726 3,92100
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‘ﬂ. XAY DUNG CONG TRINH NGAM VA MO

NGHIEN ClrU VA TRAO DO

ty lé tang tdc dd dao I&n nhat nhung tinh bat dinh
lai cao nhat (théng qua gia tri do léch va bién do sb
li@u mo phéng). Cac phwong an PA1 va PA2 c6 dd
b4t dinh thap. PA3 tuy ty 1& ting téc d6 dao khong
I&n nhung d6 bét dinh ciing cao.

4. KET LUAN

-Két qua méd phdéng vé téc dd dao hdm cho thay
rang dao theo phwong phap chia gwong cé hiéu
qua xét vé yéu cau tang téc do dao. Nhw vay, mac
du diéu kién dia chéat va cac thiét bi cho phép dao
toan guong, nhwng dé rat ngén thoi gian thi cong,

can nghién ciru 4p dung phuong phap khai dao
chia guong.

- Viéc lwa chon phuong an chia gwong can xét
dén tinh &n dinh théng ké& cta mé hinh dé quyét
dinh. Mt khac, caAn nghién clru xem xét cac yéu
t6 tadc dong chinh gay nén sy bat dinh cao trong
phwong anlagi, tlr d6 cé sw diéu chinh thich hop dé
c6 thé ap dung phuong an co ty |é tang téc dd dao
cao ma khdng gap nhiéu rdi ro khi thwe hién. Céng
cu mo phéng sé rat hivu ich cho cac khdo satva lap
phwong an thi cdng hdm va céng trinh ngdm0
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ANALYSIS OF TUNNELING CAPACITY BY DISCRETE SIMULATION
FOR MULTIPHASE DRIVING METHOD

Nguyen Tien Tinh, Do Nhu Trang, Bui Duc Nang, Tran Anh Bao
ABSTRACT

The multiphase driving method for tunneling is conventionally considered as the unavoidable approach
forlarge-size underground constructions and the limitation of equipment. Currently, this approach is adjusted
fo be an option which can be implemented for economical analysis. In this study, discrete simulation is
conducted for analyzing the productivity with various multiphase driving options. The case study, which
uses information of on-site available equipment, is implemented for Deo Ca tunnel with phase division
options are proposed and simulated. Result from case study reveals that the multiphase driving with the
plan that the face is equally devided can boost the velocity of tunneling compared to the full-phase method.
However, the uncertainties in the candidate options are the critical factor for the decision making process.

Keywords: tunnel, underground, discrete simulation, excavated speed, drill and blast.
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