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Tém tat: Danh gia do on dinh ctia mdc ludi dd cao co sd co vai quan trong trong cong tac
quan trac do lun cta cong trinh xdy dung. Viéc sir dung da dang phuong phép dé danh gia
d6 6n dinh ctia mdc cang lam ting thém tinh chinh xac ciing nhu phwong an lya chon phuong
phap dé sir dung. Do d6 trong bai bao nay, chung t6i da di nghién ciru kha niang Gmg dung
ctia phuong phap Markuze trong danh gia d6 6n dinh cta mbc ludi d6 cao co s¢. Chung toi
da st dung bo dir liéu do ludi do cao co sd gém 4 chu ky, va so sanh Kkét qua thu dugc tu
phuong phap Markuze véi phuong phap Thuét toan binh sai ludi tu do (mdt phuong phap
thong dung nhét hién nay). Két qua sau khi sir dung phuong phap Markuze, ching t6i thu
duoc: cac mdc tai chu ky 1, chu ky 2, chu ky 3 déu 6n dinh; mdc M; tai chu ky 4 khong on
dinh va dich chuyén (lun) mot khoang 5,0 mm. Két qua nay hoan toan phu hop véi phuong
phap Thuét toan binh sai ludi tu do. Piéu d6 cho thiy, dé phan tich d6 6n dinh cua ludi do
cao co s&, chung ta hoan toan co thé st dung phuong phap Markuze nhu trong bay béo nay
chung t61 da nghién cuu.

Tir khoa: Markuze; Binh sai truy hdi; Quan tric bién dang.

1. Pit van dé

Cung v6i su phat trién chung cta nén kinh té, cac cong trinh xay dung véi quy mé 16m
ngay cang nhiéu. Van dé tudi tho ciing nhu an toan khi sir dung cdc cong trinh luén la véan dé
dugc quan tam, do d6 cong tac theo ddi va danh gia mirc d6 6n dinh cua cac cong trinh 1a v6
cung can thlet va da dugc cac nudc Nga, My... nghién ctu tu rat som [1]. Viéc thyc hién
phan tich d6 6 on dinh cta hé thong moc dd cao co s& 1a mdt budc dong vai tro then chét trong
qué trinh quan tric va xir Iy s6 lidu do lan cong trinh, dé tir 6 gop phan xéc dinh chinh xac
nhat sy trdi lun ciia cong trinh [2-3]. DA c6 nhiéu nghién ciru vé phuong phap nham danh gia
dd 6n dinh cling nhu nang cao d chinh xac xac dinh do on dinh cua méc lugi do cao co s&
[4-5]. Quan tric do trdi 1an & nudc ta tir 1au da duoc chii trong va trién khai rong rai déi véi
cac cong trinh xdy dung, cac phuong phap nham phan tich do 6n dinh ctiia mdc ludi do cao
co s& tir d6 ma da dang dan 1én. Hién nay, chung ta st dung mot sé phuong phap nhu: phuwong
phap thuét toan binh sai lu6i ty do, phuong phap phan tich tuong quan, phuong phap mot
mdc gbc...[6]. Phuong phap thudt toan binh sai ludi tu do dé va dang thé hién dugc uu thé
[7] va ngay cang duoc cai tién vé thuat toan dé nang cao do chinh xéac [8—10], rat nhiéu ludi
d6 cao co so cua cdc cong trinh nha cao tang trong diém da str dung phuong phap nay dé
phan tich d6 6n dinh [11-12]. Phuong phép thuét toan binh sai ludi tu do tuy ¢6 wu diém la
thuat toan dé sir dung nhung no6 khong xir 1y lién Két duogc cac tri do gitra cac chu ky véi nhau
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[13]. Phuong phap phan tich twong quan cho d¢ chinh xac cao khi s6 chu ky do tir 10 trg 1én
va phuong phap nay chi thuong st dung dbi voi nhitng cong trinh rat quan trong khi cé cac
chu ky quan trac 16n [ 14— I5]. Chinh vi nhimg ly do trén, dé nang cao do chinh xac trong
quan tric do lun cong trinh, dé xtr Iy lién két tat ca cac tri do cua cac chu ky voi nhau va dac
biét 1a dé gop phan lam phong pht hon cac phuong phap danh gia do 6 6n dinh ctia moc ludi
do cao co s0, ching toi da tién hanh nghién ctru vé g dung cua phuong phap Markuze trong
phan tich ¢ 6n dinh mdc ludi d6 cao €O SO trong quan trac chuyen dich blen dang cong trinh.
Trong nghién ciru nay chung t6i da tién hanh danh gia d6 6n dinh ctia mbc ludi do cao co s&
theo phuwong phap Markuze va tién hanh so sanh két qua d6 véi phuong phap thuét toan binh
sai ludi tu do.

2. Phwrong phap nghién ciru va sb liéu ap dung

2.1. Co s¢ Iy thuyét ciia phirong phdp Markuze

Pé danh gia 6 on dinh ctia hé thong mdc co s bang phuong phap Markuze ¢ thé duogc
tién hanh qua cac budc sau:

Buée 1. Binh sai riéng biét chu ky do hién tai S: Viéc binh sai c¢6 thé dung phuong phap
tiéu chuan hay truy hoi. Tuy nhién phuwong phép truy hdi s& thich hgp hon vi cho phép kiém
tra va loai bo sai s6 thd néu co [16].

Buée 2. Binh sai lién két chu ky S voi cac chu ky trude d6 [16]:

Gia st rang S—/ chu ky trude d6 da duge binh sai dong thoi va ta c6: Ma tran trong s6
do ctia cac Ansé O ; véc to n sb X ; dang toan phuong ¢ ¢

Céc cong thuc tuan ty tro thanh:

Ma tran trong s6 dao cua sb hang tu do:

oY o, 0

0, =0y (1)
Vector an so:
—(s) . o=
X" =x-000," 1V 2)
Vector s hang tu do:
1o = x o _x" ()
Ma tran trong sb ddo cua cac an so:
0, =00-00'0" oy )
Dang toan phuong:
37 = o + 197 5)

Buée 3. Kiém tra mdc dich chuyén: Pé kiém tra xem mdc c6 bi dich chuyén ¢ chu ky S
hay khong, ta c6 thé dung kiém tra sau [16]:

1Y < 16,10, (6)

Trong d6 t 1a hé s6 co gia tri 2 + 3, Oyl sai s trung phuong trong s6 don vi, Q;S) la
thanh phan ndm trén dudng chéo chinh cia ma tran trong sé dao ciia sé hang tu do tng véi
diém dang xét [16].

Trong truong hop néu moc i nao do thoa man bat dang thirc trén, thi moc i 1a hoan toan
6n dinh. Néu trong truong hop mbc i khong théa man bét dang thirc trén thi mbc i khong on
dinh. Trong trudng hop phat hién mdc khong 6n dinh thi can quay lai thyc hién bude 1 va
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tinh lai gia tri tham sé gan ding cho méc dich chuyén ciing nhu thay doi diéu kién trong
phuong trinh diéu kién cua ludi tu do. Tién hanh kiém tra d6 6n dinh cta cac médc con lai
[16].

Binh sai mang luéi tu do bang phuong phép binh sai truy hdi cho chu ky hién tai S nao
d6 duoc thyc hién nhu sau:

Ludi do cao co so 1a mot mang ludi tu do, dé binh sai ludi trac dia tu do v6i sb khuyét
d =1 can b6 sung mot phuong trinh diéu kién dang [17]:

C'8X =0 (7
C 1a ma tran bac (k x d) v6i d 1a sb khuyét, k 1a s6 luong 4n trong ludi.
Khi biéu dién diéu kién C"§X = 0 dudi dang hé phuong trinh s6 hiéu chinh [18]:

V. =B'8X+0.0 (8)

V&1 ma tran trong s6 Py = o0.E; C4u trac ciia ma trin B ddi véi lu6i d cao tu do BT = (1
1...1)[L7].

Do vy khi str dung thuat toan binh sai truy hoi dé xir Iy mang luéi ty do ching ta can
lan lugt tinh todn theo thuat toan truy hoi véi n phuong trinh s6 hi¢u chinh dang v; = a;6X +
l; va 1 phuong trinh s6 hiéu chinh dang V.=B".8x+00 [19] dé tinh:

Véc to s6 hang tu do [20]: [ =1 (X (H),Li) )

Trong sb dao cua sai s6 khép [20]:

1 i
q, =—+2a,Q a] (10)

1

Udc luong cia tham sb sau khi xir 1y tri do thir 7 [20]:

a; -
a (11)
Ma tran trong s6 dao cia 4n s6 sau khi xir 1y tri do tha i [20]:
o (1) 47 Q)
/(Y,) _ Q/(\f—l) _ Oy aq; aQy (12)
I

Dang toan phuong khi xtr 1y tri do thr i [20]

2
$O =[PYV 10 =[PV 1) 4 I (13)

q,

Xac dinh ma trdn ban dau Q()?) cia qud trinh tinh todn binh sai truy hoi:

Dé bit ddu qua trinh truy hdi bang cac cong thirc trén, can c6 gia tri gan ding ma tran
trong so dao khoi dau ctia tham so (Qx):

C6 thé thanh lap ma tran ban dau Q()?) theo gido su Markuze nhu sau [16]:

QY =10"E,, (14)

Vi k 1a tong s6 cac tham sé an 8X can xac dinh (s6 luong céc tri do can thiét trong mang
ludi tric dia). E 12 ma tran don vi bac k; m 1 sb nguyén c6 gia tri da 16n sao cho 10™ nho
hon sai s6 tinh toan cac phan tir ctia ma tran trung gian. Trong thuc té tinh toan binh sai cac
mang ludi tric dia c6 thé chonm =6 + 10 [21], trong tinh toan thuc nghiém ctia bai bao nay
da lya chon m = 6.
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Kiém tra sw c¢é mdt ciia cée tri do thé theo s6 hang tu do ciia phwong trinh 56 hiéu chinh
doi voi tri do du

Uu diém noi bat cua phuong phéap binh sai truy hoi chinh 1a viéc kiém tra sy c6 mat cua
tri do thd ngay trong qua trinh tinh todn binh sai truy hoi [21]. Viéc st dung ma tran khoi dau
Q()?) ¢ dang Q)?) =10"E_, [22] hoan toan cho phép phan biét dugc tri do can thiét va tri do

du. Khi tinh toan binh sai truy hdi véi tri do L; tién hanh xac dinh trong sé dao qii cua sb hang
tu do 1; theo cong thire (9):

‘ 100 . <L X X .\ . , N .2
Neéu q, >—, thi tri do L; 1a tri do can thiét. Trong truong hop nay chung ta khong kiém
oD

tra sy ¢c6 mat cua tri do tho [21].

. 100 . < R \ R \ f A 1A
Néu q S? , thi tri do L; 1a tri do du. Trong truong hop nay hoan toan c6 thé kieém tra

su ¢ mit cta trj do thé trén co s& so sanh sb hang tu do 1; v&i han sai ciia n6 (li)ep [21]:

(1), =+t.my.[q, (15)

Trong d6 my 1a sai s6 trung phuo‘ng cua tri do thur i [20].

Néu ; < (I)ep thi co thé thay rang tri do dugc dua vao tinh toan binh sai truy h01 khong
c6 chira sai soO tho. Trong truong hop nguoc lai, dé ting do chinh xac cua ludi tr1 do can duoc
loai bo vi ¢6 chira sai s6 thd [20]. Trude khi loai bé mét tri do co chira sai s tho can phai
xem xét thyc chét tri do d6 co chira sai s6 tho hay khong, bang cach ap dung phuong phép
binh sai lap dé tim kiém cac tri do tho [23].

2.2. 86 liéu do lwoi do cao co so

M3

hl
M1

Hinh 1. Ludi d6 cao co so.

Ludi d6 cao co sd duge quan tric voi 5 chu ky: 0, 1, 2, 3, 4. Sau khi binh sai chu ky 0
nhén dugc do cao sau binh sai clia cac méc nhu sau Hvi = 0,1 mm; Hwz = 40,1 mm; Hus =
90,1 mm. S liéu do cac chénh cao va sb tram do tuong ng cla cac chuky 1,2, 3, 4 dugc
thé hién tai Bang 1. Cac chénh cao nay dugc do theo quy trinh do lan cap I véi sai sé trung
phuong chénh cao trung binh mdt tram do 1a 0,15 mm [24].

Bang 1. S6 lidu do lui d6 cao co so trong 4 chu ky.

STT hi(mm) hz (mm) h3 (mm) ni n2 n3
Chu ky 1 39,8 49,9 90,2 5 3 5
Chu ky 2 40,3 50,0 89,9 5 3 5
Chu ky 3 39,7 50,1 90,2 5 3 5
Chu ky 4 35,2 55,2 89,9 5 3 5
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3. Két qua nghién ctru

Dé lam sang t6 viéc ung dung phuong phap Markuze trong phén tich d6 6n dinh ciia mdc
ludi d6 cao co so co that sy kha thi hay khong, thi trong nghién ctru nay ching t6i tién hanh
so sanh két qua d6 vdi phuong phap phan tich @6 6n dinh moc ludi d6 cao co sé bang phuong
phap thuat toan binh sai ludi tu do.
3.1. Két qud phan tich do 6n dinh méc hedi dg cao co sé theo phirong phdap Markuze

Tién hanh binh sai riéng biét chu ky do hién tai S theo phuong phap binh sai truy hoi véi

viéc lya chon ma trén trong s6 déo ban dau d)?) clia qué trinh tinh toan binh sai truy hoi 1a:

[1000000  © 0
o® =1 o 1000000 0 (16)
0 0 100000

Do cao gan ding khi binh sai riéng biét cac chu ky S duoc Iy 13 d6 cao binh sai ciia chu
ky S—1, th ty trj do duoc dua vao binh sai truy hdi tai cac chu ky lan luot 1a hy, hy, hs va
cudi cung 1a diéu kién bd sung.

Tai cac chu ky 1 tat ca cac mdc déu 6n dinh (Bang 4), do cao cac méc sau binh sai nhu
sau Hu = 0,1 mm; Hmz = 40,1 mm; Hvs = 90,1 mm (Bang 5) va tai chu ky 1 nay dich chuyén
ctia cic mdc twong g so véi chu ky 0 déu c6 gia tri 0,0 mm (Bang 6).

Tai chu ky 2 tat ca cac mdc déu 6n dinh (Bang 4), do do tai chu ky 2 s€ dugc binh sai
lién két voi cac tri do ctia chu ky 1. Sau khi binh sai lién két hai chu ky thi d6 cao cac méc
nhu sau: Hvi = 0,1 mm; Hmz = 40,1 mm; Hvs = 90,1 mm (Bang 5) va tai chu ky 2 nay dich
chuyén ciia cac mébc twong tng so v6i chu ky 0 déu co gia tri 0,0 mm (Bang 6).

Tai chu ky 3 cac mbc déu 6n dinh (Bang 4) do d6 chu ky 3 duoc binh sai lién két véi két
qua do cta chu ky 1 va chu ky 2 trudc do. Sau khi binh sai lién két ba chu ky thi d6 cao cac
mdc nhu sau: Hyi = 0,1 mm; Hyz = 40,1 mm; Hys = 90,1 mm (Bang 5) va tai chu ky 3 nay
dich chuyén cta cic mdc twong tng so voi chu ky 0 déu c6 gi tri 0,0 mm (Bang 6).

Tai chu ky 4 phat hién mbc M2 khong 6n dinh (Bang 4) do d6 chu ky nay khong duoc
binh sai két hop vai ba chu ky trude d6 (chu ky 1, chu ky 2 va chu ky 3). Vi mbc M, khong
6n dinh trong chu ky 4, nén d6 cao gan diing ctia n6 trong chu ky nay dugc tinh dwa vao do
cao gan dung cua diém M va chénh cao do h; ciia chu ky 4; ma tran dinh vi tai chu ky 4 tng
v6i phan tir cia mbe Mz s& dugc chon lai bang 0 (Bang 3). Sau khi binh sai riéng chu ky 4
thi d6 cao cac mdc nhu sau: Hyi = 0,1 mm; Hya = 35,1 mm; Hys = 90,2 mm (Bang 5) va tai
chu ky 4 nay mbc M bi lan so véi chu ky 0 mot khoang 1a 5,0 mm (Béang 6). Cac két qua
duoc thé hién cu thé nhu sau:

Bang 2. Danh gia tri do c6 mang sai sb tho hay khong trong qua trinh binh sai truy hdi.

Chu ky Chénh cao li (mm) 2my./q,, Két ludn

Chu ky 1 h3 -0,5 2,4 Khéng co sai s6 tho
Chu ky 2 hs 0,4 2,4 Khéng c6 sai s6 thd
Chuky 3 h3 -0,4 2,4 Khéng co sai s6 tho
Chu ky 4 hs 0,5 2.4 Khéng co sai s6 tho

Theo két qua bang 2 thi tat ca cac tri do trong 4 chu ky déu khong c6 chira sai s6 tho, do
d6 khong c¢6 tri do nao bi loai bo, cac tri do trong cac chu ky déu duge dua vao binh sai.
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Béng 3. Ma tran dinh vi C cta cac chu ky.

Chu ky Ma tran dinh vi C
T

Chuky 1 =1y
T

Chu ky 2 =@ 1D
T

Chu ky 3 =@ 1D
T

Chu ky 4 ¢t=@a o0 1

Tai cac chu ky 1, 2, 3 tit ca cac mbc déu 6n dinh do d6 cac phan tir cia ma tran dinh vi
C déu nhan gi tri bang 1. Tai chu ky 4, do mbc M» khong on dinh nén phan tir img véi moc
M; trén ma tran dinh vi C s nhan gia tri 0, hai mbc M va M3 déu 6n dinh nén van nhén gia
tri 1 (Bang 1).

Bang 4. Danh gia don 6n dinh méc tai cac chu ky (so véi chu ky 1ién ké trugce).

Chu ky Mbe Dic(h Ch“)yé“ ] G(i(’i h*-;“ Két luan
mm mm

‘ M1 0,0 1,111 0,4 On dinh
Ch‘; ky M2 0,0 0,855 0,4 On dinh
M3 0,0 0,855 0,4 On dinh
‘ Ml -0,1 2,222 0.6 On dinh
Chg ky M2 0,1 1,709 0,5 On dinh
M3 0,0 1,709 0,5 On dinh
i M1 0,1 1,667 0,7 On dinh
Ch‘; ky M2 0,1 1,282 0,4 On dinh
M3 0,1 1,282 0,4 On dinh
‘ Ml 0,0 0,769 0,4 On dinh

Ch‘i ky M2 49 1,923 0,6 Khéng én dinh
M3 0,1 0,769 0,4 On dinh

Tai cac chu ky 1, chu ky 2, chu ky 3 tat ca cac moc déu on dinh do luong dich chuyén
clia cac moc tuong ng so voi chu ky lién ké trude déu nho hon gi61 han cho phép (Bang 4).
Tai chu ky 4 méc M> ¢6 gia tri dich chuyén 14 4 ,9 mm (dich chuyén so véi chu ky lién ké
trude) 16n hon gia tri gidi han cho phép, do d6 mdc Mz trong chu ky 4 khong 6n dinh. Do
vay tai chu ky 4 nay khi thuc hién do ludi quan tric thi mdc M» khong dugc tham gia lam dix
lidu d6 cao gbc dé do ndi vao ludi quan tric.

Bang 5. Cao do mbc sau binh sai.

STT Hi (mm)

Chu ky 1 Chu ky 2 Chu ky 3 Chu ky 4
M1 0,1 0,1 0,1 0,1
M2 40,1 40,1 40,1 35,1
M3 90,1 90,1 90,1 90,2

Sau khi x4c dinh dugc cac mdce 6n dinh hay khong 6n dinh sé& xac dinh lai duoc ma tran
dinh vi C, tir d6 tién hanh binh sai lu¢i d cao co s& va nhan dugc dd cao sau binh sai cua
cac moc (Bang 5). Co thé thiy, do cac mdc tai chu ky 1, chu ky 2 va chu ky 3 déu 6n dinh
nén d6 cao sau binh sai ctia cac mdc trong ba chu ky nay khong c6 sy thay doi. Riéng dén
chu ky 4, do mbc M2 dich chuyén nén gié tri d6 cao ciia mdc nay s& khac gia tri do cao cua
n6 ¢ ba chu ky trudce.
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Bang 6. Dich chuyén ciia cac mdc tai cac chu ky so voi chu ky 0.

Dich chuyén (mm)

STT AHO—I AHO—Z AH0—3 AH0-4
M1 0,0 0,0 0,0 0,0
M2 0,0 0,0 0,0 -5,0
M3 0,0 0,0 0,0 0,1

Sau khi xac dinh dugc gia tri d0 cao sau binh sai cua céc mdc tai 4 chu ky s€ tinh dugc
luong dich chuyén cia cac mdc so v6i chu ky 0. Vi chu ky 1, chu ky 2 va chu ky 3 cac mc
déu 6n dinh so vai chu ky 0 va gi tri dich chuyén ctia cac mbc déu bang 0,0 mm. O chu ky
4 mdc M, khong on dinh va da lun so vé6i chu ky 0 mot khoang 5,0 mm.

3.2. Két qua phan tich do on dinh méc ludi do cao co so theo phirong phdp thudt todn binh
sai lwoi tw do

Phuong phap binh sai ludi tyr do 1a phuwong phép hién dang rat pho bién dé phan tich do
6n dinh cia moc ludi d6 cao co s, do d6 két qua ctia phuong phap nay s& 1a diéu kién dé so
sanh, kiém chung két qua cua phuong phap Markuze da thyc hién ¢ trén. Sir dung phuong
phap thuit toan binh sai ludi tu do dé phén tich d6 6 6on dinh ctia mdc ludi do cao co sé voi sb
liéu nhu trén, chung t6i thu dugc cac két qua nhu sau:

Bang 7. Cao do mbc sau binh sai.

Hi (mm)
STT Chu ky 1 Chu ky 2 Chu ky 3 Chu ky 4
M1 0,1 -0,1 0,1 0,1
M2 40,1 40,2 40,0 35,1
M3 90,1 90,2 90,2 90,2

Tai chu ky 1 d6 cao cac mdc sau binh sai nhu sau: Hvi = 0,1 mm; Hyo = 40,1 mm; Hus
=90,1 mm. Tai chu ky 2, d6 cao cac mdc sau binh sai nhu sau: Hui = — 0,1 mm; Hwo = 40,2
mm; Hyvz = 90,2 mm. Tai chu ky 3, d6 cao cac mdc sau binh sai nhu sau: Hvi = 0,1 mm; Hwz
= 40,0 mm; Hmz = 90,2 mm. Tai chu ky 4, d6 cao cac mdc sau binh sai nhu sau Hui = 0,1
mm; Hyve = 35,1 mm; Hus = 90,2 mm. D cao sau binh sai tai cac chu ky 1, chu ky 2 va chu
ky 3 chi sai léch so v6i d6 cao cua chu ky 0 mot gia tri khong dang ké. Ta1 chu ky 4 do cao
ctia mdc My da thay doi so véi chu ky 0, do d6 mde nay da bi dich chuyén va khong con 6n
dinh.

Bang 8. Dich chuyén ciia cac mdc tai cac chu ky so voi chu ky 0.

Dich chuyén (mm)

STT

AHO—I AH(FZ AH(FS AH(Ht
Ml 0,0 —0,2 0,0 0,0
M2 0,0 0,1 -0,1 -5,0
M3 0,0 0,1 0,1 0,1

Theo két qua tai bang 8, sau khi phan tich do 6n dinh cac moc theo phuong phap thuét
toan binh sai lu6i ty do thi tai chu ky 1, chu ky 2, chu ky 3 cac mdc déu 6n dinh so vai chu
ky 0. Tai chu ky 1 thi tat ca cac moc deu c6 luong dich chuyén bang 0,0 mm. Tai chu ky 2
moc M lin mét khoang 0,2 mm; mdc M2 va M3 trdi mot khoang 0,1 mm, cac gia tri nay
hoan toan nam trong gidi han cho phép cua mdc 6n dinh. Tai chuky 3 chi co mdc Mz 1an 0,1
mm va mdc M3 trdi 0,1 mm , cAc gia tri nay cling hoan toan nam trong giGi han cho phep cua
moc on dinh. Tai chu ky 4 da phat hién moc Ma Iun mdt khodng 5,0 mm va hai moc con lai
van 6n dinh.
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Nhu vay, so sanh két qué giita bang 5, bang 6 theo phuwong phap Markuze voi bang 7,
bang 8 theo phuong phap thuét toan binh sai ludi tu do co thé thay dugc: Tai cac chu ky 1,
chu ky 2, chu ky 3 cac moc My, Mz, M déu 6n dinh; dg cao cing nhu lugng dich chuyén cia
cac moc nay dugc tinh theo hai phwong phap la gan nhu tuong dong nhau. Tai chu ky 4 thi
ca hai phuong phap déu phat hién moc Mz khong 6n dinh va déu bi lan 5 mm. Gi4 tri d6 cao
sau binh sai va dich chuyén ciia cac méoc duge tinh ¢ hai phuong phap c6 su sai 1¢ch tir 0,1
dén 0,2 mm, gia tri sai léch nay nho hon sai s6 do gi6i han cho phép, do d6 két qua cua
phuong phap Markuze la hoan toan chinh xac.

4. Két luan

Qua két qua di nghién ctru trén, chung t6i nhan dinh rang hoan toan co thé dp dung
phuong phap Markuze vao danh gia d6 6n dinh cta hé thdng moc do cao co s6.

Phuong phap Markuze thé hién wu diém “néu cac chu ky khong c6 mde nao dich chuyén
s& tién hanh binh sai két hop tat ca cac chu ky cho dén thoi diém hién tai”. Diéu ndy s& nang
cao do chinh xac xac dinh d6 cao cac mdc trong ludi.

Véi phuong phap Markuze, trong truong hop phat hién mdc do cao khong 6on dinh thi
can tinh lai gi tri tham sb gan dng cho méc dich chuyén ciing nhu thay d6i diéu kién trong
phuong trinh diéu kién cia luéi ty do.

Tuy nhién qua nghién ctru trén c¢6 thé thiy duoc mot han ché cua phuong phap Markuze
trong phan tich do 6n dinh cia moc ludi do cao co so la thuat toan kha phtc tap, qua trinh
phan tich 6 6n dinh ctia mdc s& mat nhidu thoi gian do phai binh sai lién két nhiéu tri do tir
nhiéu chu ky vé6i nhau.

bong gop cia tac gia: Xay dung y tuong nghién coru: B.T.B.N; Phén tich s6 liéu: B.T.B.N;
Viét ban thao bai bao: B.T.B.N.; Chinh stra bai bao: B.T.B.N, b.X.T, L.T.L.

Loi cam on: Nhom tac gia xin chan thanh cam on quy thdy ¢6 Khoa Tric dia, Ban db va
Thong tin dia ly, Truong Pai hoc Tai nguyén va Moi truong TP.HCM da c6 nhiéu gop y cho
bai bao dugc hoan thién hon.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1a cong trinh nghién ciru cta tap thé
tac gia, chua dugc cong bo & dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom téac gia.
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Application of markuze method to evaluate the stability of the
base elevation benchmark system
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Abstract: Evaluating the stability of the benchmark system plays an important role in the
settlement monitoring of construction works. The use of a variety of methods to evaluate
the stability of landmarks further increases the accuracy as well as the choice of method to
use. Therefore, in this paper, we have studied the applicability of the Markuze method in
evaluating the stability of the benchmark system. We used a 4—period baseline grid of
elevation data set, and compared the results obtained from the Markuze method with the
Free Grid Correction Algorithm method (a most commonly used method today). The results
after using the Markuze method, we obtained: the milestones at cycle 1, cycle 2, cycle 3 are
all stable; The benchmark M at period 4 is unstable and moves (settled) by about 5,0 mm.
This result is completely consistent with the method of Free Grid Correction Algorithm.
That said, to analyze the stability of the basic elevation grid, we can completely use the
Markuze method as we have studied in this paper.

Keywords: Markuze; Recurrent adjustment; Deformation surveying.
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