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XAY DUNG QUY LUAT BIEN POI CO HOC CUA PAT DA
XUNG QUANH PUOGNG HAM TREN CO SO

PHAN MEM PHUGNG PHAP SO

TRAN TUAN MINH, NGUYEN DUYEN PHONG"
NGUYEN VIET PINH"”
PHAM VAN THUGNG ™

Establishing the rules of mechanical changes of rocks-soils surrounding
tunnel based on the digital software method

Abstract: Stress value — changes surrounding hidden space of tunnel after
excavation is one of the most concerned parameter by the rock mechanics.
Analytic, monitoring survey methods can be used to study the rule.
However the analytic method can applied to simple environment of rocks,
cross dimension of tunnel is also simple. The group of monitoring survey is
very complicated and costly. At present day, owing to computerization and
technology development the digital method are widely applied to solve
geotechnical problems. Digital method is used to analyze, simulate, and
account all the parameters of tunnel structure. The author introduces
establishment of mechanical changing rules surrounding tunnel basing on
digital software method.

1. PAT VAN DE

Viée xdy dung duong hdm trong moi truong
dat da lam thay d6i dac tinh ban dau cua dat da,
dan dén hinh thanh va tdn tai mot trang thai ung
suat mgi dong thoi vdi nd 1a vide gdy ra cac
dich chuyén, bién dang vao trong khoang trong
cong trinh ngém [2, 3, 4, 7, 8]. Dé dam bao st
dung khoang trong cong trinh ngdm mot cach an
toan va hiéu qua, da phin cdc dudong him sau
khi khai dao déu phai duoc lip dat két ciu
chéng gitt & phia bén trong duong him dé dam
bao tinh an toan khi st dung dudng ham. Viéc
nghién ciru, tinh toan va thiét ké két cau chéng

*  Truong dai hoc Mo - Dia chdt - Ha Néi
DPong Ngac - Tw Liém - Ha Noi
** Vién khoa hoc cong nghé mo, TKV
3 Phan Pinh Giot - Thanh Xudn - Ha Noi
**x Cong ty than Duong Huy, TKV

giit duong ham co lién quan mat thiét toi su
bién d6i cua gia tri tng suat va bién dang xung
quanh duong hdm. Pé xac dinh tng suat bién
dang xung quanh duong hdm hién nay c6 thé sir
dung cac phuong phap nhu giai tich, quan tric
do dac va nhém cic phuong phép sé. Tuy nhién,
phuong phap giai tich thuong chi gidi dugc
trong nhitng moi trudong dat da gia thiét don
gian, duong ham c6 tiét dién ngang don gian,
con nhém phuong phap quan tric do dac thi
phtrc tap va ton kém. Ngay nay dudi sy phat
trién cua may tinh va khoa hoc coéng nghé,
phuong phap sé ngay cang duge tng dung rong
rai hon trong qua trinh giai c4c bai todn dia k¥
thuat. Mot trong nhitng van dé ma co hoc da
quan tdm 1a quy luat bién d6i co hoc (su thay
do6i cac gia tri ing sudt - bién dang) xung quanh
cac khoang trong ngdm sau khi khai dao. Khi
biét dugc quy luat thay d6i nay sé& gitip ich cho
ngudi thiét ké két cdu chdng giir cling nhu giir
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6n dinh duong hdm mdt cach c6 hiéu qua. Cac
1o giai 1y thuyét trude day thuong chi giai cho
trudong hop duong him c6 hinh dang don gian
nhu tron, elip, chit nhat trong méi truong dat da
don gian nhu dan hdi, ding hudng, khong co
tinh phan 16p...Tuy nhién, trong thuc té duong
ham lai ¢6 hinh dang phuc tap, duoc xay dung
trong diéu kién dia chat thay ddi lién tuc nén cac
10 giai 1y thuyét da 16 rd nhitng nhuoc diém va
han ché ctia minh. Trong tuong lai gan, nguoi sir
dung s& ding nhiéu t6i cac phuong phap sé dé
phén tich va mé phong khi tinh toan va thiét ké
két cau chong gitr duong ham. Bai bao gidi thiéu
viée xdy dung quy luat bién d6i co hoc xung
quanh duong ham trén co s& phin mém phuong
phép s6. Day ciing 1a co s ban dau dé thiét ké
chéng giit 6n dinh cho cac duong ham [9, 11].

2. TONG QUAN VE PHAN MEM
PHUONG PHAP SO

Su phat trién cua khoa hoc k¥ thuat, may tinh
va cac thiét bi k¥ thuat tinh toan hi¢én dai ra doi
va phat trién ngay nay cho phép xdy dung phin
tich, tinh todn mdt cach ti€n lgi, nhanh chéng
hon cac két qua phan tich so véi cac phuong
phép trudc ddy. Cac phuong phap s6 hién nay
c¢6 thé ké dén nhu 1a: Nhom céc phuong phép
phén tich sé dua trén co s& phuong phap phin
ttr hitu han, phuong phép phan tir bién, phuong
phép sai phan hiru han, phan tir roi rac...

- Phuwong phap phan tu hiru han (FEM)

Trong phuong phap nay khdi di dwgc méd
hinh 1a lién tuc, tinh chat khong lién tuc ctia dat
da ciing c6 thé mo phong duoc. Cac phan tir ban
dau duoc roi rac va duoc két ndi v6i nhau tai
cac nat, mdi mot phan tir ¢6 kich thude 14 hiru
han [1, 10]. Mbi quan h¢ ung suat - bién dang
dugc dinh nghia bang mot quy luat twong tng.
Phuong phap nay cé loi khi giai quyét cac van
dé co tinh di hudng hay biéu hién cua vat liéu
khong dan hoi tlir cac md hinh ctia mdi phan tir
vO1 cac ham déc tinh cua vat liéu riéng. Chuong
trinh dai dién cho nhém phwong phép nay c6 thé
ké dén 1a Phase, Plaxis...[4, 6, 8].

- Phuong phap sai phan hitu han (FDM)

Phuong phép nay ciing gan giong nhu phuong
phap phan tir hitu han, su khac nhau ban dau nim
& su gan dung dé giai quyét cac tham sé chua biét.
Phuong phép sai phan hitu han dya trén co s¢ cia
Sur gﬁn dang cac ham toan hoc, dugc xay dung
trén co s& cho mdt thoi gian did nhé trén bé mat
cta cac diém nat v6i cac phan tir trung gian bén
canh. Viéc tinh toan cua phuong phép sai phan
hiru han dugc su dung dé giai cac bai toan dong
va chtra nudc. Loi ich cua phuong phap sai phin
hiru han 1a khong cé cac ma tran toan hoc nén chu
trinh tinh toan nhanh khong can bo nhé va toc do
may tinh cao. Pai dién cho nhém nay la cac
chuong trinh PLAC 2D, PLAC 3D.

- Phuong phap phan tir bién (BEM)

Trong phuong phap nay khéi da dugc xem
1a lién tuc va gia thiét voi cac bién dang vo
cing nho & xa vo cung xung quanh bién ham.
Chuong trinh dai dién cho phwong phap phan
tor bién BEM thuong dugc su dung ngay nay 1a
Examine 2D, 3D.

- Phuong phap phan tir roi rac (DEM)

Trai ngugc véi phuong phap phan tir hitu
han, sai phan hiru han va phuong phép phan t
bién, phuong phdp nay cd kha nang mé phong
cac dich chuyén doc trén cac khe nit, cac khdi
da mo phong co thé tu do xoay va dich chuyén
nén két qua sinh dong va dé quan sat hon cac
phuong phap trén. Chuong trinh dién hinh hién
nay dugc su dung la UDEC.

3. XAY DUNG QUY LUAT BIEN POI
CO HQC XUNG QUANH PUONG HAM
SAU KHAI PAO TREN CO SO PHAN
MEM PHUONG PHAP SO

Phuong phép s6 c6 thé tinh toan va xac dinh
duoc céac gia tri ing suét, bién dang cho moi moi
truong: nit né, lién tuc, mém yéu hay cing viing
gan ding véi thuc té thi cong cong trinh. Dé xac
dinh dugc quan hé ung suat bién dang, dau tién
ta stt dung phuong phap sé xac dinh cac gia tri
{rmg suét bién dang tai cic diém khac nhau xung
quanh duong ham. Sau do, tién hanh lap bang
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biéu, str dung phuong phap xac suat thong ké dé
thiét 1ap duoc quy luat bién dbi cua quan hé tng
suat bién dang xung quanh duong ham.

Trong bai bao nay s dung 2 phin mém
phuong phép sb 1a Examine 2D va Phase 2 [4, 6,
12]. Bé tién cho viéc phan tich va so sanh két
qua gita hai phdn mém ciing nhu kiém tra tinh
chinh xac cho nghién ctru can luu y, ddu vao
cho phén tich véi hai phan mém 13 hoan toan
gidng nhau. Tong hop déu vio cho bai todn
nghién ciru thé hién nhu trong bang 1.

Chiéu rong bién nghién ciru trong trudng

51 1 2amiz

a) Mo phéng bacn.guExamine 2D

hop nay ldy bang 15m tinh tir bién ham, vi tir
20m tré di thi Ging suit gan nhu khong thay
dbi so voi trang thai ing suit nguyén sinh ban
dau. Mat khac, vi duong hAm nam ¢ do sau
25m nén trén cac bién ving nghién ctru c6 thé
tuy theo diéu kién bai toan thuc té dé mo
phong, & bai toan nay gia st trong trudong hop
bién nghién ctru dugc ¢b dinh. Vi di c¢d dinh
nén ving dat d4 phia trén khong c6 anh hudong
dén mo hinh nghién cru nén ¢ trong phan
chiéu cao bé mat dit tuong dwong s& 1a 25m

nhu trong moé hinh.

b) M6 phéng bang Phase 2

Hinh 1. Két qiia mé phong dwong ham bang 2 chwong trinh Examine 2D va Phase 2

Trén co so cic tham sé dau vao nhu trong
bang 1, tién hanh mo phong cho bai toan bang 2
m6 hinh Examine 2D va Phase 2, két qua mé

phong dugc thé hién nhu trén hinh v& 1 (chi ¥
Kkét qua trong hinh 1, 2, 3, 4 d2 duogc lam tron
dén sau ddu phay 2 con s6 dé dé hién thi).

Bang 1. Tham s6 dau vao cho bai toin phén tich

TT Tén tham sb dau vao Ky hiéu Gia tri Pon vi
1 Trong luong thé tich Y 0,02 MN/m’
2 | Pd bénkéo ok 0,01 MPa
3 | Cudng do lyc dinh két c 0,05 MPa
4 Go6c ma sat trong [0) 25 bo
5 | M6 dun dan hoi E 1200 MPa
6 Hé¢ s6 Poisson u 0,22 -

7 Goéc dan nd Y 0 bo
8 G6c ma sat du Qre 26 bo
9 | Do bén dinh két du Cre 0,5 MPa
10 | Puong kinh twong duong dudng ham D 10 m
11 | Loaivat liéu Déo (plastic) - -
12 | Tiéu chuan sir dung Mohr - Coulomb - -
13 | Ty s6 Gng sudt nim ngang/thang ding 03/0 0,5 -
14 | Do sau dat duong ham H 25 m
15 | Baitoan co xét ca tu trong va trudng tng sudt nguyén sinh trong dat da
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Trén co sé cac két qua phan tich bang
Examine 2D c6 thé thdng ké cac gia trj ing suit
bién dang nhu cac bang 2, 3, 4 bén dudi. Sau
khi théng ké, tong hop két qua c6 thé 1ap duoc
quan hé giita Gng suat, bién dang xung quanh
dudng ham nhu trong cac hinh 5 va 7.

Ciing tuong ty nhu vdy chung ta c6 thé tong

Quy luat thay ddi tng suit o3 (Examine 2D)

025
02 .
‘ —e— O vi tridinh tuong
015 X —=— G phia trén bén vomnoc phai

G3 =-6E-06x" +0.0003x - 0.0054x"
01 A +00465x+0.0045, R" = 09998 G phia trén bén vom noc trii

—&—Gi tri trung binh

Ovitri dinh vomnéc

Pudng cong quy ludt bién déi

Gi tri ing suit 53, MPa

0 2 4 6 8 10 12 14 16 18
Khoiing cdch x tir bién him, m

hop duoc cac gia tri tng suit va bién dang khi
stt dung phan mém sé Phase 2 dé phan tich cho
bai toan trén, két qua phan tich c6 thé thu dugc
nhu trong cac bang 5, 6, 7 bén dudi. Trén co s¢
cac gia tri co thé lap duoc dd thi quy luat bién
d6i cua rng sudt va bién dang bang Phase 2 nhu
hinh 6, 7.

Quy lujt thay ddi ciia ng suit thing dirng o1.(Examine 2D)

—+ O vitr dinh tuong
—=— O phia trén bén vom noc phai

1= TE-06x" - 0.0003x° + 0.0047% - 0.0502x + 0.4819 —+ Onit dih vomnbe
O phia trén bén vom néc trdi

R =0.9999 o
—4—Gi tr tnng binh

; M Ao 2 —— Quylujt bién déi tong quét
=

0 2 4 6 8 0 12 14 16 18 20
Khoang cich tir bién him x, m

Gid tri o1, MPa
5 o = o
S 2%

=

=3

Hinh 5. Quy ludt bién doi cia cdc thanh phan vmg sudt o; va o3 phén tich bang Examine 2

Quy luat bién déi o:,(Phase 2)
0401 7
0.351 4
g 03011 3 = 2E-06x" + 3605 - 00026 | ~* Vitridinh twéng ham
= 02511 £ 0.038x+0.016, > =0.9986 | - Viuivomphiihim
?; 0.201 4 —a— Vitri dinh n6c ham
E ! Vi tri nén him
0.151 1
:LE;) —— Puong gia tri trung binh|
0.101 4 N ~
= Puong cong quy luat
0.051 4
0.001
0 2 4 6 8 10 12 14 16 18 20 22
Khoang cach tir bién him X, m

Quy luét bién ddi ing suat o1 (Phase 2)

T —e— Vi tri dinh tuong him
T
RO e-2B.06% + Q05 - 0.0006¢ | —=— Vitrinoe bén phii
-0.0166x+0.4426, R = 0.9995 A— Vi tri dinh néc him

Vi tri bén néc trai

—&— Gia trj trung binh

Gia trj ing suit g1, MPa

Quy luit tong quat

Khoing cich tir bién him x, m

Hinh 6. Két qua quy ludt bién déi ciia vmg sudt thang dirng va nam ngang
sau khi phan tich bang phan mém Phase 2

Quy luit bién dbi ciia bién dang téng thé €1y, m (Examine 2D)
0.007

0,004 —e— O vitridinh tuong

—=— (J phia trén bén vomnoc phai
0.003 —— G vitri dinh vomnée

exy = S8’ - 206+ O vi tri ddy dudng him

0.002 SE05¢ - 0.0003x + 0.0025, R = 09998 | . _ Gis rf trung binh

—— Quy luit bién ddi bién dang

Gi4 tri bién dang téng thé gy, m

Khoing cach tir bién him x, m

Quy luéit bién déi bién dang tong thé &x, m (Phase 2)

0.005 9

—&— Vitridinh tuong

—8—Vitribén vombén phai

4 Vitridinh néc vom

=
5]
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Hinh 7. Két qua bién doi co hoc ciia tong bién dang toan bé khi
phan tich bang Examine 2D (hinh trdi) va Phase 2 (hinh phai)

58

DIA KY THUAT SO 2-2012



Bang 2. Céc gia tri ing suit thiang ding o, & cdc vi tri khac nhau

xung quanh dwong him bing Examine 2D
(cac con sb trong bang duoc ldy ra sau dau phay t6i 6 sé thap phan dé ting tinh chinh xac)

O vi tri O phia trén bén O vi tri O phia trén bén
dinh tudng vom néc phai dinh vOm ndc vom néc trai Gié tri trung
khoang Sigma 1 khoéang Sigma 1 | khoang | Sigma 1 khoang | Sigma I binh
cach (m) (MPa) cach (m) (MPa) | cach (m) (MPa) cach (m) (MPa)

0 0,675449 0 0,509385 0 0,235394 0 0,510881 | 0,4827773
0,714271 | 0,660495 0,77476 | 0,450996 | 0,61949 | 0,231062 | 0,854703 | 0,451684 | 0,4485593
1,42854 | 0,625595 1,54952 | 0,407327 | 1,23898 | 0,22855 1,70941 | 0,408325 | 0,4174493
2,14281 | 0,597203 2,32428 | 0,375772 | 1,85847 | 0,219168 | 2,56411 | 0,376929 | 0,392268
2,85708 | 0,572728 3,09904 0,35053 | 2,47796 | 0,207046 | 3,41881 | 0,351869 | 0,3705433
3,57136 | 0,551245 3,8738 0,329064 | 3,09745 | 0,194118 | 4,27352 | 0,330587 | 0,3512535
4,28563 | 0,532424 4,64856 | 0,310056 | 3,71694 | 0,181247 | 5,12822 | 0,311731 | 0,3338645
49999 | 0,516066 5,42332 | 0,292738 | 4,33643 | 0,168799 | 5,98292 | 0,294514 | 0,3180293
5,71417 | 0,501958 6,19808 | 0,276629 | 4,95592 | 0,156906 | 6,83762 | 0,278451 | 0,303486
6,42844 | 0,489855 6,97284 | 0,261409 | 5,57541 | 0,145588 | 7,69233 | 0,263229 | 0,2900203
7,14271 | 0,479499 7,7476 | 0,246859 | 6,1949 | 0,134819 | 8,54703 | 0,248639 | 0,277454
7,85698 | 0,470641 8,52235 | 0,232825 | 6,81439 | 0,12455 9,40173 | 0,234534 | 0,2656375
8,57125 | 0,463054 9,29711 | 0,219193 | 7,43388 | 0,11473 10,2564 | 0,22081 | 0,2544468
9,28552 | 0,456539 10,0719 | 0,205883 | 8,05337 | 0,105304 | 11,1111 | 0,207393 | 0,2437798
9,9998 | 0,450925 10,8466 | 0,192831 | 8,67286 | 0,096226 | 11,9658 | 0,194226 | 0,233552
10,7141 | 0,446067 11,6214 | 0,179992 | 9,29235 | 0,0874519 | 12,8205 | 0,181265 | 0,223694
11,4283 | 0,441846 12,3962 | 0,167328 | 9,91184 | 0,0789442 | 13,6752 | 0,168477 | 0,2141488
12,1426 | 0,438162 13,1709 | 0,154811 | 10,5313 | 0,07067 14,53 0,155836 | 0,2048698
12,8569 | 0,434932 13,9457 0,14242 | 11,1508 | 0,0626006 | 15,3847 | 0,143321 | 0,1958184
13,5712 | 0,432088 14,7204 | 0,130137 | 11,7703 | 0,0547114 | 16,2394 | 0,130915 | 0,1869629
14,2854 | 0,429573 15,4952 | 0,117949 | 12,3898 | 0,046981 | 17,0941 | 0,118605 | 0,178277
14,9997 | 0,427339 16,2699 | 0,105845 | 13,0093 | 0,0393912 | 17,9488 | 0,106379 | 0,1697386

Bang 3. Cac gia tri (g suit nim ngang o3 bing Examine 2D

& cac vi tri khac nhau xung quanh dwong him
(cac con s6 trong bang duoc lay ra sau dau phay t6i 8 s6 thap phan dé tang tinh chinh xac)

O vi tri O phia trén bén O vi tri O phia trén bén

dinh tuong vom noc phai dinh vom néc vom néc trai Gia tri

Khoang | Sigma 3 Khoang | Sigma 3 Khoang Sigma 3 | Khoang | Sigma3 | trungbinh
cach (m) (MPa) cach (m) (MPa) cach (m) (MPa) céach (m) (MPa)

0 0,00361348 0 0,0179735 0 0,0011338 0 0,0011338 | 0,003023
0,714271 | 0,0374417 | 0,77476 | 0,0427416 | 0,7143 0,037443 | 0,7143 | 0,037443 | 0,038767
1,42854 | 0,0660525 | 1,54952 | 0,0644625 1,4286 | 0,0660547 | 1,4286 | 0,0660547 | 0,065656

2,14281 | 0,0905508 | 2,32428 | 0,0761838 | 2,1429 | 0,0905536 | 2,1429 | 0,0905536 | 0,08696
2,85708 0,1115 3,09904 | 0,0828428 | 2,8572 0,111503 | 2,8572 | 0,111503 | 0,104337
3,57136 | 0,129084 | 3,8738 | 0,0864507 | 3,5715 0,129087 | 3,5715 | 0,129087 | 0,118427
4,28563 | 0,143547 | 4,64856 | 0,0880083 | 4,2858 0,14355 4,2858 0,14355 | 0,129664
4,9999 0,15525 | 5,42332 | 0,088097 5,0001 0,155253 | 5,0001 | 0,155253 | 0,138463
571417 | 0,164614 | 6,19808 | 0,0870913 | 5,7144 0,164616 | 5,7144 | 0,164616 | 0,145234
6,42844 | 0,172054 | 6,97284 | 0,0852486 | 6,4287 0,172056 | 6,4287 | 0,172056 | 0,150354
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O vi tri O phia trén bén O vj tri O phia trén bén

dinh tuong vom néc phai dinh vom ndc vOm nc trai Gia tri
Khoang | Sigma 3 Khodng Sigma 3 Khoang Sigma 3 | Khoang | Sigma3 |trung binh
cach (m) (MPa) cach (m) (MPa) cach (m) (MPa) cach (m) (MPa)

7,14271 | 0,177945 7,7476 | 0,0827535 7,143 0,177947 7,143 0,177947 | 0,154148

7,85698 | 0,182605 | 8,52235 | 0,0797423 7,8573 0,182607 | 7,8573 | 0,182607 | 0,15689

8,57125 | 0,186293 | 9,29711 | 0,0763173 8,5716 0,186294 | 85716 | 0,186294 0,1588

9,28552 | 0,189216 | 10,0719 | 0,0725571 9,2859 0,189218 | 9,2859 | 0,189218 | 0,160052

9,9998 | 0,191539 | 10,8466 | 0,0685223 | 10,0002 0,19154 | 10,0002 | 0,19154 | 0,160785

10,7141 0,19339 11,6214 | 0,0642604 | 10,7145 0,193391 | 10,7145 | 0,193391 | 0,161108

11,4283 | 0,194869 | 12,3962 | 0,0598088 | 11,4288 0,19487 | 11,4288 0,19487 | 0,161104

12,1426 | 0,196055 | 13,1709 | 0,0551975 | 12,1431 0,196056 | 12,1431 | 0,196056 | 0,160841

12,8569 | 0,197008 | 13,9457 | 0,0504501 | 12,8574 | 0,197008 | 12,8574 | 0,197008 | 0,160369

13,5712 | 0,197775 | 14,7204 | 0,0455855 | 13,5717 | 0,197776 | 13,5717 | 0,197776 | 0,159728

14,2854 | 0,198395 | 15,4952 | 0,0406189 14,286 0,198395 | 14,286 | 0,198395 | 0,158951
14,9997 | 0,198896 | 16,2699 | 0,0355619 | 15,0003 0,198896 | 15,0003 | 0,198896 | 0,158062

Bang 4. Tong cac bién dang €xy 0 cac vi tri khac nhau xung quanh bién him bang Examine 2D
(cac gia tri trong bang dugc 14y ra sau dau phay t6i 9 sb thap phan dé tang tinh chinh xac).

Vi tri dinh twong him Vi tri vom noc phai Vi trf dinh vom Vi tri nén him

khoang Tong khoang Tong Tong Tong Gia tri
cach bién dang cach bién dang | khoang | biéndang | khoang | biéndang |trung binh
(m) (m) (m) (m)  |chch(m)| (m) |cich(m)|  (m)
0 0,00124328 0 0,000955492 0 0,00157733 0 0,00631005 | 0,002522
0,714271 | 0,00115892 | 0,77476 | 0,000767728 | 0,61949 | 0,00131163 |0,714286| 0,00588651 | 0,002281
1,42854 | 0,00109958 | 1,54952 | 0,000622599 | 1,23898 | 0,00114566 | 1,42857 | 0,00557777 | 0,002111
2,14281 | 0,0010736 | 2,32428 | 0,000525862 | 1,85847 | 0,000998972 | 2,14286 | 0,00526654 | 0,001966
2,85708 | 0,00106346 | 3,09904 | 0,00046204 | 2,47796 |0,000870136 | 2,85714 | 0,00496386 | 0,00184
3,57136 | 0,00105956 | 3,8738 | 0,000421914 | 3,09745 | 0,000757031 | 3,57143 | 0,00467797 | 0,001729
4,28563 | 0,00105704 | 4,64856 | 0,000398961 | 3,71694 | 0,000657513 | 4,28571 | 0,00441361 | 0,001632
49999 | 0,00105369 | 5,42332 | 0,000388101 | 4,33643 | 0,000569642 5 0,0041725 | 0,001546
5,71417 | 0,00104877 | 6,19808 | 0,000385363 | 4,95592 | 0,000491744 | 5,71429 | 0,00395431 | 0,00147
6,42844 | 0,00104218 | 6,97284 | 0,00038778 | 5,57541 | 0,0004224 | 6,42857 | 0,00375759 | 0,001402
7,14271 | 0,00103411 | 7,7476 | 0,000393251 | 6,1949 |0,000360421 | 7,14286 | 0,00358036 | 0,001342
7,85698 | 0,00102485 | 8,52235 | 0,000400355 | 6,81439 | 0,00030481 | 7,85714 | 0,0034205 | 0,001288
8,57125 | 0,00101467 | 9,29711 | 0,000408165 | 7,43388 | 0,000254732 | 8,57143 | 0,00327596 | 0,001238

9,28552 | 0,00100383 | 10,0719 | 0,000416097 | 8,05337 | 0,000209481 | 9,28571 | 0,00314489 | 0,001194

9,9998 | 0,000992525 | 10,8466 | 0,000423794 | 8,67286 | 0,000168462 10 0,00302562 | 0,001153

10,7141 ]0,000980926 | 11,6214 | 0,000431045 | 9,29235 | 0,000131172 | 10,7143 | 0,0029167 | 0,001115

11,4283 | 0,00096916 | 12,3962 | 0,00043774 | 991184 | 9,72E-05 | 11,4286 | 0,00281688 | 0,00108

12,1426 |0,000957324 | 13,1709 | 0,000443824 | 10,5313 | 6,61E-05 | 12,1429 | 0,00272508 | 0,001048

12,8569 |0,000945494 | 13,9457 | 0,000449286 | 11,1508 | 3,77E-05 | 12,8571 | 0,00264037 | 0,001018

13,5712 |0,000933728 | 14,7204 | 0,000454134 | 11,7703 | 1,15E-05 | 13,5714 | 0,00256193 | 0,00099

14,2854 | 0,000922067 | 15,4952 | 0,000458392 | 12,3898 | 1,25E-05 | 14,2857 | 0,0024891 | 0,000971

14,9997 | 0,000910544 | 16,2699 | 0,000462092 | 13,0093 | 3,46E-05 15 0,00242125 | 0,000957
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Bang 5. Céc gia tri wng suit thing ding o, & cac vi tri khac nhau
xung quanh dwong him bing Phase 2
(cac gia tri trong bang duoc ldy ra sau du phay t6i 6 sb thap phan dé ting tinh chinh x4c).

O vi tri dinh tuong

O phia trén bén
vom noc phai

O vitri dinh

vom ndc

O phia trén bén
vom noc trai

khoang | Sigma 3

cach(m) | (MPa)

khoang | Sigma 3

cach (m)| (MPa)

khoang | Sigma 3

cach (m)| (MPa)

khoang | Sigma 3

cach (m)| (MPa)

Gia tri
trung binh

0 0,58259

0 0,417419

0 0,18592

0 0,579177

0,441277

1,36364 | 0,555177

1,53831 | 0,378634

1,36364 | 0,194121

1,36364 | 0,557615

0,421387

2,72727 | 0,52695

3,07663 | 0,342496

2,72727 | 0,179472

2,72727 | 0,528172

0,394273

4,09091 | 0,503389

4,61494 | 0,302538

4,09091 | 0,163623

4,09091 | 0,504482

0,368508

5,45455 | 0,47976

6,15326 | 0,26933

5,45455 | 0,141527

5,45455 | 0,480698

0,342829

6,81818 | 0,456615

7,69157 | 0,238245

6,81818 | 0,126708

6,81818 | 0,459152

0,32018

8,18182 | 0,439058

9,22989 | 0,208226

8,18182 | 0,115213

8,18182 | 0,440628

0,300781

9,54545 | 0,425579

10,7682 | 0,179845

9,54545 | 0,102613

9,54545 | 0,423056

0,282773

10,9091 | 0,41537

12,3065 | 0,151951

10,9091 | 0,076701

10,9091 | 0,415256

0,26482

12,2727 | 0,407793

13,8448 | 0,123052

12,2727 | 0,050788

12,2727 | 0,407554

0,247297

13,6364 | 0,403956

15,3831 | 0,094231

13,6364 | 0,025315

13,6364 | 0,403105

0,231652

15 0,400027

16,9215 | 0,069697

15 0,02331

15 0,398655

0,222922

Bang 6. Cac gia tri (rng suit nim ngang o3 bing Phase 2
& cac vi tri khac nhau xung quanh dwong him
(cac gia tri trong bang duoc 1y ra sau diu phay téi 7 s thap phan dé tang tinh chinh xéc).

O vi tri
dinh tudng

O phia trén bén
vom noc phai

O vi tri
dinh vom noc

O phia nén ham

khoang | Sigma 3

cach (m) | (MPa)

khoang | Sigma 3

cach (m)| (MPa)

khoang | Sigma 3

cach (m) | (MPa)

khoang | Sigma 3

cach (m)| (MPa)

Gia tri
trung binh

0 0.018108

0 0,027123

0 0,029276

0 0,006878

0,0203462

1,36364 | 0,059033

1,53831 | 0,05303

1,74557 | 0,06506

1,36364 | 0,056321

0,0583611

2,72727 1 0,100286

3,07663 | 0,07299

3,49114 | 0,080837

2,72727 1 0,123139

0,094313

4,09091 | 0,135608

4,61494 | 0,07651

5,23672 | 0,081826

4,09091 | 0,207662

0,1254013

5,45455 | 0,153607

6,15326 10,075169

6,98229 | 0,077957

5,45455 | 0,295869

0,1506503

6,81818 | 0,168087

7,69157 [0,071215

8,72786 | 0,072228

6,81818 | 0,332712

0,1610604

8,18182 | 0,176891

9,22989 10,064356

10,4734 | 0,063917

8,18182 | 0,348082

0,1633116

9,54545 | 0,182297

10,7682 10,055055

12,219 10,052159

9,54545 | 0,360671

0,1625455

10,9091 | 0,185258

12,3065 10,042655

13,9646 | 0,039584

10,9091 | 0,365686

0,1582958

12,2727 | 0,187763

13,8448 10,029213

15,7101 | 0,024855

12,2727 1 0,366016

0,1519618

13,6364 | 0,188576

15,3831 10,015411

17,4557 | 0,011635

13,6364 | 0,363359

0,1447451

15 0,189337

16,9215 10,007031

19,2013 | 0,006516

15 0,359237

0,1405303
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Bang 7. Tong cac bién dang &xy 0 cac vi tri khac nhau xung quanh bién ham bing Phase 2
(cac gia tri trong bang duoc ldy ra sau ddu phay t&i 7 sd thap phan dé tang tinh chinh xac).

Vi tri dinh trong hdm | Vi tri vom bén phai

Vi tri dinh vom

vi tri vom trai Vi tri nén ham

khoang Tong | khoang | Tong | khoing

bién dang | cach

(m) (m) (m) (m) (m)

cach | biendang | cach

Téng

bién dang | cach

khoang | Téng | khoang Tong Gia tri

bién dang | trung binh

(m) (m) (m) (m)

bién dang | cach

0 0,001253 0 0,002159 0

0,00274 0

0,002149 0 0,004464 | 0,002553

1,36364 | 0,000896 |1,53831| 0,001618 | 1,36364

0,002333

1,74557| 0,001532 | 1,36364 | 0,003707 | 0,002017

2,72727 | 0,00062 |3,07663 | 0,001324 |2,72727

0,002059

3,49114| 0,001201 |2,72727| 0,003048 | 0,0016503

4,09091 | 0,00042 |4,61494 | 0,001118 |4,09091

0,001833

5,23672| 0,000973 |4,09091 | 0,002481 | 0,0013652

5,45455 | 0,000295 | 6,15326| 0,000945 | 5,45455

0,001687

6,98229| 0,00079 |5,45455| 0,002029 | 0,0011493

6,81818 | 0,000229 |7,69157| 0,00081

6,81818| 0,001575

8,72786 | 0,000646 |6,81818| 0,001643 | 0,0009807

8,18182 | 0,000159 |9,22989 | 0,000689 | 8,18182

0,00148

10,4734 | 0,000504 |8,18182| 0,001284 | 0,0008234

9,54545 | 0,000112 | 10,7682 | 0,000571 | 9,54545

0,001387

12,219 | 0,000397 |9,54545| 0,000958 | 0,0006852

10,9091 | 8,19E-05 | 12,3065 | 0,000466 | 10,9091

0,001314

13,9646 | 0,000296 | 10,9091 | 0,000695 | 0,0005708

12,2727 | 4,63E-05 | 13,8448 | 0,000379 | 12,2727

0,001241

15,7101 | 0,000211 |12,2727| 0,000435 | 0,0004624

13,6364 | 2,25E-05 | 15,3831 0,000292 | 13,6364

0,000737

17,4557 0,000136 | 13,6364 | 0,000218 | 0,0002811

15 | 225E-05 [16,9215] 0,000214 | 15

0,000737

19,2013 | 6,62E-05 15 0,000218 | 5,598E-05

Biéu d so sanh két qué 2 phin mém
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Khoang cach tir bién him, m

Bibu db so sanh két qua ing suit g
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—+— Két qua bing Phase 2

=Kt qua bing Examine 2D

Gid tri ing suit g3, M

e 2 2

T T T T T T T 1
0 2 4 6 8 10 12 14 16

Khoéng céch tinh tir bién him, m

Hinh 8. So sanh két qua phan tich ciia iing sudt thang dung (hinh tradi)
va ing sudt nam ngang (hinh bén phdi) ciia hai phan mém sé Examine 2D va Phase 2.

Biéu d6 so sanh két qua tinh toan tong bién dang
0.003 7

0.0025 4

0.002

0.0015 4 e —e— Phan tich bang Phase 2

—=— Phin tich bing Examine 2D

0.001 1

0.0005

Gia tri téng bién danggxy, m

0

0 2 4 6 8 10 12 14 16

Khoang cach tir bién ham, X

Hinh 9. So sanh két qué phdn tich cua tong bién

dang cho hai phan mém sé Examine 2D va Phase 2.

Nhin xét két qua

Qua céc phan tich va két qua ¢ trén c6 thé
thiy rang, bang cic phan mém sé c6 thé tim
dugc quy ludt bién ddi cua ung suit va bién
dang cua truong hop dat dd cu thé mot cach
nhanh chong. Cac dd thi cho thiy cic dudng
cong bién ddi cua ca 2 phan mém déu c6 dang
gidng nhau vé hinh thirc va c6 gia tri biéu thirc
gan sat nhau, cic gid tri ung suat do dugc ciing
gan nhu nhau. Piéu nay ching to sy dung dén
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ctia két qua phan tich, ddng nghia v6i né cé thé
kiém tra duoc sy chinh x4c cia 2 phén mém
dem dung.

Ciing twong ty nhu phan tich dai sd, cac gia
tri ing suit o, va téng bién dang Exy O gan bién
ham 14 16n, cang ra xa bién him cac gid tri nay
cang nho va ti€ém cén dén mot gia tri khong ddi
(hinh 5, 6, 7). Cac gia tri ing suit o3 nho & bién
ham va tang dan khi ra xa ham, rdi tién dén gia
tri tiém can (hinh 5, 6). Diéu nay hoan toan phu
hop véi ly thuyét phan tich trudc day.

Su sai khac giita hai phan mém tinh toan ciing
duogc kiém tra thu duge trén cac hinh v& 8 va 9,
day ciing 14 co s¢ dé danh gia viéc st dung phan
mém sb dang tin cay.

4. KET LUAN VA KIEN NGHI

Viéc st dung phan mém phuong phép sb dé
phén tich 6n dinh trong cic dudong ham da dugc
sir dung & trén thé gidi va Viét Nam. Tuy nhién,
viéc dung phin mém sé dé xdy dung quy luat
bién ddi co hoc ciia khdi dit d4 ciing nhu viée
kiém nghiém tinh chinh x4c cta phan mém thi
con han ché & Viét Nam. Trong linh vuc co hoc
da thi viéc xac dinh céc giéd tri ing suit, bién
dang ciing nhu quy ludt bién d6i cua né xung
quanh cac duong ham sau khai dao cé y nghia
to 16n va thiét thuc dbi véi viée thiét ké va tinh
toan On dinh cac cong trinh ngam. Phan tich &
day phﬁn nao chi ra dugc réng sy nhanh gon,
tinh chinh xac gin ding cua phuong phép sb
cling nhu viéc so sanh két qua 10 giai cho hai
phuong phap khac nhau giip nguoi st dung tin
cdy vao phuong phap dem su dung.

Quan sat két qua giita hai phuong phap co
thé nhan théy van c6 su khac biét (sai sé) do ban
chat cua hai phuong phap déu la phuong phap
gan ding (Examine 2D - phuong phép phan tir
bién, Phase 2 - phwong phap phan tir hitu han).
Tuy nhién, trén hinh vé& thdy rang su sai khac
nay 1a chip nhan dugc khi ding ca 2 phidn mém
nay dé phan tich. Trong thyc té phan tich, thiét
ké trong diéu kién c6 thé thi nén sir dung thém

Ngueoi phan bién: GS.TS. VO TRONG HUNG

mot phan mém tht 3 hoic két hop voi 1oi giai
dai s6 hoic phuong phap do dac quan tric ngoai
thue té dé ddi chiéu, tuong minh dé diéu chinh
thiét ké s& c6 tinh hiéu qua cao hon.
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