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ANH HUONG CUA QUA TRINH THI CONG HO PAO 6 TANG HAM, CONG TRINH
VINCOM TOWER LEN HE MONG COC LAN CAN

TS. Tran Tuin Anh.

Pho Truong Khoa Xdy Dung — Dién, Pai Hoc Mo - TP.HCM.

97 V6 Van Tan, Phuong 6, Quén 3, Tp. Hé Chi Minh, Phong 312
Dién thoai: 0942.555.333 Email: ttanh.hcm@gmail.com

KS. Nguyén Thién Huynh, KS. Nguyén Quang Kha

Khoa KT.Xdy Dwng, Bai Hoc Bach Khoa TP.HCM.

Tém tit: Bai bdo nay nghién ciru anh hwéng cia qud trinh thi céng ho dao 6 tang
ham véi twong vdy day 1.2m thuéc cong trinh VinCom Tower lén hé mong I coc, 4
coc khéng dai va c6 dai thudc cong trinh lan cdn twong vdy, bang phan mém plaxis
2D cdch twong vdy Sm, sir dung mé hinh Hardening Soil. Két qud cho thdy nhém
coc khéng dai lam giam chuyén vi ngang so voi 1 coc riéng lé khodng 50% cho coc
ngdn, nhung doi véi coc dai,mang tdi trong 1ém, thi nhém coc ndy chuyén vi ngang
16m hon coc don 300% . Ca moment va chuyén vi ngang dau coc déu chiu anh hwéng
ciia 2 hiéu ing lién két nhém-chia sé tdi trong ngang- va hiéu iing chong chdt iing
sudt. Ti trong dnh hiedng ndy twong ing 1:4. Lién két dai coc gitip giam chuyén vi
dau coc dang ké (4-16 lan), tuy nhién mémen trong coc lai ting lén ddng ké.

1. Pit van dé.

Cong tac thi cdng hé dao sdu cho nha cao tang, doi hdi nhiéu bién phap ky thudt nhu ha muc
nudc ngam, thi cong tudng vay, 13p dit hé thong thanh chdng, thi cong san tang ham theo
phuong phap Top-Down... lam thay d&i 4p luc dat 1én tudng vay rat 1dn, diéu nay tao nén sy su
dich chuyén ngang va doc clia dat nén khu vue xung quanh, anh hudng truc tiép 1én sirc chiu tai
va chuyén vi cla hé méng coc lan can.

DPiém qua mét vai nghién ctru lién quan.

Su hién dién cta hd dao sau k& bén cong trinh gy ra su thay déi cac thong s6 ap lwc, phu tai
trong dat.(M.Ufuk Ergun, Deep Excavations, 2008). Sy thay ddi trén tryc ti€p anh huéng 1én
strc chju tdi cha mong coc. (Michael Tomlinson and John Woodward, 2007), cac két qua chi
mang tinh chat phan tich anh hudng, chua cé dinh luvgng cu thé.

Poulos and Chen (1996), dé nghi mét cong thirc ban thwe nghiém nhw 1a mét gidi phap danh gia
anh hwdng bién dang dat nén xung quanh 1én coc hodc hé coc hién hitu cdng trinh |an can dua
trén kién thirc ban thuc nghiém, tuy nhién viéc chon théng sé dé tinh toan trong phwong phap
rat khé khan, dién hinh 13 théng s& nén Nc cé vé rat khac so véi thuc té, két qua lai phu thudc
rat nhiéu vao gia tri chon nay.
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Dimitrios Iliadelis (2006) phat hién chuyén vi ngang va mdmen cta 1 coc giam manh khi
khoang cach dén hé dao ting, dudng kinh coc hién hiru hdu nhu khdng dnh hudng 1én chuyén
vi ngang cua coc, coc ¢ dd nhay KR cang |1&n thi kha ndng tac dong cla chuyén vi ngang dat nén
|én coc nam gan bén cang nho va hau hét déu khdng gy nguy hiém cho coc cho mét cong trinh
c6 dia chat dién hinh & Singapore, khé c6 mét &p dung chinh xac cho diéu kién dia chat nwdc ta.

Nhan thay sw can thiét cdn dua ra 1 nghién ciru b6 sung cho cac két qua trén, nghién ciru
cho 1 céng trinh cé hé dao siu va dia chat dién hinh & TP.HCM can dwoc quan tdm thyc hién.

2. Phuwong phap nghién ciru.
Chon dia chat dién hinh cha 1 cdng trinh 6 tdng (VinCom Tower), Quan 1. Mé phong 1 coc,
nhédm 4 coc, va nhdm 4 coc cé dai coc lién két, 1an cdn hé dao 5 m.

Chon 2 chiéu dai coc 13 14m va 40 m.Tai Trong lén 1 coc la nhw nhau( 200 KN trén 1 coc
14m , 2 000 KN trén 1 coc 40 m) Khdo sat dé lun va chuyén vi ngang dau coc . Ddng thoi xem
xét m6 mem trong coc.

Dvw dodan: Néu xem chuyén vi clia dat nén xung quanh coc do thi cdng hé tudng vay la tai
ngoai thi nhédm coc s& ganh d& tot hon, tuy nhién do cé hiéu &rng nhdm (ving chéng chat (ng
suat do tai trong coc ganh d& cé san gay ra) sé& lin va chuyén vi ngang nhiéu hon 1 coc riéng 1é.

3. M0 phéng bai toan.

Dia tAng & khu vuc cong trinh Vincom nay nhin chung bao gdm 1&p sét san s6i, mau nau dd
va cé trang thai nlra ci'ng (N30=19) nam bén trén I&p sét pha déo cirng cé bé day trung binh
4.5m.

Bén dudi 16p sét nay, bat gip trong 5 hd khoan 1a |&p cat day (trung binh 1a 24.5m) véi gia
tri SPT nam trong khodng tir 15 dén 20. Phan b6 bén dudi I6p cat nay lai a 16p sét co bé day
trung binh 17.4m, trang thai cirng, rat thich hop cho dat mii coc hay tuwdng vay trong |6p dat
nay (N30>40).

Ngoai ra, dia tang & cac |&p khu vuc nay con bat gdp 1&p cac dudi sau, phan bo chi yéu tir
dd sdu 60m dén 80m.

M3t bang va mat cat ngang dja chat clia cdng trinh nhu thé hién & hinh 1 va hinh 2.

Trang 4



Hai thao khoa hoc Khoa Xay diyng va Pién lan V — 2014
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Théng sd md hinh.

Bang 1: Thong s6 dia chat cho bai todn mé phdng trong phan mém.

L&p cat
Lop sét 1| Lop sét 2| Lép cat 3a|Ldp cat 3b 3a'| LOp sét 4|Lop sét da|l Lopcats

M6 hinh HS HS HS HS HS HS HS HS

Loai U U U U U u u u

Yunsat 18.3 18.7 18.8 18.6 18.7 18.3 18.3 18.5 |kN/m?
Vsat 19.8 19.2 19.3 19.4 19.3 19.6 19.2 19.4  |kN/m?
kx 8.64E-04 | 1.21E+02 | 1.17E+02 | 1.17E+02 | 1.17E+02 | 4.32E+01 | 4.32E+01 | 1.17E+02 |m/day
ky 4.32E-03 | 2.42E+01 | 2.34E+02 | 2.34E+02 | 2.34E+02 | 8.64E+01 | 8.64E+01 | 2.34E+02 |m/day
Eso"f 27,000 14,000 22,000 | 40,000 | 48,000 | 89,000 | 74,000 | 83,000 |kN/m?
Eoed"™f 27,000 14,000 | 22,000 | 40,000 | 48,000 | 89,000 | 74,000 | 83,000 [kN/m?
Eur"f 405,000 | 210,000 | 330,000 | 600,000 | 720,000 |1,335,000(1,110,000 |1,245,000 [kN/m?
m 0.75 0.75 0.5 0.5 0.5 0.62 0.61 05 |

Vur 0.2 0.2 0.3 0.3 0.3 0.2 0.2 03 |

Ko™ 0.577 0.555 0.506 0.624 0.506 0.597 0.603 0.557 |

c' 10 16.5 9.7 12.2 9.7 54.9 38.6 9.9 |kN/m?
¢' 25 26.45 29.6 221 29.6 23.78 23.4 263 |°

U 0 0 0 0 0 0 0 0 °
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Théng sb cua cac 16p interface 1ay gidng véi cac 1op dat, Muc nudc ngam 6n dinh theo quan
trac tai thoi diém bat dau dao ting ham nam ¢ do sau 4m dudi mit dat.
ref N , , ey ref
Giatri cua Eur duogc deé xuat lay gia tri bang 158,
Trinh tw cac phase dao.
Phase 1: Thi cong tudng vay va dam mii.
Phase 2: Pao xudng cao d6 -5.95 bén dudi mat dat.

Phase 3: Thi cong san him F1, B1 tai cao d6 -0.85 va -5.35, sau d6 dao xudng cao do -15.15
bén dudi mat dat.

Phase 4: Thi cong san ham B3 tai cao d6 -14.35, sau d6 dao xudng cao do -21.15 bén dudi
mat dat

Phase 5: Thi cong san ham B2, B5 tai cao d6 -9.85 va -20.35, sau d6 dao xudng cao do
maximum -25.15

Phase 6: Thi céng san him B4, B6 tai cao d6 -17.35 va -23.35

Phase 7: Giai doan lau dai

A

Hinh 3. M6 Phong bai toan 1 coc va 4 coc lan cén.

Thong sé coc.
> Gia str khoang céch giira cac coc 1a 6m. Ta quy d6i coc 3D V& coc 2D bién dang
phang.

Coc chu yéu chiu nén. Qui ddi :dwx1(m)x6(m) =A .
Tai trong 1én dau 1 coc 14 m 12 200 KN, coc 40 m 1a 2000KN.

> Dé tién cho viéc so sanh két qua giita nhom coc c6 diéu kién lién két va nhém coc
khong dai, dai coc dugc su dung vai d6 cung rat 1on twong duong tang ham base 6.

Thong s6 cac san tang ham:
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> Céc san tang ham 1 dén 5 (B1 dén B5) c6 bé day 0.6 m, san ting ham day c6 chiéu
day 2.3 m (Base 6).

» Day la cong trinh thi cong theo dang top-down do do tai trong s€ tang khi dao sau do
c6 cac tang trén duoc thi cong. CAc tai trong cua san tang ham va cac san da thi cong
bén trén s& truyén vao hé kindg-post. O day, vin dé& duoc quan tam 1a chuyén vi cua
hé twong vay anh huang 18n hé mong coc 1an can do do, hé king-post va trong lwong
cac san dugc chdng ta bo qua trong mé-phong qud trinh thi céng hé tuong vay va 6
tang ham ma khong 1am mat di d6 chinh xac cua két qua bai toan. Piéu nay da da
duoc kiém nghiém bang nghién ciu va quan trac hién truong chuyén vi ngang tuong
vay trong Luan vin thac s§ Duong Minh Tri(2010), Ung X Ciia twong vay khi thi cdng ho
ddo sdau, Thur Vién Dai Hoc Bach Khoa TP.HCM. (Trang 184-106).

4. Két qua.

4.1 Biéu do momen 1 coc.

Biéu d6 moémen xét & giai doan I&n nhat Phase 6, cé thé két luan bang cach nhan xét ch& d6 Animation.
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Hinh 4. Két qua biéu d6 bao momen trong coc dai 14 m.

Nhan Xét: Mémen cua 1 coc 16n gap 43 1an mémen max xuat hién trong nhém 4 coc. Nhu vay
néu qui chuyén vi ngang cua dat do tudng vay bién dang ngang thanh tai ngoai P thi nhém coc
c6 tac dung chiu tai hd tro 1an nhau- tic 13 chia dé tai cho cac coc. Tuy nhién diéu kién nay chi
dung khi cac coc cung diéu kién bién, tic 1a cung dau tu do. Khi nhém 4 coc duogc lién két vao
dai c6 do cang 16n thi do co diéu kién han ché chuyén vi dau coc nén momen ting 1én 32 1an so
v&i momen max coc tu do , gia tri momen max dat tai vi tri -8m.

Biéu d6 momen 1 coc c6 chiéu dai 40m.

1 Coc nhém 4 coc khong dai nhém 4 coc cé dai
5.00
0.00 0.00
_ — 0.00
.5.00 -5.00 k| .
: 5,00 !
-10.00 -10.00 3 10,00 t
— E
-15.00 -15.00 = -15.00 I
-20.00 220,00 ) L'______ 20,00 —
-25.00 -25.00 = -25.00 E_,
-30.00 -30.00 [~ S0 —
—
- -35,00 —
-35.00 -35.00 Ji—
-40.00 0.—
-40.00 -40.00 .
-45,00
Envelope of Bending | Envelope of Bending mom Envelope of Bending mor
treme bending moment 13, ‘eme bending moment 144,46%1( xireme bending moment 6.5
M=0.08 KN.m M=0.432 KN.m M=199.7 KN.m

Hinh 5. K&t qua biéu d6 momen trong coc dai 40 m.

Nhan xét: Mémen max cla 1 coc ty do lai nhé hon 5.4 [an so véi momen nhém 4 coc tu do. Diéu nay ¢
thé giai thich do luc nay tai trong I1&n ( 2000KN so véi 200KN coc 14 m) nén gay ra hiéu rng P-delta, lyc
doc truc l&ch khdi phuong thang dirng coc, cong véi hidéu trng chong chat (ng suat coc nay 1én coc kia
lam nhém coc chuyén vi I&n hon gay ra mdmen Ién. (Cung diéu kién bién ma bién dang I6n hon 3t han
momen |&n hon). C6 thé tham khao thém phan D6 Lan va Chuyén vi ngang dé hiéu rd hon két qua nay.
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Tuong tuw nhw nhdm coc dai 14m, nhdm coc dai 40 m khi cé lién két dai coc d6 cirng 1dn, diéu kién rang
budc han ché chuyén vi dau coc, lam mdmen trong coc rat I&n —gap 475 lan so véi nhdm coc cé dau coc
tv do.

4.2 P liin va chuyén vi ngang diu coc

L [m]
0.0351
0.031
0.0251
Mhom-Bai 14-x
0.021 .

Mhom-14 x

0.0151~ ——
0.011

Se-31

-Se-3 1 t 1 1
i) 40 a0 120 160
Time [day]
Hinh 6: Chuyén vi ngang dau coc (dai 14m).
Uy [m]
se-31- ¢
+
Coc-14-y
-0.011
——
NHom-14 y
-0.0151
MNHom-B&i-14 v
-0.021
-0.0251
-0.034
-0.035 | | | |
0 40 80 120 160
Time [day]
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Hinh 7: D6 Lan dau coc(dai 14m).

- Nhan Xét: Chuyén Vi ngang 1 coc (3 cm) gip 3 lan nhém 4 coc (1 cm), nhém coc c6 dai
chi dat 0.4 cm. Diéu nay c6 thé giai thich do su anh huong caa nhdm coc 1an cin nhau, ving dat
xung quanh coc it dich chuyén hon. Twong Ty Nhom coc c6 dai s& dugc lién két chat hon.

- V& d6 IUn :thi Nhém 4 coc tu do 1Gn ( 3.3 cm) gﬁn nhu 1 coc (3.2 cm). Con nhom c¢o6 dai

coc lan it hon do duoc lién két( 2.5 cm).
- D6 Lin va chuyén vi ngang déu coc, cda coc 40 m.

I [m]
00251

0021
0.0151
0.011

Se-31

—
Cocd0-x

—
Mhom-Biai 40-x

MHom40-x

i 40 80
Time [day]

Hinh 8: Chuyén vi ngang dau coc (dai 40m).

120

160

Chuyén vi ngang nhdm 4 coc ty do(2.3 cm) 1én gap ddi coc riéng 18 (1 cm) , va nhém 4 coc
c6 dai thi khong lan dang ké (0.1 cm) . C6 thé gian thich do tai Ion , anh huéng caa ving chong
chat ung suat 16n hon anh hudéng dat nén it chuyén vi do c¢6 nhiéu coc 1an can.
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Ly [m]
0.034
0,064 —
Coc-40-y
Mhom-40-y
0,054 I
Mhom-Baidd-y
0.12 | | | |
0 40 30 120 160

Time [day]

Hinh 9: P64 L4n d4u coc(dai 40m)

Do lin dau coc nhém 4 coc ty do (11 cm) 16n gap d6i d6 1an 1 coc (5 cm) , cho thay anh
huong 16n caa hién tuong chong chat @ng suat. Nhom cé dai lun 1.5 cm.
Phan Tich: goi (1) hé s6 anh huong lién két nhom: x
(2) hé s6 anh huong do chong chat ang suét: y
(3) hé s6 anh huong do thay d6i chiéu dai coc va tai trong 1&n 1 coc :K
> Ta c6 duoc: mbi quan hé mémen max giira 1 coc va nhém 4 coc tu do:
4.12(4x+y) =0.096

0.08(2 419y _ 0,432
K K
Trong d6: K tinh bang trung binh sy thay doi cia mome max va chuyén vi ngang max.
k=12, 30 97
0.08 1
Giai ra duoc:

X=—-4
{ vay Y = 4.1, hay x anh huong 20%, y anh huong 80%.  (4)
X

y=16.2"
> Tuong tu: mbi quan hé chuyén vi ngang max giita 1 coc va nhom 4 coc tu do:
3(4x+y)=1
1 (21 55
K K
Giai ra duoc.
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Xx=-1.63
{y o7 VY Y _ 4.2 hay x anh huong 20%, y anh huong 80%.  (5)
=0. X

5. Két Luin

Moment va chuyén vi ngang caa coc va nhém coc do anh hudéng cua qué trinh thi cong
tuong vay, c6 thé thdy anh huong boi 2 nhan té: hiéu wng chong chat wng suét do tai ban than
(80%) va hiéu tng lién két nhém (20%) khi dat chuyén vi ngang. TUy vao tai trong trén dau coc
va sb luong coc ma nhan té nao s& quyét dinh, cu thé khi tai nho hiéu wng lién két nhom s& quyét
dinh, khi tai 1én thi hiéu tng chong chét (ng suét s& chiém wu thé. Tuy nhién, ti trong anh hudng
véan khong doi (20%-80%).

Khi nhém coc duoc lién két vao dai coc co d6 cang rat 16n s& han ché chuyén vi ngang (15,2
lan) va d6 1n (4.3 lan), do d6 mémen max tang 1én rat 16n (890 1an) so véi nhém coc khong dai.

Tai liéu tham Kkhao.

[1] Plaxis PV, Reference manual and Meterial-Model manual

[2] Chau Ngoc An (2012), Co Hoc Pdt, Pai Hoc Quéc Gia TP.HCM.

[3] Luan vin thac sy Duwong Minh Tri(2010), Ung xu cla tuong véy khi thi céng hé dao séu, Thu Vién Dai Hoc Bach
Khoa TP.HCM.

[4] Michael Tomlinson and John Woodward (2007), Pile Foudation, Taylor & Francis, UK.

[5] Chang-yuou(2006), Deep Excavation, Taylor & Francis, UK.

[6] Dimitrios lliadelis(2006), Effect of Deep Excavation on an Adjacent pile Foundation, MIT.
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Nghién ctru sirc chiu tai coc khoan nhoi trén co s& thi nghiém nén tinh theo tiéu
chuan co s& 01:2011/sl va tiéu chuan eurocode 7
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Tém tit: Bai bdo trinh bdy hai phwong phdp nghién ciru xdc dinh sirc chiu tdi cia coc khoan nhoi
dia trén Co s¢ phwong phdp thi nghiém hién trwong bang tdi trong tinh ép doc truc theo TCCS
01:2011/SL va Tiéu chudan Eurocode 7 - Geotechnical Design. Dya trén két qua tir thi nghiém hién
truong va cde biéu do quan hé tdi trong - chuyén vi - thoi gian ciia dau coc dé phan tich, tinh todn va
so sanh két qua giita hai phiong phdp tinh todn. Phwong phdp dé nghi ndy da dwoc dp dung cho cdc
céng trinh cu thé nhie: Cao oc Pacific - Qudn 1 - Tp. HCM, Khu c¢éng nghé cao - Qudn 9 - Tp. HCM,
Cum cao éc Belleza - Qudn 7 - Tp. HCM, Trung tam Thong tin KH & CN Khu viec Phia Nam - Qudn
11 - Tp. HCM, Khu tai dinh cw ban dao Thu Thiém - Qudn 2- Tp. HCM v.v...

T khéa: Tir bién — 5 biéu d6 logarit — Chudn 6n dinh — Chudn cudng d6 - Coc dai.

1. Pit van dé:

Trong thuc nghiém, viéc xac dinh strc chiu tai cia coc khoan nhdéi dua trén co s& Phuong phap
thi nghiém nén tinh hién trudng la mot trong nhirtng phuwong phdp duoc danh gia la cé do tin
cay cao nhat duwogc ap dung trong pham vi cho cac loai coc bé téng cét thép thi céng (ddng, ép,
khoan tha, khoan dan, khoan nhéi...) so véi cac phuong phap khic duoc st dung cho dén hién
nay.

Hién tai da cé nhiéu phuong phap dé xac dinh Strc chju tai gidi han (Limit Load) cla coc don
dwa trén ké&t qua tir thi nghiém hién trudng bang tai trong tinh ép doc truc va cac biéu d6 quan
hé tai trong - chuyén vj - thoi gian cla dau coc khac nhau chang han nhu mét s6 phuong phap:
Stre chiu tai gidi han cta coc rng v&i chuyén vi gidi han quy udc, Phuwong phdp Davisson (1972),
Phuong phéap De Beer va Wallays (1972), Phuwong phap Canada Foundation, Tiéu chudn 80% va
90% cla Brinchhansen (1963), Phuong phap Fuller va Hoy (1977),... da duoc dé cap trong TCVN
9393:2012: Coc - Phuwong phép thi nghiém hién trwdng bang tai trong tinh ép doc truc.

Do d6, bai bdo chi tap trung nghién ctru, phan tich, tinh todn va so sanh két qua Strc chiu tai coc
khoan nhoi trén co sé& thi nghiém nén tinh hién trudng theo 2 Tiéu chuan TCCS 01:2011/SL va
Tiéu chudn Eurocode 7-Geotechnical Design, |a 2 tiéu chudn md&i dya trén 2 hé théng tiéu chuan
|én clla My va Chau Au .
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Diing cpc neo lam dbi trong

Diing cdc khdi bé tong dic sdn la ddi rong

Hinh 1. So d6 Thi nghiém hién trudong
bding tdi trong tinh ép doc truc.
Ly thuyét nghién clru th& nhat ¢ co s& khoa hoc la sy két ndi nguyén ly tinh todn thudc Trang
thai gidi han 1 & 2 cla két cidu céng trinh do GS — Vién si Stréleski dé xwdng véi nguén gdc cla
hai nhém trang thai gi¢i han trong két cdu cong trinh va hai mé hinh cua tlr bién ng dung duoc
trién khai tir ly thuyét tir bi€n cda Aruchiunhan:

1/. M6 hinh tir bién pha hoai, so d6 cta Trang thai gidi han th& 1, bao gdm chudn én dinh
thudc giai doan 1 va chudn cudng do thudc giai doan 3 clia ham tir bién C(t, T) (thé hién qua céac
diém gay trén do6 thi quan hé Logarit cGa TCVN 9393: 2012).

2/. M hinh tlr bién 6n dinh cia ARUCHIUNHAN, so d6 cla Trang thai gidi han tht 2 13 co s&
dat ky vong cua tudi tho cdng trinh thudc giai doan 2 clia ham tir bién C(t, T).
Ly thuyét nghién clru thir hai cé co s& khoa hoc dya trén Hé théng Tiéu chuian Eurocode ma Uy
Ban Ky Thuat Chau Au vé coc (ETC3) clia Hiép Hoi Co DAt va Dia Ky Thuat Quéc Té (ISSMGE) d3
dé nghi mét phuong phép vé céch thirc thi cdng va qui trinh thi nghiém thi tai tinh doc truc coc
bao gdm viéc xac dinh strc chiu tai coc va triét ly thiét ké theo Eurocode 7 (De Cock et al., 2003).

2. Co sé Iy thuyét:
2.1. Phwong phdp nghién ciru dwa trén TCCS 01:2011/SL:
2.1.1. Vé dic trung Py(S) — khd nang chiu luc gidi han ciia coc xét theo chudn én dinh (Limit load
under stabilization standard of Limit State):
C s e e o AS i w3 AR s 4 A i 1
Ghi nhan dién bién cla T gua moi cap tai Pidé xac dinh Pgh(S). Tir day [ap do thi (P,Tj thé hién cac

dac diém sau day:
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, AS , ’ s e A, Lo
a) Khi P chua du Ién thi gia tri T bé, xé dich tang giam do tinh bién déng cua dia chat, khi P gan

. JAS o | AS A m LA
VOi Pmax thi Ttang va vuot chuan T ~ 0,50 mm/h (chuan théng ké cta TCCS 01:2011/SL) c6 do tin

AS , .
cay cao. Sau do T chi cé tang va tang vot (khi thang tai khong doi).

. . . AS R ™ .
T diém vugt chuan doé trén do thi (PTJ ta cé Pgn(S) — kha nang chiu lyc gidi han cua nén coc xét

theo chudn 6n dinh thudc trang thai gidi han 2. Day 13 dic truwng cd y nghia I&n trong céng tac khao sat.

. , , AS . . w
Néu trong dai tir Prx dén 2P+, T luén luén bé hon dang ké so v&i chuan tirc NEN COC c6 TRANG

THAI BINH THUONG. Hay ndi cach khdc, trang thai nén coc dwoc xem 13 binh thuwong chat lwong dan hoi
clia nén coc khong qua thap khi hién twong mat 6n dinh xuat hién MUON, tirc sau 2Prx. Pgh(S) xuat hién
rat muon, t&rc chdm mat 6n dinh.

AS . | AS . s e , .
Khi T < chuén{T} - constant, do la diéu kién tién quyét dé dam bao cho céng trinh vé lau

dai dwoc én dinh trong tudi tho (diéu kién ddm bao cho cdng trinh lam viéc binh thudng). Nguoc lai,
tudi tho cong trinh s& bi suy giam.

. A . | A . , . .
Song, phai kién tao cho TS < chuén[TS} dé & giai doan 2 dat dwoc ché do 6n dinh dé tir d6 tao

ra tién d@ cho tudi tho lau dai cha cong trinh.

. , . S . | S .
Pdc trwng kiém tra cua giai doan 6n dinh nay la E < chuan {E} —> const = trang thai on dinh.

, AS . | AS ¢ e as 2 o
b) V&i nhitng vi tri nao trong dai cé T > chuan [T} thi vdi cap tai do xay ra trang thdi mat on

dinh. Hay néi cach khac, d6 13 TRANG THAI DI THUONG, can phai xem xét, diéu chinh cac dic trung gia
thiét vé coc. Pgn(S) xuat hién khd sém. Truding hop nay dugc xem 13 hién twong mat 6n dinh xuat hién
sém.

Dic trung Pgn(S) c6 ndi dung ddc biét quan trong nhu d3 ghi & Phu luc 1, 3 va 4 c6 lién quan dén
Pen, chiéu dai hop Iy cla coc, cé hay khéng thudc hién tugng “dai” clda coc. Mac du tir 1au nhiéu nuwdc

s AS
trong do6 co Viét Nam da s dung khai niém T' song chua tron ven nén da chwa van dung vao nhirng

muc dich quan trong, hitu ich.

5 2 AS
Chuan 6n dinh 1: [T} = 0,50 mm/h (theo TCCS 01:2011/SL).

~ ~ S v
Chuan 6n dinh 2: I:E} ~ (0,18 — 0,24) mm/Tan (theo TCCS 01:2011/SL).
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1S
Va 5| 0,254 mm/T (theo BS-8004),

AS , , , , n . R X
Trong dé: T — Chénh léch lun giira 2 cap gia tai lién tuc cua thi nghiém nén tinh hién truong

trong 1h lwu tai dau tién cla mbi cap tai twong (rng.
S e A
— —Suat lun trén 1 tan.

2.1.2. Vé dic trung Pg(R) — khd ning chiu luc gigi hgn cia coc xét theo chudn cwong dp (Limit load
under bearing capacity standard or Resistance):

CAS < |AS | o e
Khi T tién gan dén va vugt qua gia tri cua chuan T thi giai doan 2 tat yéu sé xuat hién. bay

13 nha&n xét quan trong cda TCCS 01:2011/SL. Con giai doan 2 la ddc trung cta trang thai cwong d6 cha
nén coc dwoc giai ma nho cach thiét 1ap cac quan hé loga nhw TCVN 9393:2012 E.2 d3 dwoc chuyén dich
tlr QP Hoa Ky.

Dic trung ndy duoc xac dinh bdi cdc d6 thj loga tiéu biéu nhu d@ cip cda TCCS 01:2011/SL trén
nén tang cta TCVN 9393:2012.

S S
Pv_ ’ (/gPI S)/ (IgPI /gS), (Igt/ S)/ Pa_ .
P Igt
Trong TCVN 9393:2012 phu luc E.2 nhu d3 ghi, trong cdc quan hé trén, d6 thi ndo ciling chira S. Vi
vay cong tac thu thap S c¢é tam quan trong dang dugc luu y, song chua da néu khdng xtr ly tiép.

NEu Pgn(S) Ia dic trwng tiéu biéu vé 6n dinh cla giai doan 1 cla cla trang thai gidi han th 2, thi
Pen(R) la ddc trung tiéu biéu vé cudng do, biéu thi tai giai doan 2 cla trang théi gidi han thir 1.

Nguyén tac xac dinh Pgn(R) la xét theo nguyén tac chuyén vi ngau nhién clia dau coc nén mang tinh
khach quan cao. Cac d6 thj nay s& cho cac diém giy ngiu nhién ctia chuyén vi dau coc S cé chira trong
tat cd cac quan hé dé. Mbi diém gay nguy hiém 13 1 “mot y&u t6” can xem xét clia Pgy(R) can tim.

Co s& cla trang thai gidi han thr 1 13 & giai doan nay xuat hién ngdn ngli va cé dic thu riéng theo
tirng diéu kién dia chat riéng biét.

Day ciing chinh 1a nguyén tic xét theo diém gdy ngau nhién cla cac do thi loga vira néi & trén. Vi
vay Pgn(R) 6 gid tri tin cdy rat cao.

2.1.3. Vé diic trung Py, — khd néng chiu luc gidi han ciia coc (Selection of Limit Load):
Chon Pg, — Selection of Limit load: cho phép xdc dinh gia tri Pg, hop ly, tin cdy thda man ca hai
chuln dé la chuin cudng d6 Pgh(R) va chuan én dinh Pgh(S) (R — Resistance, S — Stabilisation):

Can xem k¥ phu luc 1 ctdia TCCS 01:2011/SL.
Cé ba truong hop xay ra, tly gia tri twong quan gitra Pgn(S) va Pgn(R):

1/.Trwdng hop 1: Pgh(S) = Pgh(R) = binh thudng = Pgn= Min {Pgn(S); Psn(R)}.

2/.Trwérng hop 2: Pen(S) = Pan(R) = Trudng hop thuan Igi > co hdi dé diéu chinh gidm chiéu dai
coc L(m) = Tré& vé trudng hop 1/. binh thwdng = v nghia vé kinh té.
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3/.Trwerng ho'p 3: Pgn(S) << Pgh(R) = Trwéng hep di thwérng & nén coc - phat hién coc dai > dé
xudt gidi phap x ly thich hgp = phuc héi trd lai truérng hop binh thudng.

Tu d6 xac dinh gia tri Sgn qua d6 thi {(P, S, t) va Pgn} = Xac dinh: {Px, [S]}.

NéEu khong xtr ly, budc phai |8y Pgn = Pgn(S) s& gy tén kém rat 1én vi lam tang s6 lugng tim coc néu
khéng gia cuwdng nén coc. Khuyé&n cdo nén thi nghiém khi dang thiét k& méng coc nhu van lam véi nhitng
cong trinh cé qui mo 1én.

NEu muén nang Pgh(S) phai dung cac gidi phap k§ thuat nhu bom xi mang vao nén coc, thay déi so
d6 két cau coc bang cach ting kich thuwdc dai coc hodc théi rira day coc nhdi v.v... hodc ciing cé thé diéu
chinh lai cdc d3c trung cla coc gia thiét (D, L, P), song s& rat tén kém.

P . N R .
Vé hé s an toan cta P, Gid tri:{Fs = > 2} nay phai nam trong HANH LANG AN TOAN c6 bé
TK
s y AS . | AS S . |S ,
rong dai tir Prx dén Pgn. Trong hanh lang nay, hai gia tri: T < chuan [T:l va E < chuan [E} phai
théa man.

2.2. Phwong phdp dinh gid sirc chiu tdi coc theo Tiéu chuin Eurocode 7:

Cach chon strc chju tai coc tir két qud thi nghiém thir tai tinh tir nhitng coc cé chiéu dai khac nhau va sirc
chiu tai cwc han khac nhau nhu sau: (Tham khéo tir vi du 13.3 cta Decoding Eurocode 7, Andrew Bond &
Andew Harris, 2008).

1.Ghi nhan cac két quad do duoc tir thi nghiém thir tai tinh coc, bao gdm: chiéu daicoc, tai nén lén
mdi coc va do lun tuwong (ng vdi tirng coc tai nhitng vi tri khac nhau trén cong truong. Trudng hop
nay thuwdng sir dung trong giai doan th&r coc thdm do, nghia la chua biét kich thuwdc coc thiét ké (chiéu dai
va dudng kinh coc) va tai thiét k& coc; phan 1&n chi dwa vao d6 lun gidi han cho phép dé xac dinh tai cuc
han cta coc.

Budc nay van st dung cho giai doan thir coc kiém tra, nghia la da chon duogc loai coc,
kich thudc coc (chidu dai va dudng kinh coc) va stre chiju tai coc thiét ké.

2. Dua vao céc két qua so bd bén trén, chon kich thudce coc (chidu dai coc va duwong kinh coc).

3. Duva vao diéu kién dia chat cu thé, ngudi thiét ké cé thé gid dinh chiéu day I&p dat c6 thé xdy ra ma st
am hodc bo qua ma sat am.

4. Banh gia strc chiju tai coc tir k&t qua strc chiju tai bén trén, dé rat ra stre chju tai cla nhitng coc can sk
dung dé tinh todn theo Eurocode. S dung céng thirc sau dé danh gia strc chiu tai cha tirng coc:

Trong do: Dx(L—LO)
R,=P, x——mM—
Rt la strc chiu tai chuan h(anK& king 'em},
P 1a tdi nén |én tirng coc, xac dinh & budc 1;

D L: 18N luot 1a dudng kinh va chiéu dai cta tirng coc & bude 1;

D, L: lan luot 13 duwong kinh va chiéu dai coc chon & budc 2;
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Lo: la chiéu day I&p dat cd thé xdy ra ma sat &m dugc xac dinh & budc 3.

Can loai trir nhitng gia tri R,, xac dinh & budc 4 khichiéu dai coc chon L 1&n hon
chiéu dai coc thyc L.

5. Xdac dinh s8 lwong coc con lai (n) sau khi d3 loai trir mét s6 loai coc & budc 4 (néu cd).

6. Strc chiu tai chuan héa trung binh cta coc duoc xac dinh nhu sau:

R =

m,mean

Rm
Trong dé: n
Rm,: la strc chiu tai chudn hoa cltia coc thit i, xac dinh & budc 4;
n: 13 téng sb coc, xac dinh & budc 5.
7. Strc chiju tai chuin héa nhé nhat cla coc dugc xac dinh nhu sau:

R =min (R, 1, R, R R._.)

m, min m,32***2'"‘mnnl.

8. Xac dinh cdc hé s6 tuwong quan &, & phu thudc vao s6 lugng coc thir theo bang sau:

S6 lwong coc thdrn=| 1 2 3 4 | 25

&1 1,40 1,30 | 1,20 | 1,10 | 1,00
& 1,40 | 1,20 | 1,05 | 1,00 | 1,00

9. Néu k&t ciu dai coc di cirng dé cb thé truyén taitrong tir coc yéu hon sang coc cirng hon, thi can
hiéu chinh cac gid tri £ nhuw sau:

E'1 = max (ﬁ 1,0)

Fi
s

Nguoc lai néu két cau dai coc khdng dl cirng dé dam bao truyén tai tir coc yéu hon sang coc cirng hon, hay dé
dam bao dd an toan hon trong thiét k&, ngudi thiét k& cé thé bd qua budc ndy, nghia 1a khdng gidm hé s6 tuong
quan € xudng 1,1 lan.

10. Strc chiu tai chuan hda sau khi hiéu chinh hé s6 twong quan € nhu sau:
- Strc chju tai chuan héa trung binh hiéu chinh: R, ... /¢'1;

- Strc chju tai chuan héa nho nhét hiéu chinh: R, . /¢'2.

11. Strc chiju tai dac trung duoc xac dinh nhu sau:
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Rck — mln{(Rm )mean 1(Rm )min}
& S

12. Xac dinh hé s& riéng cho Strc chju tai: Cac hé s6 sirc chiu tai riéng cho coc khoan nhoi dugc tédm tat
nhu sau:

Loai
Stre chju téi Ky hiéu
R1 R2 | R3 | R4
Mii coc Vb 1,25 1,1 |1,0] 1,6
Thén coc (chiu nén) Vs 10 | 1,1 |10 1,3

Téng (thdn + mii coc) (chiu nén) Ve 1,15| 1,1 | 1,0| 1,5

Téng thdn coc chju kéo Vsit 1,25|1,15|1,1| 1,6

Do két qua thir tai bang nén tinh chi thu duogc sirc chiju tai téng (g6m ca miii coc va than coc), nén ta chi
str dung hé sé strc chju tai riéng y:.

Tuy theo tirng phuwong phap thiét ké (DA), ma cé thé str dung cac hé s6 riéng cho strc chiju tai khac nhau.
13. Xac dinh strc chiu tai thiét ké clia coc nhu sau:

R — RC,k

c,d
&
DAy la strc chiu tai coc theo thiét k&, duoc sir dung déxac dinh sd lwong coc trén mot méng va s6 lugng
maong cho toan bd cong trinh.

3. S6 liéu thi nghiém nén tinh va két qua tinh toan:
Quy mo cong trinh nghién ctru:

1/. Cong trinh CHUNG CU’ CAO TANG HIEP TAN (57 Té Hiéu, Phworng Hiép Tdn, Quén Tén Phd, Tp.
HCM)

2/. Céng trinh LIM TOWER (9-11 Lé Thdnh Tén, Quén 1, Tp. HCM).
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Hinh 2. Biéu d6 quan hé dic trung gilta 3 dai lugng (P, S, t) trong thi nghiém nén tinh.

4 I
Bi€u d6 so sanh két qua giira TC 01:2011/SL & Eurocode 7

Tan

B Pmax
W Pgh_TC01:2011/SL 920 1710
Pgh_TC Eurocode 7_A 813 1661
M Pgh_TC Eurocode 7_B 895 1827
- J
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Hinh 3. Bang téng hop phan tich va so sanh két qua tinh toan.
Pgh /Pmax (Ti |é %)

Thi nghiém nén tinh coc

khoan nhoi TCCS TC Eurocode TC Eurocode
01:2011/SL 7 A 7 B
1/, | Cong trinh chung cu 80% 71% 78%
Hiép Tén
2/. Cong trinh Lim Tower 76% 73,82% 81,20%
Ghi chu:

- Tiéu chuan Eurocode 7_A : Tinh todn vdi gid thiét dai coc khéng did cirng dé truyén tai tir

coc yéu hon sang coc ctrng hon.

- Tiéu chuan Eurocode 7_B : Tinh todn vdi gid thiét dai coc du cting dé truyén téi tir coc yéu hon
sang coc cung hon.

4. Bang: Danh sdch dai biéu:

Ho tén Co quan Dia chi

ThS. Nguyén Viét| s ciu Puong Cang Thanh|272 C6 Bdc, Quan 1, Tp.
Tudn phd H6 Chi Minh H& Chi Minh

97 V& Vdn Tan, Phudng
Khoa X4y Dwng — Pién, Pai|6, Qudn 3, Tp. H6 Chi
TS. Tran Tuan Anh Hoc M& - TP.HCM Minh, Phong 312

5. K&t luan:

Gia tri Pg, dwoc xac dinh theo hai phuwong phép trén khdng chénh Iéch nhiéu, khi sir dung phuong phap
tinh toan theo tiéu chuin Eurocode 7 thi trwdng hop dai coc dd cling cho gia tri Pg, cao hon so véi
trudng hop dai coc khéng du cing.

Hai phuwong phdp xac dinh gia tri strc chiu tai gidi han cla coc don theo TCCS 01:2011/SL va tiéu chuin
Eurocode 7 trén day |a 2 trong s6 nhitng phuong phép kién nghi cé dé tin ciy cao xét trén ly giai vé ly
thuyét riéng ctia mdi tiéu chudn thudc 2 hé théng tiéu chuan Ién Chau My va Chau Au.

Théng qua bai bdo, két qua tinh todn theo hai phuong phdp dwoc dé nghi cé gid tri tham khao cho co
quan thiét ké va giup cho cac ky su sir dung dé tinh toan gid tri strc chiu tai gidi han Pgh 1a théng s6 quan
trong nhat trong Bdo cdo két qua thi nghiém nén tinh hién truong./.
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6. Sw Ghi Nhan:
Cdc tdc giG xin givi 1 tri Gn chdn thanh nhét dén GS.TS. NGUYEN VAN DAT dé tén tinh gop y va chia sé

nhirng kinh nghiém quy bdo trong suét qud trinh thuc hién bai bdo nay./.
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Phé khoa Ky Thugt Xdy Dung —, Trrong Pai hoc M¢ TP.HCM

97 V6 Vén Tén, Phuwdng 6, Quén 3, TP.HCM

Dién thoai: 0942.555.333 Email: ttanh.hcm@gmail.com

ThS. Nguyén Tan

Bd mén Két Cdu Céng Trinh, Khoa Ky Thudt Xdy Dung, Triwd'ng Bai hoc Giao Théng Vién Téi TP.HCM
S6 2, dworng D3, Phurong 25, Quén Binh Thanh, TP.HCM

Dién thoai: 0937.864.816 Email: tannguyen.civil@gmail.com

Tom tdt. Bai bdo tiép cdn mét trudng hop déc biét trong bai todn strc chiu tdi cia mong néng-Mdng béng
trén 16 réng- st dung phuong phdp phdn tich gidi han trén nén tdng phuwong phdp sé phén tich déng hinh hoc va
cdc giGi thudt téi wu todn hoc. Céng thirc 10 gidi phén tich gidi han di tir can trén dua trén tiéu chuén phd hoai
Morh-Coulomb va ludt chéy déo két hop. Trudng bién dang duroc xap xi diing phurong phdp sé déng hinh hoc (IGA).
Bai todn phdn tich gidi han tir 10 gidi cn trén dwoc dwa vé bai todn téi wu vdi rang budc hinh nén bac hai (SOCP).
Gid tri tinh todn duworc so sdnh vdi & giai Baus and Wang (1983), két qué so sdnh la rdt twong déng.

Tir khéa: phan tich gidi han can trén — méng bang trén 16 rong — phan tich dang tham s6-SOCP

1. Patvan deé

Trong sy phat trién cla ly thuyét tinh todn strc chju tai cia bai todn mdng ndng, strc chiju tai cwc han cla
mot méng don ndm trén mdt nén dat dong nhat cé chiéu sau xem nhu v han d3 dwoc nghién ctru va
cho ra nhitng 1&i giai giai tich duwoc cac ki suw nén méng chap nhan va s dung rong rai. Tiéu biéu I3 1&i
gidi gidi tich cla Terzaghi(1943)[12] dwoc dién ta nhu sau:

1
a, =ch+qu+nyBNy (2)

Tuy nhién trong thuc tién xay dung, trong mot s6 trudng hop dic biét ciia nén dat dwdi mong bing, nén
dat chira cac 16 réng khong mong muén nhu thi cdng cac cdng trinh ngdm, thi cdng cac cdng trinh khai
khodng, su hoa tan clia nén da & mét tiép xdc vdi dat nén va tao ra 16 rong, hay cé thé 13 céc tai bun
chay 16ng trong nén. Do dé viéc lvgng héa mirc dd dnh hwdng clia cac 16 rdng dén strc chiu tai cla nén
1a hét strc quan trong . Dén thoi diém hién tai cd rat it cac tac gid cong bd két qua nghién clru vé bai todn
nay, tiéu biéu c6 Baus and Wang (1983)[2] dung phwong phép thuc nghiém va sau d6 cling chinh hai tac
gia trén dung phuong phap phan tich phan tl hitu han dé kiém chirng cac két qua thuc nghiém.

Do do trong pham vi bai bdo nay chung t6i dung phuong phdp phéan tich gi¢di han can trén dua trén
phuong phap s6 phan tich ddng hinh hoc va thuat todn t6i wu hinh nén dé chi ra strc chiju tai cia nhiéu
méng bang trén 16 rong va khong cé tai bé mat, dat nén duwgc xem nhu vat liéu dan déo Iy tuwdng tuan
theo luat chay déo két hop.

That vay, véi nhitng vat liéu dan-déo ly twdng véi luat chdy déo két hop Drucker and Prager. (1952)[11]
d3 phat trién dinh ly can trén va can dudi cé thé duwoc dung dé chi ra tai trong cwe han thyc tir hai gid tri
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can trén va can dudi. Nhin chung |&i gidi can trén dugc st dung phd bién hon 1&i gidi can duwdi. Bai vi 10i
giai di tir can trén |3 dé dang hon dé xay dwng hiéu qud mot truong kha di dong cho co ché truot cla
nén.

Dinh Iy can trén chi ra rang, ndng lvgng dugc tiéu tdn bdi mot trudng van toc kha di dong duoc can
bang vdi ndng lwong tiéu tan cla tai ngoai tac dong vao nén dat dé dwa ra mot tai trong cwe han dua
trén 10i gidi phan tich gi¢i han cdn trén. Hai thanh phan chinh cla tat ca cac bai todn phan tich gi¢i han
cdng cu rdi rac hda mién phan tich va thuat toan téi wu. Trudng van tc kha di ddng vdi sy tuong thich
v&i qui tdc dong chay déo va diéu kién bién chuyén vi, cé thé dugc xap xi vdi rat nhiéu phuwong phap tinh
toan khac nhau. Trong bai bdo nay ching tdi chon phwong phép s& dang hinh hoc (IsoGeometric
Analysis_IGA).

Phuong phap phan tich dang hinh hoc 1a mét hudng ti€p can méi nhat trong cac cong cu dé roi rac héa.
phan tlr va 1a thanh twu quan trong bac nhat trong qua trinh phat trién cda CAD (computer aid design)
do d6 sy hién dién ctia CAD duoc hiéu nhu 13 phan tich dang hinh hoc (IGA) va né duwoc gidi thiéu trong
Hughes et al (2005)[4].

Sau khi trwong van téc kha di dong dwoc xap xi bang phuong phap s& dang hinh hoc, budc tiép theo la
thiét 1ap bai todn t8i wu va ky thuat Iap trinh todn hoc dwoc st dung. Khi trwdng (rng suat va chuyén vi
duoc xap xi va dinh dé can trén va dudi cha ly thuyét déo duwoc dp dung thi bai todn phan tich gidi han
lién quan dén chuong trinh phi tuyén hodc tuyén tinh. Va cé rat nhiéu nhirng chwong trinh thwong mai
duoc viét ra dé gidi quyét nhitng bai toan t8i wu trén. Trong bai bdo nay ching t6i sir dung chuong trinh
hinh nén bac hai (second-order cone programming SOCP) dé giai quyét bai toan téi vu.

3. Thé thirc nghién ciru

3.1. Ly thuyét phén tich giéi han ti dinh Iy cin trén.
Ta xem vat thé cirng-déo thuyét ditrong mign Q € R?véi bién I, véi luc thé tich g va luc trén bién t.
Diéu kién rang budc vé chuyén vi I, duoc thiét lap, ', UT', =, [, NI, =J. Theo Iy thuyét can trén,

k&t cau bi sup d6 khi va chi khi tén tai trwong kha di déng U €U ,sao cho:
IQZGU-SH (u)dQ<W,, (u) (1)
i

Hay:

Dy (&(u)) <Weq (u) )
Vai:

D, (g(u))=jgdp(g)dQ (3)
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_ T T
Wext(u)_J.Qg UdQ+IHt udT, (4)
_ ] _
— 0
OX
XX a
e=|é&,|=Vu trongdé V= 0 — (5)
oy
7/Xy 2 i
| O 0y |
Goi A la hé s6 tai trong sup d6 cla lyc thé tich g va luc bién t gay ra, khi do trwdng chuyén vi kha di dong
ueU
D, (£(u)) < AW, (u)+Wy, (u) (6)
Véi W, (U) 12 cong clia lyc thé tich gova Iurc trén bién to khdng nhan véi hé s6 tai trong (tinh tai). Do véy

can trén cé thé tim dugc thong qua bai toan téi vu:
H 0
A" =minD, (£(u))-W,, (u) (7)

V@i nhitng rang budc:
(8)

3.2. Phwong phdp phdn tich dtfng hinh hoc (isogeometric analysis).

Phan tich ddng hinh hoc (IGA) Id mdt dang cla phan tich phan t hitu han (FEA). Ca IGA va FEA déu sir
dung khai niém ddng tham s6 c6 nghia 1 si dung chung nhi*rng ham co ban cho xay dyng hinh hoc ciing
nhu phéan tich bai toan. Tuy nhién cé mét sy khac nhau co ban gitra IGA va FEA |3, trong khi FEA str dung
da thirc Lagrange cho viéc xap xi hinh hoc va chuyén vj thi B-spline, NURBS hay T-spline s dung nhitrng
ham co ban cd thé dai dién chinh xac hinh hoc cling nhu x&p xi céc dai lvong chua biét nhu chuyén vi...
trong bai bao nay chdng ti sir dung B-spline cho viéc tinh todn cia minh.

3.2.1. Tém lwoc vé B-spline.

e Vector nat (Knot Vector)
Vector nGt trong moi phuwong 1d mot bod cac toa d6 khong gidm va cé quan hé ty 1é véi nhau theo bién
vat thé ma vector nut dai dién trong khéng gian tham sé

Vector nut cé dang:

(Gt
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Chiéu dai clia Vector nut ‘E‘ =n+p+1.0 day & lanat thi i, ila chi sé nat, n la s6 lwgng ham co ban
(basis functions) va p la bac clia da thirc.
e Ham co ban (Basic function)

Khi mot knot vector dugc chon thi cac basic functions sé& duwoc xac dinh theo cong thirc dé qui ctia Cox-
de Boor

Véip=0:

1 khi & < .
Ni,a(é)—{ LeEe oy )

0 trudng hgp khac
Véip=1,2,3,..

&E-¢&
N, (&)=—"""N, —1( )+
2= g N

§i+p+] _é:

N,,.(& (10
§i+p+l _§i+1 b

Chu y rang moi ham co ban cé da thirc bac p phu thudc vao ham co ban cé da thire bac p -1 trude d6.
Dao ham dau tién cla ham co ban B-Spline la:

d p p
N, (&)= N, (&-——N_, (& (1)
dé ” §i+p _éi ’ é:i+p+1 _é:iJrl !

Nhan xét: Ta thay rang vai trd cla ham co ban trong qua trinh giai bai toan vdi IGA va ham dang trong
FEA 13 tuwong déng vdi nhau. Diém khac biét co ban |a ham dang lam viéc trén cac nat cha phan tl
(Nodals) trong khi ham co ban lai [am viéc trén cac diém kiém soét (ndm ngoai mién vat thé) do dé ham
co ban thuong khéng ndi suy.

e Diém kiém soéat (control points) cach xay dung duong va mat B-spline.
Diém kiém soat thanh t6 chinh dé xay dung hinh hoc cho vat thé, va ching chinh 13 bac tu do trong bai
toan phan tich dang hinh hoc (IGA).

Céch thire xay dung mién hinh hoc cho bai todn IGA véi céc diém kiém soat va cac ham dang tuwong (ng
nhu sau:

e Duong B-spline:
C&=2.N,, (B, (12)

o Mait B-spline:
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n m

SEm=2.2 N, (M, (DB, (13)

i=1 j=I

Trong dé: {Bl. j},i =1,2,...,n;j =1,2,...,mLuédi cac diém ki€ém soat

N, (&),M, (1) Cac ham co ban bac p, g tuong (ng va cac Vector nit = = {§l,§2,...,§,...,§n+ml} ,
H:{51,52,...,55,...,5%%1} tuwong trng.

3.2.2. Phén tich phan tir hivu han véi B-spline.

e Roi rac hoa khéng gian ham sé.
Nhu d3 dé cap & trén thi Ngudn gdc y twdng cho viéc phan tich dang hinh hoc (Isogeometric analysis) |a
dung ham co ban dé md hinh chinh xac hinh hoc ca vat thé sau d6 dé xap xi cac dai lvong chua biét
trong mién vat thé.(geometric =fields).

Vay ta co:

x=) &P
I=1 (14)

u(x)=> ®,Eu,

O day: CD(é:) la ham co ban (ham dang trong FEA), n la s6 diém kiém sodt, & la toa d6 trong khdng giant
ham s,

e Tich phan sb.

Tich phan trén toan mién hinh hoc (mién vat thé Q) dwoc chia thanh nhiéu tich phan trén mién phan ti
Qe., nhirng tich phan nay duwoc chuyén dén nhitng mién phan tlr trong khéng gian tham s6 £, cudi clng

nhitng tich phan trén phan t& tham s6 dugc chuyén dén mién me (parent domain) [ & d6 ton tai qui tic
tich phan.

[ f(x,)d0 = Z [ reeya,

=3 [ £ || d (15)

Sy
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(1.1)
Physical domain

£
g

0O

(—1.-1) Parent domain
£,

¥ Tig1
M.
Q.
1 i
x
&i Sig

£ Parametric domain

LA

Hinh 1 Cac khéong gian dé tinh tich phan trong IGA
Tich phan cudi duwgc thuc hién bdi tich phan ciu phuwong Gauss-Legendre chuan. dic biét , mét
(p+1)x(g+1) diém Gauss la phu hgp cho nhitng phan tl&r hai phwong vdi bac cha ham co ban tuwong rng

cho méi phuong 1a p, q.

Hinh thirc chuyén tir mién me (parent domain) [ sang mién tham s& I:é,é:m]x[ryi,nm] duwoc cho bédi

=[5, o)

(16)
1 J—
n= 5[(77,-+1 —n)n+@,, +77,.)}
Do d6 ta cé ma tran chuyén Jacobian cé dang sau:
1
‘JQ‘ZZ((:H] _gi)(niﬂ _775) (17)

3.2.3. Xdy dung trwong khd di dong cho bai todn phén tich gioi han si dung IGA.

Trong pham vi bai bdo chdng t6i st dung ham co ban c6 béc 1 cho ca hai phuong.

Ma tran tinh bién dang dwoc cho bai:

o 0
B=| 0 @, (18)
CI)I y CI)I,)c

Chung ta xét bai todn hai chiéu nhw hinh bén:
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Hai vector nat cho hai phuong tuong &ng:
==1[0,0,1,2,2] and H = [0,0,1,1], bac ctia ham co ban Ia bang mét cho c3 hai phuong.

Mién va cac ham co ban khac khéng cla phan tlr 1 dwoc cho trong bang sau:

Direction Range Non zero basis

3 [§2 &l N1,N>

n [n2, n3] M1, M,

Do d6 c6 bdn ham co ban khac khdong cho phan tir mét twong rng véi bén diém kiém sodat cha phan tl
ching dugc sap xép trong mot vector R nhu sau

R1 = [N1M31,N2My1,N1M;,N2M,] (19)

Physical domain

P32(6)
Al

£1,2=0 £3=1 £45=2

N1(S) © (©)

Hinh 2 Bai toan IGA bic 1 hai phwong, 2 phan tir
BSn ham co ban dugc lién két vai bon chi s téng thé nhu sau:

element(1, :) =[1, 2, 4,5]
Tuong ty cho phan ti hai, ta cé vector cdc ham dang nhu sau:
R1 = [N2M31,N3M1,N2M3,N3M,] (20)
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element(2, :) =[2,3,5,6]

Céc diém kiém sodt dugc chira trong mdt ma tran hai chiéu cé kich thudc nx2 (n 13 s8 lugng cac diém
kiém soat trong ludi) chi sd tdng thé ( dit liéu lién két) dugc chira trong ma tran hai chiéu cé kich thuédc
Ne % (p + 1)x(q + 1) v&ine la s6 lvgng phan tir.

[

S0 U,
[

1 2 45
controlPts = ,element = (21)
2 356

N

.U U .,T
N

N

D& thiét 1ap ma tran tinh bién dang cho bai todn ta can Ian luot 13y dao ham cla cac ham dang theo hai
phuong

T,
Ri,xz[Ru,x Rox Risx Riax | 1=12 (22)

Tl d6 ta ¢ ma tran tinh bién dang cho phan tl Be

Rix Rax « Ruy 0 .. 0
B.=| 0 0 .. 0 Ry, Ry |\i=12 (23)
Ril,y Ri2,y Ri4,y Ri1,>( Ri4,x

Vector chuyén vj cla cac diém kiém soat duwoc sdp xép theo cac thir ty sau:

T
u=[u1x Uy oo Uy Uy Uy o Uy (24)

Dé c6 thé dua cac gid tri bién dang tir bai todn phan tich dang hinh hoc vao bai toan phan tich gidi han
chung ta can dua trudng bién dang ciia mdi phan tir vé truong bién dang trung binh thong qua bién déi
ma tran tinh bién dang B. nhu sau:

Be == (25)

Trong do

B, = [ BdQ, = [ B[3;[d0 = [B(Zm)|3¢|3¢|aC
Q 0

e Qe

Q,=[do,=|
Q Qe

e

(26)

Jg|d =£\J§HJ§\dD
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3.3. Thiét Igp bai todn toi wu khi sir dung phwong phdp phén tich ding hinh hoc
Trong nghién clru nay chung ti s& dung tiéu chuidn nhwong Morh-Coulumb.

w(0) = (0, —0,) +41, + (0, +0, ) sing—2ccosp (27)

& day c la lyc dinh, @ 13 géc ma sét trong cla dat.

Bién dang déo duwoc gid dinh 13 tuan theo qui luat chuan tac.

= fi (28)

oy
oo
V&i i 1a hé s6 nhan khong am.

Do d6, ndng lwong tiéu tan déo cé thé duwoc thiét 1ap nhu 1a ham cta do gia tang cla ham bién dang
trén maéi mién.

D(2) = Accos g, (&2, — &5, )+ 75 < Accos gt (29)
O day:
,f(gfx —giy)+yfy <t (30)

S& dung phuong phap xap xi clia chuyén vi va dung bién dang tuyén tinh, phuwong phap phéan tich gidi
han can trén cho bai todn phang dugc thiét lap nhu sau:

nel

A" =min) cAt; cosp—W,, (31)
i=1
Wext(uh)zl
stsu=0 onT, (32)
(gfx_giy)—i_}/fy Sti i:1,2,...,n8|

4. Két qua nghién ciru
M&é hinh dugc mé phdng dua trén mé hinh thi nghiém cta Baus and Wang (1983). Cac thdng sé dat nén
dwoc cho nhu Hinh 3.
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1P
—

B _ A
¢=65.6 KN/m? |
|
¢'=13.5° : H
i
y=1842 KNM? o
—1
| \ 4 H,
|

Hinh 3 Méng bing trén 16 réng

Do tinh chat d&i xirng, mot nita md hinh dwgc mé phdng vdi céc kich thudc hinh hoc cho nhu Hinh 4.

B/2 Rough (u;=u,=0)
¥ IIII[[[[[/////////'/Y/'////////'///////'//'.
LI ///'/ff///'/'/'.'//'//'/'//'//"//"//:'//"?
HIU[[[[////YW//'///’//"//"/' T
WL /'/ _/??
WL /%:?_/_/ =
S H UL %é%ééﬁ I,
s | o Pl rrtg
= ' e )
£ il éééﬁ.ﬁ/ﬁ =
i P iiii il E
2 e e
Bl = e
H1=1 R‘“‘-\.___\_NN'\-\:::"\'-\.-\. ::_'::\-'\"\.::
i: W’/2 ;i: L=3B ”
U, ‘ Rough (u;=u,=0)

Hinh 4 Chia h¢ lwéi phan tir IGA va diéu kién bién chuyén vi cho bai toan
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H/B
2 3 4 5 6 7 8 9 10 11
W’/B
1 403.45 | 609.82 | 737.26 | 742.86 | 759.32 | 759.32 | 759.32 | 759.32 | 759.32 | 759.32
2 160.17 | 294.67 | 441.89 | 587.62 | 740.42 | 753.56 | 759.32 | 759.32 | 759.32 | 759.32
3 76.30 | 139.16 | 220.41 | 314.63 | 413.11 | 504.10 | 584.71 | 660.01 | 725.94 | 759.32
100
90
80
70
S 60
=l = <=-Baus and
v 50 Wang(1983),W'/B=1
g = «-A=- Baus and Wang(1983),
=~ 40 w'/B=2
- <®--Baus and
30 Wang(1983),W'/B=3
—— |GA, W/B=1
20
—t— |GA, W'/B=2
10
—e— |GA, W'/B=3
OI T T T T
2 4 6 8 10
Ty so H/B
void W-

Hinh 5 Pé thi so sanh sy thay déi ty s6 —— theo ty sé

u

H
——,— (giira phuong phap
B B
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Hinh 6 Truwdng ning lwgng thao tan déo ciia méng bing trén 16 rdng véi W/B=1, H/B=2

|

—

AR
R Y
BEEEEEE TR, CagiiLl

. TR T
. sEma s AL

. . ERETETE
. . T T Y
b : B R RN IR A AN
aeLLLRE L LTI S T T T TR RN
:““"“""1II.]I.H.H.II.JI.I.J
""""" VA RN ARARRANPTAN
A T L

T R

Hinh 7 Trudng ning lweng thao tan déo ciia méng bing trén 16 réng véi W/B=1, H/B=3

Trang 35



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

\ 4
|
"""""""""""" IR ‘
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cesessese - o NN\l
_
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Hinh 8 Trudmg ning lweng thao tan déo ciia méng bing trén 16 réng véi W/B=1, H/B=4
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rrEEREEEEREREREER R

R RN

T
coeo Ty

Hinh 9 Trudng ning lwgng thao tan déo ciia méng bing trén 16 rdng véi W/B=2, H/B=2

R R R R NN

T

R R R R R R R R R LR L NN
L Teteresesesesesesesesneeg
‘ Seessesessecnsasesees

e eressesssssseesassnen
o e seeeessssssssssneese
. . - . --1---11---11---11»‘u’l\H}’LJ"H’JJ’J’

- v sssssessessesssey T
Lt e
T

.. I..:::.—I‘.~\\

Hinh 10 Trwong ning lwgng thao tan déo ciia méng bing trén 16 rdng véi W/B=2, H/B=4

Trang 37



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

y

TIT 0|

R L R TR R IR I

CessscccscscscsvssvONTT ‘O, | | |
.

Seccssescssssssvs TR |||

eevsvssssvTTsTTTTTTOST | | | | | |||

® eeecceceeeseReRRRe | |||}

.
U B e R Ry
.
. D L Ll IR NIRRT TR RTRRTAN
« e
- <%
. - haatadedl RN RN RN TR R AR
. ° e« % .
M . « % e SO @ LAV L
. « .
° . ® e T T e T
L] © «° ©
° . LT T o w e T NI
. . . - . AL
.. o e e NN
.. .. PN
. - PO I
I
Ce . . N
® . . 4 - N
* -
LI
et e

Hinh 11 Trwong ning lwgng thao tan déo ciia méng bing trén 16 rdng véi W/B=2, H/B=6

[
] I
[rrrrarpeaent IRASSIIS T ,

990 0eeT PUTO TTTE g NS

Hinh 12 Trwong ning lwgng thao tan déo ciia méng bing trén 16 rdng véi W/B=2, H/B=8

Trang 38



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

5. Thao luian
Vi mdi ty s& H/B khdng di, gia tri strc chju tai cwc han gidm rat lon khi ting gia tri bé rong 16 rong W

V&i mdi ty s6 W’/B khéng déi, gia tri stc chiu tai tang dan khi ting ty s& H/B va khi 16 rdng cach day
méng mdt do sdu nhat dinh thi sy hién dién cla 16 rong khdng con dnh hudng dén gia tri strc chju tai.

Khi so sanh két qua thu duoc tir 1o gidi IGA va két qud thuyc nghiém cha Baus and Wang(1983), hoc vién
thay rang két qua giita hai phuong phap |a kha twong déng khi ty s6 W’/B nhd. Va cé su khac biét 1on khi
ty sé W//B1on.

6. Két luan

Mot trudng hop dic biét trong bai todn strc chju tai clia méng nong dwoc tiép can bang mot phuong
phap s6 mdi phan tich gidi han can trén dugc tich hop cdng cu rdi rac sé IGA va chuong trinh téi wu hda
SOCP. K&t qua thu duoc la rat twong déng vai 101 gidi thue nghiém cha Baus and Wang(1983). Qua d6
thay dwoc do tin cay cao cua Ioi gidi phan tich gidi han trén nén tang IGA.

7. L&i cAm on

Chung t6i glri 107 cdm on sau sic dén ThS. Nguyén Chanh Hoang va ThS. Nguyén Minh Todn nhitng
ngudi da cho ching téi nhitng y kién trao déi thang than va sau sic vé phuong phéap s6 phan tich gidi
han can trén va cdng cu r&i rac s6 IGA. Tir dé ching tdi cé thé hoan thanh t6t nghién ctru cda minh.
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Phén tich tac dong va dap cia ket cau lien ke chiu dong dat va hiéu qua giam
va dap cia hé can luu bién tir

Lé Thanh Cuong!
'Khoa Xay dung va Pién, Truong Pai hoc Mo TP HCM, Email: lthanhcuong@yahoo.com

Nguyén Trong Phuéc?

2B6 mén Sirc bén Két cdu, Khoa Ky thudt Xdy dung, Truong Pai hoc Bach khoa TPHCM
Email: ntphuoc@hcmut.edu.vn

Lé Vin Binh®
SPhong Pau tw— Xady dung, Truong Pai hoc Mé TP HCM, Email: polytechmaster@yahoo.com

Tém tat

Bai bao phan tich tac hai cda hién tugng va dap cla cac két ciu lién ké chiu tai ddng dat néu khoang cach giira ching
qud gan va dé ra bién phap gidm va dap cho cac két cau dang nay bang cach sir dung hé can lwu bién tir (Magneto-
Rheological, MR) ndi gitta hai k&t cdu. M6 hinh va cham dan hoi va nhét tuyén tinh duwoc st dung dé mé phong luc
va d4p gilta céc két cau khi chiju tdc dung déng dat. Thiét bj can MR dwgc mé phdng bdi cac |16 xo va can nhdt, véi luc
sinh ra [& mét ham phu thudc vao dién thé va nhitng théng s6 ddc trung cla nd. Phuong trinh chuyén déng cla ca
hé gdbm hai két ciu lién k&, hé cdn MR néi giita cdc tang, md hinh va dap duoc thiét |ap. Hiéu qud gidm va dap va
gidm chan ctia hé can duoc kiém tra bang cach phan tich s6 trong mot sé truong hop khac nhau. Két qud s6 tir phan
rng dong gdm ¢ luc cdt, gia toc va niang lwong tiéu tan cho thay tac hai clia va dap két cau va su can thiét cta viéc
b6 tri cac hé can.

Tir khéa: Lieu bién tir, dong dat, va ddp, két cau lién ké

1. Pit van dé

Hién nay tai cdc thanh phé I&n trén thé gidi, cac cong trinh thudng duwoc xay gan nhau hon hodc lién két
v&i nhau thanh mét khéi. Khi déng dat xay ra, néu khodng cach gitta hai cong trinh qué gan hoic lién ké
nhau sé& gdy nén hién twong va dap gy pha hoai két cdu nhuw da tirng xay ra trong céc tran dong dat
. - L'Aquila earthquake tai Italy ndm 2009 nhu trén hinh 1 va
Mexico City ndm 1986 va trong mdt s6 tran déng dat khac.
Theo (Anagnostopoulos,1998) thi tac hai cGa va dap la nguyén
nhan chinh gy pha hoai va sup d6 khoang 20% dén 30% cong
trinh khi chiu ddng dat. Nguyén nhan chinh gay ra hién tuong
va dap la do su khac nhau vé khéi lwvgng va dd cing cla céc
két cau tir d6 din dén s khac nhau vé déc treng dong luc hoc
cla chung, khi chju tai dong dat s& phat sinh su chénh léch
chuyén vij gilta cac tang trong tirng két cdu va hién twong va
dap xay ra néu khodng cach gitra hai két cdu dd gan. S dung
céc thié€t bi giam chan két ndi cac cong trinh lién ké cé tac

Hinh 1. Dut gay két cau do vap — Tran dung gidm chuyén vi cla két cau, do dé gidm duwoc hién tugng
dong dat L'Aquila vao thing 42009 tai Y va dap néu cac thiét bj gidm chan duoc bé tri hop ly. Nhiéu
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nghién ctu cla cic tic gid khac nhau (Lé, 2012 va Ok, 2008 va Xu, 1999) d3 cho thay hiéu qua gidm chan
khi lién két cac cong trinh vdi nhau bang cac thiét bj gidm chan.

Hé cdn MR Ia thiét bj tiéu tan ndng lwong thdng minh s&r dung chat lvu MR (viét tit cla thuat ngir
Magneto-Rheological, tam dich la lvu bién tir). Chat lwu MR ra d&i ndm 1948 tai cuc tiéu chudn Hoa Ky, cé
dang |a cac hat sat tréi lo lirng trong dung moi déc biét, va cé thé chuyén tir 1dng sang ran khi cé luc tir di
qua ttr d6 sinh ra gidi han dan hoi cho chat luu, gid tri nay phu thudc vao dé tir hda cac hat trong chat luu
(San-Wan Cho, 2004 va Spencer, 1997).

Dwa vao y twdng nay, bai bdo tap trung phan tac hai cda hién twong va dap cla cac két cau lién ké va trinh
bay gidi phdp gidm chan khi chju va dap bang cach ndi cac két cau véi nhau bdi cac hé can lwu bién tir MR
tai vij tri cao trinh san. Trong dd, cac biéu do luc cat, gia toc luc va dap dugc phan tich va so sanh gitra hai
trwong hop cé va khong cé hé can. Phuong trinh chuyén déng cla ca hé khi chju gia t8c nén cla ddong dat
duwoc thiét 1ap. Bai toan dong luc hoc duoc gidi bang phuong phép tich phan sé trong tirng budce thoi gian
va lap trong mdi budc thoi gian; véi khdi lwgng tinh todn rat Ién va ton nhiéu tai nguyén bd nhé. Gia téc
nén cling dwoc lwa chon nhirng trdn déng dat vdi phé tan s6 twong ddi gan vdi tan sd riéng clda két cau.
Diéu khdc biét trong bai bao nay Ia tdc ddng bat lgi do va dap hai két cau dudi tac dung cua tai trong dong
dat duoc phan tich rd rang. Sy hiéu qua cta hé can trong bai bdo duwgc danh gid théng qua dap &ng luc
cat va gia toc cla két cau.

2. Co s6 Iy thuyét

2.1. M6 hinh két ciu chiu va dap
Xét hai két cau nha cd s6 tang khac nhau, dugc mé hinh vai sé bac tu do ddng luc hoc khac nhau, duoc
thé hién nhu trén Hinh 2. Cic dam dugc xem nhu cing tuyét déi va chi cé chuyén vi theo phuwong ngang
dugc xem xét. Cac thdng s khac nhu khdi lvgng, dd clirng, can cla tirng két ciu cling dwoc thé hién chi
tiét nhu trén hinh 1.
2.1.1 Mé phdng lwc va dép

Mé hinh dan héi nhét tuyén tinh do (Anagnostopoulos, 1998) dé xuat dugc sir dung dé tinh luc va
dap duwgec trinh bay nhu sau

£()= k,5(t)+c,8(t), F,(t)>0 )
’ 0 F,(t)<0

Trong d6, 3(t)la chénh léch bién dang cla cac thanh phan két cdu; 5(t)la van tdc chuyén dich cla
ching; kp md phong dé cirng tai diém va dap; ¢, mo phdng hé sé can tai diém va dap dugc tinh theo

cong thirc sau

¢, =28 /k—mlmz 2)
m,+m,

—Ine
ﬁz—z (3)
n° +(1ne)
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Véi m, va m, |a khéi lwgng cta cac thanh phan két cau; & la ti s6 can; e la hé s6 phuc hoi va duoc lay gid

trj 0.65 d6i vdi két cau bé tong.

Men+md

—— T4 Mnem s
Tang ntm o Tang n+m
k(mm)i k( " Cinsm)1 2 12
C n+Hm n+m
rsm)1 Mntm-1)1 N Mn+m-111 A Phuon
p—Tang n+m-1 = Tang n+m-1
k("+2)1 k(mzn I (l;i(E“z“ ‘ g trinh
Cn+2)1 Mn+1)1 5
M+1)1 N Ang chuyén
p— Ting 0+ P Tang n+1 ! y
Kins11 Kine m ; m déng
- ﬂ@—mnz Ta c ] == c T Tingn Phwon
ang n k n1 nz k
C ni n2
Kn1 PR Kn2 Mn-1)1 fn M ¢n-132 A g tri n h
Crt m Kpn-1 " Cnz - s Tang n-1
n-1)1 n-1)2 3 ~
é_'—‘jc—'_é T'é‘mg n-1 Kn-1y1 ’_M . Cin-1)2 Ktz Chuyen
pn-1 M¢n- n-1 M ¢n- A N
Lén kot-1 5‘: c( 1] = il Tingn-2 dOng
H mi- o M- N A ] 12 ,
$4—EHF$ Té‘mg -1 Kin m ‘s " Kiz co dang
N i-1)1 1-1)2 A .
« Coict ko ,) - T} (' — Ting i-1 nhu
Ca1 Kp2 Caz2 k Ca1 ‘ Csz ‘ ko
Ma1 Ma2 3 31 CE E 2
_—GV;MCH—F_ Tang 2 | Mz1 fz ‘ Mze Thng 2 sau
b2 s ang 2
ke
%2‘ Ko (o ket Car | Caz | kez (Chopr
21 M1 ,—’V\M\ﬁ M2 N | Maa f4 ‘ M1z
e Téang 1 o= Téng | a,
ki1 Pl k12 Ci1 Ci2
Ci1 Ciz ks kiz 2007)
Building 1 o Building? Building] Building2 Mu+Cu+ Ku=-Mri
Hinh 2. M6 hinh va dap két ciu Hinh 3. M6 hinh bo tri hé can
trong doé

M,C,K lan lugt 1a cdc ma tran khéi lwvong, can, d6 cing cla két cau; D 1a ma tran thé hién vij tri diém

dat; f, =[ fis fyeees forn £ | 12 véc to luc va dap; 7 =[L1,..,1]" 12 véc to don vi; u, 12 gia t6c nén ca dong

dat theo thoi gian. Cic matrdan M,C, K dugc dinh nghta va cé kich thuwéc nhu sau

(] [o] [¢] o] K] [o]

M _ (n+myn+m)  (n+myn C _ (n+myn+m)  (n+m,n) K _ (n+myn+m) — (n+m,n) (5)
(2n+m,2n+m) [02] [Mz] (2n+m,2n+m) [02] [Cz] (2n+m,2n+m) [02] [KZ]
(n,n+m) (nyn) (nyn+m) (nyn) (n,n+m) (nyn)

vdi cadc ma tran tinh chat cda két cadu thir nhat duoc thiét 13p boi

M, = ©)

(n+m,n+m)

m

n+m-11

n+m,l
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k11 + k21 _k21
_k21 k21 + k31 _k31 (7)
oo "
n+m,n+m
_kn+m—l,1 kn+m—1,l + kn+m,1 _kn+m,l
L _kn+m,1 kn+m,1
Cy+Cy —Cx
—Cy CntCy —Cy
Cl = " . (8)
(n+m,n+m)
_cn+m—1,1 cn+m—1,l + cn+m,1 _Cn+m,1
L _Cn+m,1 Crz+m,1 B

va tuong tu cho két ciu thi 2.

2.2. Hé cdn MR

M&é hinh hiéu chinh ca hé can luru bién tir dwoc Bounc-Wendo (Spencer, 1997) dé xuat st dung dé tinh
Iwec hé cadn MR. Lyc do hé can MR sinh ra dugc tinh theo cdng thire sau

S =Y+ K (x—x,) 9)
Vi bién tién héa z dugc dinh nghia béi
7=y lx-yl(z)| 2" —B(x—yj|z|" VA, [x—y] (10)
va
. 1 .
y=—{ocz+cO x+k, (x—y)} (12)
(co+¢,)

Trong d6, k, 1a d6 cing cta b phan khi nén (accumulator); k, la d6 clng (ng véi van téc lon; ¢, va C,
la hé s6 can tng vdi van téc nho va Ién; x, la chuyén dich ban dau cha 16 xo k,; cac thong s6 y Bna,
1a céc thong s hinh dang cla chu trinh tré duogc hiéu chinh tir thuc nghiém; Cac thong s6 c, C, a, la
cac théng s6 phu thudc vao dién ap ra Iénh dugc xac dinh nhu sau: ¢, =c,, +¢c,,U; ¢, =c, +c,U;

0, =0, + 0, U . V&i dién dp cung cap cho bo diéu khién dugc tinh thong qua bd loc bac mét nhu sau

U=n(U-V) (12)
Véi V 1a dién 4p cung cip cho hé can, C, 1a hé s6 xac dinh tinh chinh xac ctia mé hinh so véi gia tri thuc
nghiém.
2.3. M6 hinh két cdu véi h¢ cin MR

DE gidm chan do hién twong va dap, thiét bi cdn MR duoc st dung lién két hai k&t ciu tai vj tri xuat
hién luc va dap va b tri nhuw Hinh 3. Phwong trinh chuyén déng t6ng hop ca hé cé dang nhu sau
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M u+Cu+ Ku=-Mrug+ Df,, (13)
trong d6 M,C,K [an luot 1a cdc ma tran khéi luvong, can, dé ciing cla két cau; D 13 ma tran thé hién

vi tri diém dt; [, =[fis foeees fr1o S, ] 18 véc to Iurc do hé can MR sinh ra;r:[l,l,..,l]T la véc to don

vi; Ug |a gia t6c nén cla ddng dat theo thoi gian. Cac ma tran M,C, K duogc dinh nghia va cé kich
thwdc nhu muc 2.1.1.

2.4. Phwong phdp gidi va thudt todn

Phuong trinh chuyén ddng cla ca hé théng bao gdbm hai két cu cé xét luc va dap duoc thiét 1ap chi
tiét va giai bang phuong phap Newmark trong tirng budc thoi gian cla gia tdc nén trén toan mién thoi
gian va thyc hién tuong tu trong trudng hop khi két cau co xét hé cdn MR. So d6 khdi trong bai todn cé
xét hé can duogc trinh bay trén Hinh 4, luc sinh ra tir hé can MR dworc tinh theo phwong trinh (9), céc
phuwong trinh (10), (11) va (12) dwoc giai bang phuong phdp Runge Kutta bac 4.

Ul
v A .
omag] MR _| Runge | f |MOHINH| _| Time |uwi.fii
I Damper Kutta bac 4 Luc) KET CAU Newmark (Chu:u_-'énvijﬁn téc,
gia tic)
’—b u.u

(Chuyén vi, vin t5c)

Hinh 4. So d6 khéi phan tich hé
Dua trén thut toan duwoc thiét 1ap trén hinh 4 cho bai todn phan tich dong luc hoc, mét chuong
trinh may tinh duwoc viét dua trén ngdn ngit 1ap trinh MATLAB dé gidi bai todn dat ra. Chuwong trinh nay
tén rat nhiéu tai nguyén do phai mo ta 13p trong moi budc thoi gian cla bai todn dong va gidi trén toan
mién thoi gian. Trong moi budc thoi gian dung phuong phap Runge Kutta bac 4 dé mé ta dap tng cla
hé MR diéu nay khdac v&i cdc mé ta trwdc dé dung mé dun phan tich mé phong theo thw vién MATLAB.
Nén nghiém thu dugc tlr chuwong trinh nay hoan toan dudi dang tudrng minh cta két qua.

3. Két qua sdé

Khao sat hai k&t cau 16 tang va 8 tang khoi lvong moi tang nhuw nhau, dé cirng, chiéu cao mdi tang
13 nhu nhau véi gia tri cha khéi lvgng 1a m; = 1.6x10° kg va d6 cing ki = 3x10% N/m. Tan sd riéng thap
nhat cta két cdu 16 ting la 0,6558 Hz va cha két cau 8 tang 13 1,2718 Hz. Gia téc nén dugc chon 13
Elcentro nhuw trén hinh 5 ¢ cac tan sé xap xi sau khi phan tich phé Fourier 13 2,027 Hz va cac dinh khac
xap xi 1,8 Hz dén 2,6 Hz nhu trén Hinh 6. Khao sat s6 dworc thyc hién trong3 trudng hop nhu sau.

- K&t ciu tach roi - khéng 13p hé can (Uncontrol)
- K&t cau tach roi - xét twong tac do va dap (Pounding)
- K&t ciu cé 13p hé cdn MRD (MRD)
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GIA TOC NEN PHO NANG LUONG
' ' ' ®omega = 12.732

Gia Toc (m/s2)
o
Nang luong m2/s3
N w
o o

=
o
T

0 5 10 15 20 25 0 20 40 60 80 100
Thoi gian (s) w(rad/s)

Hinh 5. Gia téc nén Elcentro Hinh 6. Phan tich phé Elcentro

Ti s6 can ddi véi cacdang 1, 2 la ¢, = ¢, =5%, d6i voi cac dang dao dong cao hon ti sé can duoc
tinh theo phuong phap Rayleigh. Cac thong s6 md phong dugc 1dy nhuw sau.

Thong s6 MR Damper (Lé, 2012): = 195 s, c1 = 8106.2 kNs/m, c1p = 7807.9 kNs/m/V, coa = 50.3
kNs/m, cop = 48.7 kNs/m/V, aoa = 8.7 kN/m, atop = 6.4 KN/m, y = 496m?, B = 496m2, Ay, = 810.5, n=2, ko =
0.0054 kN/m, xo = 0.18m, k; = 0.0087 kN/m.

Théng s6 VFD damper: a =1, C;=7x10”6 kNs/m, C,=1x1077 kNs/m.
Thong s6 mo phong luc va dap: k, =1.4€9 N/m, £=0.14,e=0.65

3.1. Anh hwéng va ddp két cdu

Dé hiéu rd anh hudng va dap hai két cu véi nhau dudi tai trong dong dat, qua trinh phéan tich duoc
thuc hién véi cac khoang cach giita hai két cau thay doi tir Om dén 0.1m. Hinh 7 va Hinh 8 cho thy d6
16n cua luc va dap giam khi ting khoang cach giira hai két cdu; v6i d = Om thi fmax=6793 kN, voi d =
0.01m thi fmax=6220 kN, v6i d = 0.05m thi fnax= 4230 kN, v6i d=0.1m thi fma=2850 kN. Bang 1 thé hién
gia tri lyc va dap xuét hién tir tﬁng 1 dén tang 8 twong g véi cac khoang cach khac nhau cia hai két cau.
Hinh 9 so sanh gia toc 16n nhét cac tang, u‘ng v6i d=0.1m va dép xay ra tai ting 8, d=0.05m va dap x4y ra
tir ting 5 dén 8, d=0. Olm va dap xdy ta tir ting 2 dén tang 8 va d=0m va dap xay ra tai tAng tit ca cac
tang. Do d6 véi cac két cAu lién ké phai cach nhau mot khoang cach thich hop dé tranh hién twong va dap.

8000

—0—4=0 —*— d=0.01 O d=0.05 —*— d=0.1]

6000+

oy

o

o

o
T

Luc va dap (KN)

2000

R A A

o%
~
[ee]

5
Tang

Hinh . Luc va theo tang
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Bang 1. Gia tri lyc va dap theo tang

Lwc va dap (KN)

Tang  d=0(m) d=0.01  d=0.05  d=0.1
(m) (m) (m)
1 1.02E+03 O 0 0
4 3.45E+03 3.45E+03 O 0
6 493E+03 4.64E+03 2.70E+03 O
8 6.79E+03 6.22E+03 4.23E+03 2.85E+03
8000
= d=0.01
< 4 6000F
g
] 1 4000}
: 1
o 1 2000 ]
>
E 11 11 TR
0 5 10 15 20 25 0 5 10 15 20 25
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Hinh 9. Gia t6c 16n nhat ctia két cAu chju va dap

Hinh 10 so sanh déap tng gia téc cua hai két cau theo thoi gian, cho thiy gia toc tai nhitg diém va
dap tang dot ngdt va dat gia tri 1on gip tir 5 dén 22 14n so vai khi khong c6 hién tuong va dap. Hinh 11
thé hién dap ung chuyén vi ting 4 va tang 8 cua hai két cau trong truong hop khoang cach d = 0.05m, tai
tang 4 va dap két cdu hdu nhu khong anh hudng tuy nhién tai ting 8 anh huéng va dap két cdu rd rang
hon. Hinh 12 va Hinh 13 so sanh gi4 tri 16n nhit cua lyc cit theo ting twong tmg vai cac khoang cach
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giita hai két cau khac nhau, cho thiy rd rang vi tri gay pha hoai két cdu khi khoang cach giita hai két cdu
du gan, cu thé tai ting 9 ing véi két cau 1 va tai ting 1 g voi két ciu 2.
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Hinh 11. Dap tng chuyén vi ciia két ciu
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Hinh 12. Lyc cat 16n nhat theo tang
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Hinh 13. Ti 1¢ luc cat twong tmg v&i cac khoang cach giita hai két cau

Vay d6i véi cac két cau lién ké clung véi viéc bi pha hoai do tai trong déng dat con chiu anh huéng
do su va dap hai két cdu vdi nhau khi rung l3c tir d6 lam phét trién d6t ngot luc cat cling nhu gia téc
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cla k&t cidu gy sup d6 cdng trinh nhanh chéng. Do vay viéc gidm va dap va giam chan cho céc céng
trinh dang nay bang cach bé tri cdc hé can thich hop Ia can thiét va dugc phan tich trong phan tiép
theo.

3.2. Pdp iing két cdu

Thuc hién phéan tich hiéu qua ctua cac hé can tuong ung voi ba trudng hop: Két cau co lép 2 MRD;
Két ciu co6 lap 4 MRD; Két cau c6 lap 8 MRD. Cac hé can dugc b tri tir ting 8 trd xudng va cac két qua
khao sat cho thdy hiéu qua ctia chiing. Hinh 14 cho thay hiéu qua giam chuyén vi trong cac truong hop bd
tri hé can khac nhau. Hinh 15 va Hinh 16 so sanh hiéu qua gidm luc cit cua két cAu khi c6 hé can, luc cit
giam nhiéu nhét tai tang 1 ciia hai két cdu, tai ting 9 cta két cau 1 khong con hién tuong gia tang luc cat
dot ngot, diéu nay c6 nghia hé can MR di bao vé cho hé két cau trude nhimng tac hai do hién twong va dap
gdy ra dong thoi c6 tac dung tiéu tan ning luong do tai trong dong dat gay ra. Hinh 17 va Hinh 18 so sanh
hiéu qua giam gia toc cua két cdu, 6 giam 16n nhat 1a tai tang 16 tmg v&i két cau 1 va ting 4 ung véi két
cdu 2 va hién tuong gia ting gia téc dot ngdt tai tir ting 1 dén ting 8 do hién tuwong va cham két ciu
khong con x4y ra.
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Hinh 15. Luc cat 16n nhat cia két cau vai hé can
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Hinh 16. B giam lyc cit 16n nhat cua két ciu v6i hé can
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Hinh 18. D¢ giam gia toc 16n nhat cua két cau voi hé can

Céc gia tri chuyén vi, van tdc, gia tbc va luc cit 16n nhat cua hai két cdu twong tmg voi cac truong
hop bb tri hé can duoc thé hién trong Bang 2 va Bang 3. Trong truong hop 8 MR hiéu quéa giam dap tng
la tot nhat: D6i véi két cau 1, giam 31.32% luc cét, giam 7.42% gia tdc,giam 16.18% van tdc, giam
23.41% chuyén vi; Doi voi két cau 2, giam 32.3% luc cét, giam 5.34% gia toc, giam 21.6% va tc, giam
27.87% chuyén vi; Hiéu qua giam dép mg trong truong hop 4 MR va 8 MR 1a tuong duong.

Bang 2. Hiéu qua gidm dap &ng I&n nhat cho két cau 1

Truong hop Chuyén vi Van téc Gia téc Luc cat
khdo sat
Max Do giam Max Do giam Max DO giam Max Do giam
(cm) (%) (cm/s) (%) (m/s2) (%) (KN) (%)
Uncontroled 12.27 0 54.1 0 5.6 0 3.54E+03 0
2 MR 10.67 13.04 45.68 15.56 5.41 3.41 2.94E+03 16.96
4 MR 9.69 21.00 45.16 16.52 5.26 6.09 2.57E+03 27.33
8 MR 9.40 23.41 45.35 16.18 5.18 7.42 2.43E+03 31.32
Bang 3. Hiéu qua gidm dap ng I1&n nhat cho két cau 2
Truwdng hop Chuyén vi Van téc Gia t6c Luc cat
khao sat
Max D6 giam Max Po gidm Max Do giam Max Po gidm
(cm) (%) (cm/s) (%) (m/s2) (%) (KN) (%)
Uncontroled 4.69 0 40.69 0 7.61 0 2.56E+03 0
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2 MR 3.76 19.90 34.72 14.68 7.42 2.51 2.01E+03 21.64
4 MR 3.39 27.62 33.24 18.30 7.32 3.75 1.84E+03 28.18
8 MR 3.38 27.87 31.90 21.60 7.20 5.34 1.73E+03 32.30

4. Két luan

TU cac két qua cla bai bdo nay, cadc nhan xét dugc thé hién nhu sau:

- M& hinh bai todn hai két cau ndi v&i nhau bdi cdn MR bé tri trong tirng két cau chju gia t6c nén cla
dong dat da duwoc thiét 1ap, dac biét (ng x(r va dap cla két cau trong trudng hop khéng cé hé can dudi
tai trong déng dat cling dwoc phan tich ré rang. Tir d6 cho thay hiéu qua chéng va dap két ciu cling nhu
gidm chan khi cac két cau lién ké dwoc bé tri hé can.

- Tir cac k&t qua s6 cho thay: Khi hai két ciu lién ké va dap vdi nhau thi sy dirt gdy trong két cau 1 tap
trung tai diém va dap cao nhat va tai ting 1 twong (rng véi két ciu 2, gida tri gia toc tai diém va dap ting
dot bién; Khi bd tri hé cdn d3 hap thu mot phan nhirng tac hai do hién twong va dap gay ra va cé tic
dung tiéu tan nang luvong cling nhw gidam chan khi két cau chiju tai trong ddng dat.

- Hiéu qua gidm dap (ng khi bd tri hé can tai cac tang dudi 1 khong déng ké, do d6 s6 lvgng hé can st
dung phai phu hgp dé giam kinh phi.
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Hién twong tir bién ciia dat sét lwu vue Paris duéi tac dong cia tai trong thiy
lwe 1ap
TS. Trin Thanh Danh

Khoa Xdy Dung va Pién, Truong Pai hoc Mo Tp Ho Chi Minh
Email: danh.tran@oude.edu.vn

Tém tit. Tai Phdp tir nam 1976, nhitng thoi ky han hdn kéo dai xday ra kém theo tinh trang thiéu nwée
ddng ké da lam ndy sinh hién tiwong dé hw hai ciia cdc logi nha thap tang c6 méng néng xdy dung trén
nén ddt sét. Si co va no ciia cdc logi dat sét dwdi tic dong ciia cac vong Idp thiy hec theo chu ky - 1am
khé/lam ém - chinh la nguyén nhédn gdy ra nhitng hw hai (nhw nizt twong, bién dang khung cira, gdy bé
dwong ong thodt nude...) cho cdc logi hinh nha ¢ ndy. Bdi bdo ndy sé trinh bay nhiing nghién ciru
thiee nghiém vé sw anh hwéng cia vong ldp lam khé/lam am én immg xir co-né ciia ba logi ddt sét heu
vuee Paris: Sét Déo Sparnaci (AP) khéng chita cacbonat, so sanh véi Ddt Sét Xanh viing Romainville
(AVR) chita it cacbonat, va Pd marl Xanh luc viing Argenteuil (MBA) rdt gidu cacbonat di dwoc
nghién cieu trong cdc dw dn va dé tai trude day ciia nhom nghién cieu tai Trung tdm nghién cieu khoa
hoc trdi dat - Trieong Pai hoc Mo Paris.

Tir khéa: Tinh co - Tinh n& - DAt sét - Vong 13p khd/8m - Sét Déo Sparnaci - Sét Xanh viing Romainville - D3

Marl Xanh luc vung Argenteuil.

1. Gi6i thiéu chung

Trong tu nhién, dat sét khdong phai chi chiju tdc déng cla cac tai trong thay luc don 1é ma 13 cac
vong |&p thuy luc theo chu ky lam dm/lam khé I13p di l3p lai. Chinh nhitng vong 13p 1am dm/lam
kho trén la nguyén nhan gay huv hai cho cac cong trinh nha dan dung cé moéng nong xay dung
trén loai nén sét nay. Do do6, tir 1au d3 c6 nhiéu dé tai nghién clru dugc ti€n hanh nhat 1a cac
nghién ciru thuc nghiém vé tinh co-n& theo chu ky cla céc loai sét. Tuy nhién, cac nghién clru
nay chl yé&u chi dugc thuc hién trén cac mau dat sét ché bj va mau dat sét dam nén. Muc dich
cla cac nghién clru trén chu yéu la phan tich tdc dong cla tai trong thay luc 13p hodc md phong
bi€n dang dirng theo chu ky cla nén sét giy ra bdi sy thay d6i d6 am dat (Subba Rao va
Satyadas (1987), [9]; Day (1994), [4]; Al-Homoud et al., (1995), [2]; Tripathy et al., (2002), [10]).
Cac thi nghiém co-nd theo chu ky nghién cru béi céc tac gia trén duoc thyce hién trong céc diéu

kien phong thi nghiém khac nhau. Cac két qua thi nghiém trén da chirng minh rang bién dang
n& cla sét phu thudc vao chu ky co-n& dau tién va cé thé ting hodc gidm trong cac chu ky sau.
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Vi vay, viéc danh gid v& rng x&r cha dat sét ma khéng tinh dén cdc tdc dong thdy lwc I3p theo
chu ky s& din dé&n viéc cé thé wdc tinh sai léch vé bién dang co-n& cla sét (Tripathy et al.,

(2002), [10]).

Trong bai bdo nay, tdc déng cla tai trong thay lwc 13p hay chu ky lam dm/lam khé 1én &ng x{r
cla Sét Déo Sparnaci trang thai nguyén trang sé duoc nghién ctru va trinh bay, trong dé cd sv
nghién clru dac biét vé sy thay déi theo chu ki co-n& cla ciu tric vi md sét. Cac két qua thu
duogc trong cac thi nghiém trén Sét Déo Sparnaci sau d6 s& duwoc so sanh vdi céc két qua thu
duoc trén Sét Xanh vung Romainville va B4 Marl Xanh luc vung Argenteuil (Yigzaw, (2009),

[11])).

2. Cac loai dat va phwong phap nghién ctru

2.1. Cdc logi dit nghién citu

Loai sét dwoc nghién clu trong bai bdo nay |1 Sét déo Sparnaci (APM), dwoc 18y mau &
Angervilliers (Essonne, lle-de-France). Dac diém khodng vat cla loai sét nay dugc trinh bay
trong Bang 1 va duogc so sanh clung vdi hai loai sét khac la Sét Xanh vung Romainville (AVR) va
D4 Marl Xanh luc vung Argenteuil (MBA).

Bang 1. Pic diém khoang vat cia APM, AVR va MBA
(+++: RGt doi ddo, ++: Dbi dao, +: It dbi ddo, -: Khéng dwoc phdt hién) (*: Yigzaw, (2009), [11])

Thanh phan khoang APM E-AVR-0* E-MBA-1*
Cacbonat (%) 0 10-18 20-62
Calcite - - 4+
Dolomite - ++ -

Thach anh (%) 34 30-40 10-23
Titan dioxit + - -

Sat oxit + - -

Felspat (%) - <5 -

Khodng sét (%) 61 30-50 20-45

Céc loai khoang sét (xac dinh trén thanh phan <2um)

Trang 53



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

it + +++ +4+

Kaolinit +4++ ++ +
Hop thanh lllit-Smectit

hay Smectit

Can lwu y rang, thanh phan cacbonat clia cac loai sét trinh bay trong bang trén dugc xac dinh
dua vao thi nghiém calcimeter Dietrich-Fruhling (Tiéu chudn NF P94-048, [1]). C4c thanh phan
khodng nhu calcite, dolomite, thach anh, titan dioxit, sat oxit, felspat va cac khoang sét duoc
xac dinh nh& vao phuong phap nhiéu xa tia X hay tinh thé hoc tia X.

2.2. Phwong phdp nghién ciru

Cac thi nghiém co-nd& theo chu ky trong bai bao nay duoc thyc hién trong cac khudén nén dang
oedometer hinh try, bang thly tinh hitu co, theo tiéu chudn ASTM D 4546-96, [3] (Phuong
phédp A, thi nghiém né& tu do). P8i v&i mdi loai sét nghién clru, mot loat cadc mau dat (5 mau

APM, 5 mau AVR va 4 mau MBA) duoc cat ra bang dao vong tir cing mot khdi dat nguyén trang
madi loai. Kich thwdc mdi mau dat nay cé dudng kinh D = 70 mm va chiéu cao H = 20 mm. Cac
thi nghiém co-n& theo chu ky thuc hién trén cdc mau nay dugc tién hanh dong thoi. Trong thi
nghiém co-n& theo chu ky, cdc mau dat s& luan phién chiju cac ky |am &m roi sdy khd cho dén
khi dat sw 6n dinh vé bién dang thang ding. Bién dang nay cla cac mau dat dwoc ghi nhan ty
dong va lién tuc bang dong ho do dién ti trong cac giai doan cla thi nghiém: [am dm hay say
khd. Chu ky thi nghiém d3au tién dwoc bat dau véi ky 1dam am hay ky né tw do tir d6 4m ban dau
clla mau dat nguyén trang. Sau khi mau dat dat dwoc sw 6n dinh vé bién dang thang ding cho
moi ky n& tw do, cdc mau dat nay sé dugc trai qua ky say kho trong mét 10 sdy cé nhiét do 6n
dinh & 45 °C. S6 lwong céc chu ky 1am dm/lam khé duoc thuc hién 1a 8 chu ky ddi vai APM, 9
chu ky d6i véi AVR va 7 chu ky d8i véi MBA. Can lvu y rang chi cé mdt mau dat cia mdi loai sét
la s& trai qua s6 luvgng t6i da cac chu ky lam dm/lam kho trén. Cadc mAau dat con lai dugc 1ay ra
khdi khuon oedometer & cudi cac ky [am &m trung gian nham phuc vu cho viéc nghién clru su
thay d6i ciu trdc vi md sét theo céc chu ky lam dm. Cac théng s8 vé dd am, khéi lugng riéng
kho va ham luvgng cacbonat clia cdc mau dat APM, AVR-E-0 va E-MBA-1 (nhitng mau d3 trai qua
s6 lwong toi da cac chu ky co-nd) duoc trinh bay trong Bang 2.

Bang 2. Cac thong s thi nghiém ciia miu APM, AVR, MBA

Chi sé APM E-AVR-0* E-MBA-1*
D6 4m ban dau, w (%) 22,20 23,80 23,40
Khéi lwvong riéng khé, ps (Mg/cm?) 1,68 1,66 1,69

Trang 54



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

Ham luvgng cacbonat (%) 0 14,4 60,5

(*: Yigzaw, (2009), [11])

Luu y rang bién dang n& hodc bién dang co & chu ky i clia cdc mau dat trinh bay trong bai bao
nay duoc tinh dua trén ty 1é bién dang truc AHi/Ho, v&i Ho 1a chiéu cao ciia mau dat ban dau.

Hai ki thuat sau day dugc sir dung dé nghién clru cau trdc vi md cla sét: thi nghiém do 16 rong
nh& may do 16 réng thong qua ap lwc thiy ngan (Mercury porosimeter) va thi nghiém quan sat
qua kinh hién vi dién tl&r quét dnh (SEM). Trong d6, phwong phéap quan sat dudi kinh hién vi dién
t&r quét anh (SEM) 13 k{ thuat gidp dwa ra hinh anh cda cdc hinh thai dat nhu: hinh anh vé sy
sap x&p, phan bd cla cac hat khodng hay sét, hinh dnh vé 16 rong & cac cap d6 quy mo khac
nhau. Phuong phap do 16 rdng nhd may do 16 rong théng qua ap luc thdy ngan gitp dua ra cac
duwong cong phan phdi 16 rong duoc st dung dé dinh lwong céc théng s6 hinh hoc 16 rong cla
dat, vi du nhu: ban kinh tinh todn 16 rong, thé tich 16 rong. Ky thuat nay dwoc thyc hién dua
trén tinh chat khong tham cla thiy ngan. D& |am cho thly ngan len 16i vao trong céc 16 rong cla
dat, can phai tao mot ap luc. Ap luwc ndy cang 1&n thi kich thuwdc cac 16 rdng ma thiy ngan len 18i
vao duoc cang nho. Néu gia st rang cac 16 rdng trong dat cé dang 8ng véi mét cat 1a hinh tron
thi ban kinh ctia 16 réng xam nhap bai thdy ngan duoc tinh dwa vao méi quan hé Washburn sau:
e 2y cosf 1)
P
Vé&i P - 4p suat xadm nhap cla thdy ngén; y : strc cang bé mat cha thay ngan (484 x 103 N/m); 9:
goc tiép xuc gitra thly ngan va vat liéu (140°); r: ban kinh tinh toan 16 rong.

Lwu y rang, cac mau dat duwoc st dung dé nghién clru trong hai ky thuat thi nghiém trén phai
dwoc chuin bj trudc bang phuong phap déng kho lanh. Day 1a phuong phap cho phép bao
quan dwoc cau tric vi mo sét cla mau dat trong qud trinh dé hidrat hoa (loai nuéc ra khdi dat)
(Delage (1979), [5]).

Ngoai ra, trong bai bdo nay, cidc mo ta cau tric vi md sét |a dya trén cdc mo ta cla Parcevaux
(1980), [7] vé cac cap dd khac nhau cla cau tric sét cung cac thuat ngit sau:

- Hat sét co s&: la t3p hop cac 14 sét chdng 1én nhau - tdp hop don vi nho nhat cé thé quan sat
dugc nho ky thuat SEM.

- K&t tap sét so cap: 1a tap hop cha cac hat sét co s& cdu thanh mdt don vi hinh thai dong nhat.

- K&t tap sét thir cap: la don vj hinh thai tao thanh tir nhirng thay ddi cla két tap sét so cap,
hodc do sy chia cat (trong trudng hop nay két tap sét thir cap cd kich thudc nho hon két tap sét
so cap), hodc do két tu (trong truorng hop nay két tap sét thi cap cé kich thudc Idn hon két tap
sét so cap).
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Céc loai 16 rong khac nhau trong bai bdo nay dwoc phan loai theo kich thuwdc nhu sau:

- 0,001 um < r < 0,0025 um: |16 réng & gitra cac |4 sét bén trong hat sét co s&;

-0,0025 pm < r < 0,15 pm: 16 réng & gilta cac hat sét co s& hay 16 rong bén trong két tap sét;
-r>0,15 pm: 16 réng gitra cac két tap sét.

3. Két qua thi nghiém

3.1. Bién dang né tw do ciia sét theo chu ky lam kho/lam dm

Hinh 1 thé hién bién dang né va bién dang co clia cdc mau dat dwoc nghién ctru theo cac chu ky
khac nhau cda tai trong thiy lwc. & chu ky d3u tién, bién dang n& clia cac mau dat nay duoc
kiém soat béi diéu kien ban dau (d6 4m va khoi luong riéng kho). K&t qua cho thay cdc mau dat
thi nghiém cua ba loai sét cé d6 4m va khéi lwong riéng khé ban dau rat gan nhau nhung cé céc
bi€n dang n& rat khac nhau, thay d6i tir 1% déi véi MBA, cho t&i 10% déi véi APM va 23% déi
v3i AVR. Diéu nay cé thé dugc gidi thich bdi tinh chat khac nhau cta céc loai khodng chat va ty
|& chia chung trong dat bao gébm: Kaolinit - khoang sét khdng c6 tinh n&, rat déi dao trong APM,;
Smectite hay hop thanh lllit-smectite - khodng sét c6 tinh n& 16n, déi dao trong AVR va MBA;
cacbonat - loai khodng cé dic tinh lam gidm tinh n& dat sét, rat doi dao trong MBA (Yigzaw,

(2009), [11]).

Ngoai ra, cac két qua thi nghiém con cho thay bién dang né cla tat ca cdc mau dat thi nghiém
cla ca ba loai sét déu Ién hon bién dang co trong tirng chu ky co-né. Do d6, bién dang né& do
tich 10y tang 1én theo s8 chu ky tai trong thay luc. Tuy nhién, bién dang do dwoc cho méi chu ky
la xap xi khéng ddi ké tir chu ky thi ba tr& di ddi vdi cd ba loai sét. Cac chu ky co-nd lién tiép
gay ra mot sy tang dan vé thé tich dan dén sy gia ting dan kha ndng hap thu nudc clia mau sét:
vi du doi véi treong hop APM, dd dm trung binh clia mau thi nghiém ban dau & trang thai
nguyén trang |a 22%; d6 4m nay tdng dan 1&én 25% & cudi ky n& dau tién, sau d6 la 35% & cubi ky
nd th hai, 36% & cudi ky n& thd tw va 41% & cudi ky nd thir sdu. Thém nira, bi€n dang cla cac
mau dat cla ca ba loai sét gay ra bi cac chu ky co-né 13 bién dang khéng thuan nghich (chiéu
cao clia mau dat khong thé phuc hodi vé chiéu cao ban dau sau cac chu ky co-né). Cac két qua
nay phu hop vadi két qua nghién ctru cha Songyu et al., (1998), [8]. Trong nghién clru clia Songyu

et al., (1998), [8], chiéu cao clia cdc mau dat sét déo dam chit tang I&n cung v&i s6 chu ky lam

am/lam khé. D&i véi hién twong khong thuan nghich nay cla bién dang mau dat, theo Haines
(1923), [6], néu viéc sdy khd dat ma khong lam gidm dé dm cta dat xuéng duwdi gidi han co, thi
cac ky lam d4m va l1am kho tiép theo s& dién ra mot cach thuan nghich ma trong dé thé tich dat
tré lai trang thai trwdc d6. Tuy nhién, cac biéu d6 két qua trong bai bao nay cho thay rang, hién
twong tich Ity bién dang clla mau dat cé vé cé xu huwdng hudng téi mot sy 6n dinh tir sau chu
ky th&r sau (Hinh 1).

Trang 56



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

1
70 : ; ; ;
65 - —-A--AVR . A (N — [ —
6Q-----+-M-~AEM R S S
= M e A N M S e W
50 ! f A i R o
B sid ry ! ' A £
—~ & gt g w i Rp gt
£ 40 e el et b ]
(< 35 rAy ,’l T 2 B | .4 A
s affle: () . C LN BTN 0 T T L P4 WY S
2 i 4 Vo Y Wl F Wl
= 30 FRYEAY YARWA R _
® LA e ‘
L e T A B Ay et gl
‘ . A P ) N
5 1oy A “ ! ] Revmery ‘e ® [ ]
0";‘___‘-0, BV " T .. AR SRR W R S O
B e
VW 1 2 3 4 2 6 ( 8 9 10
NO

Hinh 1. Bién dang n& va bién dang co clia cdc mau dat AVR, APM, MBA dudi tac dong xen ké ctia cac ky
ldm am/lam khd.

3.2. Sw thay déi ciu triic vi mé sét theo cdc chu ky tdi trong thiiy luc
Trong phan nay, chi cé két qua vé su thay d6i cau tric vi mo sét cia APM dudi tac dong cla cac
vong lap thay luc duoc trinh bay.

Hinh 2a thé hién cac dudng cong thé tich 16 rong Ity k& clia cdc mau dat APM & trang thai
nguyén trang ban dau va trang thai sau 1, 2, 4, 6 va 8 chu ky co-né. Nhitng dwdng cong nay cho
thay rang thé tich 16 rong (thé tich cé thé tham nhap bédi thly ngan) clia mau dat tang theo s6
chu ky co-n@& (vi duy, thé tich 16 rong tang 25% sau chu ky dau tién, va tdng 120% sau chu ky thi
tdm). Hinh 2b thé hién cac duwong cong phan bé ban kinh 16 rdng tinh todn cla cdc mau dat
APM sau nhi*ng chu ky khac nhau. Ta thay rang dai phan phéi 16 rong gilta cac két tap sét khong
ton tai trong mau dat & trang thai nguyén trang ban dau nhung d3 xuat hién trong mau dat sau
ky n& dau tién (v&i ban ban kinh tinh toan 0.15 um). Dai phan phdi ban kinh 16 réng nay ting
dan kich thudc theo cac chu ky co-né sau dé. Ban kinh tinh toan ctia dai phan phdi 16 rong nay
dich chuyén ting dan cho dén chu ky thi tv, sau dé giam nhe va dudng nhu 6n dinh dan & hai
chu ky cudi. Can lvu y rang tir chu ky thi tw, su né cla sét chi thuc day sy dong nhat héa moi
trwong 16 rdng hon 1a 1am ting ban kinh tinh todn 16 rong (Yigzaw, (2009), [11]). Ngoai ra, khong
thay su thay d6i vé kich thwdc hay ban kinh tinh todn dai phan phdi 16 rong bén trong két tap
sét theo cac chu ky. Hién tugng nay chirng té rang dai phan phdi 16 rodng bén trong két tap sét

khéng bi anh huwdng bdi cac tai trong thay lwc lap.
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Do d4, su n& ty do cla sét dudi tac ddng cla cac vong ldp lam dm/lam khé & cap dd vi md cau
trdc 13 két qua chd yéu cla sy tao thanh va sy tang dan kich thudc cac 16 rong gitra cac két tap
sét (cac 16 rong nay khong ton tai trong mau APM & trang thai nguyén trang ban dau).

0.4
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Hinh 2. Budng cong thé tich 16 rong Illy k& (a) va dwong cong phan phdi ban kinh tinh todn 16 rong (b)
clia mau APM nguyén trang (trang thai ban ddu) va clia cdc mau trai qua 1, 2, 4, 6 va 8 ky co-nd.

Hinh 3 thé hién cac dnh chup bang kinh hién vi dién tlr quét anh (SEM) ctia m3u APM nguyén
trang va cac mau APM sau 1, 2, 4, 6, 8 chu ky co-nd. O trang thai nguyén trang, mau dat APM
duoc didc trweng bdi mot vi ciu tric tuwong d6i chat ma trong dé cac két tap sét khdng duoc
phan chia ré rang. Cac két tip sét nay dugc hinh thanh tir cdc ma tran sét bao boc bén trong la
cac hat thach anh phan tan (Hinh 3a). Sau ky n& d3u tién, cau tric vi mé clia mau sét van con
twong ddi chat, tuy nhién mat vai 16 rong 2-D gilta cac két tap sét xuat hién va duoc tim thay
(Hinh 3b). Cac hinh anh quan sat bang SEM thyc hién trén mau APM sau 2, 4, 6 va 8 chu ky co-
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nd (Hinh 3¢, d, e, f) cho thay cdc vi cau tric hoan toan khéc so vdi trang thai ban dau cung vai
d6 rong lén hon. Mét mang lwdi day dic cac 16 rdng 2-D gitta cac két tap sét duwoc quan sat
thay trong cac hinh nay. Cac 16 rdng 2-D nay chia nhd cac két tap sét thanh cac phan nhé hon
(mot vai micron).

S A epm_gis
MAGH2008 x HV: 15.0 ki

/ L6 ronggitra
ké't,’tépsé;g : két tap sét

/

> " 7 : b 6
APM_ cy6 17 | (3 3 S0 \ & APv_cys2
MAGE2800 x/ HV: 15.04Y. WD:*130mm . e i W ESE MAG: 2000 x HV: 15.0 KV WD: 25.0 mm

Hinh 3. Hinh dnh chup bang SEM clia cdc mau APM: a) trang thdi ban d4u; b) sau 1 chu ky co-n&; c) sau 2
chu ky co-n&; d) sau 4 chu ky co-n@; e) sau 6 chu ky co-n&; f) sau 8 chu ky co-né;
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4. Két luan

Céc két qua nghién ctru sw nd tu do cla ba loai dat nguyén trang theo cac chu ky co-né bang thi
nghiém oedometer cho thay bién dang thang dirng clia cdc mau dat bat dau 6n dinh tir chu ky
th( ba. Tuy nhién, thé tich clia tat ca cac mau dat thi nghiém déu ting dan theo s& luvong chu ky
co-n®& do hién tugng céng dén n& du. Nghién ctu nay phan anh su khéng thudn nghich cda
hién tuong co/nd dat sét. Ngoai ra, cac két qua clia nghién cru nay con khang dinh lai vai tro
cla cac thanh phan khoang vat trong qud trinh co-né& clia dat sét: Smectite va cac hgp thanh
illit-smectite |3 loai khodng sét lam tdng tinh n& cla dat sét, trong khi kaolinit 1a loai khodng sét
khdng cé tinh nd. Ngoai ra, sy hién dién cla cacbonat da lam han ché di anh hudng cla cac
khodng sét dén tinh n& cla loai dat nay. D&i vdi su thay d6i vé cau tric vi md theo chu ky cla
Sét Déo Sparnaci, mot sy tang do rong clia dat sét ca vé kich thudc 1an thé tich dwoc ghi nhan
vdi viéc tao ra va mé rong dan dan clia mot mang ludi céc 16 rong gitra cac két tap sét va mot sy
chuyén ddi dan dan khéng thudn nghich cha vi ciu tric theo céc chu ky lam dm/lam kho lién
ti€p. Viéc tang ban kinh cla dai phan phdi 16 rong gitra cac két tap sét cho dén chu ky thir tv va
su xuat hién cla dai phan phdi 16 rong mai nay 1a nguyén nhan cla sy thay d&i cau tric vi md
sét trong cac chu ky co-nd. Ngoai ra, khdng cé sy thay d6i nao vé kich thudc cla dai phan phdi
16 réng bén trong két tap sét dwoc tim thay trong cac chu ky co-nd.

Tai liéu tham khao
[1] AFNOR (1996). Sols : Reconnaissance et essais. Détermination de la teneur en carbonate. Méthode du
calcimétre. NF P 94-048.

[2] AL-HOMOUD ASS., BASMA A A., MALKAWI A.l.H. (1995). “Cyclic swelling behaviour of clays”. Jour.
Geotech. Engineer. 121 (7), 562-565.

[3] ASTM (1985). Standard test methods for one dimensional swell or settlement potential of cohesive soils.
ASTM D 4546-96.

[4] DAY R.W. (1994). “Swell-shrink behavior of compacted clays”. J. Geotechnical Eng., ASCE, 120(3), 618-623.

[5] DELAGE. P. (1979). Etude du milieu poreux et de la texture d'argiles sensible du Québec. Thése Doctorat,
Université Paris VI, Ecole des Mines Paris.

[6] HAINES W.B. (1923). “The volume changes associated with variations of water content in soil”. Journal of
Agricultural Science, 13, 296-310.

[71 PARCEVAUX. P. (1980). Etude microscopique et macroscopique du gonflement de sols argileux. These
doctorat, Université Paris VI, Ecole Nationale Supérieure des mines de Paris.

[8] SONGYU L., HEYUAN L., PENG J., YANJUN D. (1998). “Approach to cyclic swelling behaviour of
compacted clays”. In Proceedings of the 2nd International Conference on Unsaturated Soils, Beijing, China,
Vol. 2, 219-225.

[9] SUBBA RAO K.S., SATYADAS G.G. (1987). “Swelling potential with cycles of swelling and partial
shrinkage”. 6th Inter. Conf. Expansive soils, New Delhi, 137-142.

[10] TRIPATHY S., SUBBA RAO K.S., FREDLUND D. (2002). “Water content-void ratio swell-shrink paths of
compacted expansive soils”. Can. Geotech. J., 39, 938-959.

[11] YIGZAW Z.G. (2009). Analyse des processus de retrait-gonflement des sols argileux en réponse a des
sollicitations hydriques cycliques. Réle de la microstructure. These doctorat, Mines ParisTech, 209 p.

Trang 60



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

Abstract. “Rheological aging of clayey soils in the paris basin, subjected to repeated drying-wetting
cycles”.

In France since 1976, periods of prolonged droughts, associated to significant water deficits, showed
a high vulnerability of houses founded on clayey soils. The shrinkage and the swelling of clay soils
subjected to repeated drying-wetting cycles are causing significant damage to this type of buildings.
This article presents the effects of wetting-drying cycles on the behavior of three clayey formations of
the Paris basin, sensitive to shrink-swell processes. Plastic Clays of Sparnacian age, non-carbonated,
are compared to Green Clay of Romainville, slightly carbonated, and Blue Marls of Argenteuil that
were previously studied by the research team.

Key words: swelling, shrinkage, clayey soil, wetting-drying cycles, Plastic Clay, Green Clay of Romainville,
Blue Marl of Argenteuil.
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Abstract. This paper extends a numerical procedure for limit ananlysis of 3-d structures using node-
based smoothed finite element method (ns-fem) in combination with second-order cone programming
(socp). the obtained discretization formulation is then cast in a form which involves second-order
cone constraints, ensuring that the underlying optimization problem can be solved by highly efficient
primal-dual interior point algorithm. furthermore, in the ns-fem, the system stiffness matrix is
computed using the smoothed strains over the smoothing domains associated with nodes. this ensures
that the size of the resulting optimization problem is kept to a minimum. moreover, it can alleviate
volumetric locking for 3-d problem effectively. the efficiency of the present approach is illustrated by
examing a benchmark example.

Key words: the node-based smoothed fem (ns-fem), second-order cone programming (socp).

1. Introduction

Limit state criteria have been used to design and asses the safety of many engineering
components and structures, from simple metal forming problems to large-scale engineering
structures and nuclear power plants. A complete elasto-plastic analysis is generally quite
complicated due to the need to specify initial stress conditions and to then carry out an analysis
in an iterative manner. Difficulties in elasto-plastic analysis and its applications have motivated
the development of a simplified direct method, limit analysis, which can be used to identify the
collapse load (also known as the limit load, or load carrying capacity, or maximum load
intensity) of a structural problem in a simple and more direct manner.

Current research in the field of limit analysis is focussing on the development of numerical tools
which are sufficiently efficient and robust to be of use to engineers working in practice. Various
numerical procedures for limit and shakedown analysis problems have been developed for
decades. One of the most robust and popular discretisation methods is the finite element
method (FEM). However, there are still many aspects which are in need of improvement, for
instant locking problems, mesh distortion and highly sensitive to the geometry of the original
mesh...
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Moreover, in limit analysis procedures one must solve optimisation problems involving either
linear or non-linear programming. When a non-linear yield condition is used, the resulting
optimisation problem is non-linear, which presents major diffculties in the solution process. A
traditional way of addressing the drawback is to linearise non-linear convex vyield criteria, so
that the resulting optimisation problem reduces to a linear program. Although this classical
linear program can be solved effciently using Simplex [1, 2] or interior-point [3] algorithms, a
large number of constraints generated in the linearisation process would be needed in order to
provide accurate solutions (especially for three-dimensional problems), thereby increasing the
computational cost. Attempts have also been made to solve problems involving exact convex
yield function using non-linear programming packages. However, non-linear programming
problems are often computationally expensive to solve, with the consequence that often only
relatively small problems can be tackled.

To overcome these above shortcomings, the strain smoothing technique (the node-based
SFEM) is used to to remove locking problems for 3D structures. Moreover the resulting
optimization problem is cast in the form of a second-order cone programming problem so that
a large-scale problem can be solved efficiently [4, 5].

2. Kinematic formulation of limit analysis
Consider a rigid-perfectly plastic solid subject to body forces F in its volume V and surface
tractions f on the free portion Gf of its boundary. The constrained boundary Gu is fixed. The

basic values of external loads F and f are affected by a common multiplier a, and the value A* of
o for which collapse is attained (collapse multiplier) is sought. Let the vectors

6={0'x o, Ty O, Ty Tyz}[ (33a)
e={& & Tu b T T (33b)
u={u, u, u] (33c)

collect the stress, strain rate and velocity components, respectively (for shear strains the
engineering definition is adopted). The fields (33b) and (33c) are related by compatibility, which
is symbolically written as

¢=Va mV, u=0onT, (34a,b)
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The rigid-perfectly plastic assumption for the material implies that stresses are confined within
the convex domain f (S )£ 0. If von Mises’ criterion is considered, one has

f(s)=f() s, (35a)

2 2 2 2 2 2 %
f(c)zﬁ((o-x_ax) +(O'y—dz) +(O'Z—O'x) +6(T)@+Tyz+rzx)) for 3D (35b)

wherer 30 is the tensile yield stress. Deformations in the solid can only consist of plastic flow

governed by the normality rule.

e=u?. >0 (36a,b)

oo’

The plastic multiplier £ can be positive only if the current stress point lies on the limit

surface ((=0). For von Mises’ materials, this establishes that the deformation process is
isochoric, i.e. strain rates obey the condition

Ectéy+é,=0 (37)
which can be written as
x'&=0; x={1 1 01 0 0F (38)
Then the power of dissipation D (@ can be formulated as a function of strain rates as [6]

1
ﬁ:ﬁ[z(gj+gj+g§)+y'jy+y‘§z+y'jx}2 for 3D (39)

3

The kinematic theorem of limit analysis can now be cast in the well known format

A= minJD(g')dQ (40a)
Q
subject to
£&=Va inV, u=0onT, (40b)
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x'e=0 inV (40c)

[ Fudv+[ , fludr=1 (40d)

The problem (40) is a convenient basis for finite element computations. Its objective function
(40a) is convex; the compatibility conditions are accounted for automatically by a displacement
model; the incompress-ibility constraint (40c) is linear and can be eliminated, thus reducing the
number of free variables; Eq (40d) is easily dealt with by introducing a single Lagrangean
multiplier, so that the problem is brought to the search of the minimum of an unconstrained
convex function.

3. A brief on the formulation of NS-FEM
In NS-FEM, using the mesh of elements we further discretize the problem domain into

smoothing domains based on nodes of the elements such that Q~ ZkN;Q(k) and Q" ~n0 =z

, 1# ], in which N, is the total number of nodes of all elements in the entire problem domain.

Moreover, NS-FEM shape functions are identical to those in the FEM. However, instead of using
compatible strains, the NS-FEM uses strains smoothed over local smoothing domains. These
local smoothing domains are constructed based on nodes of elements as shown in Figure 1. A
strain smoothing formulation is now defined by the following operation:

I.:ﬂc,dnndc A :centroid of triangle o:mld-cdgcpmml

Figure 1. Three-node triangular mesh and smoothing domains

& = [ " ()P, ()dQ = [y Vou" ()P, (x)dQ (a1)

where d(x) is a given smoothing function that satisfies at least unity property
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[ @O)d=1 (42)

and in this work @d(x) is assumed to be a step function given by

) xeql
)=V (43)
er(k)
where V® is the ‘volume’ of the smoothing domain Q" and is calculated by
13 (k)

v (©) =J ( )d9=—ZVe(j) in which N, is the number of elements connected to the node k and
ol 4 4
j=1

Ve“) is the volume of the j element around the node k.
In term of nodal displacement vectors d;, the smoothing strains g _can be written as
g = Z)B, (%)d, (44)
len

where Nﬁk) is the number of nodes that are directly connected to node k, and BI (Xk ) is the

smoothed strain-displacement matrix on Q™ the domain which is calculated numerically by an
assembly process similarly as in the standard FEM

B, (%)= > 2viles (45)

in which matrix B? = Z B, is the compatible strain-displacement matrix for the j element
leSd

around the node k. It is assembled from the compatible strain-displacement matrices B, (X)of
nodes in the set s which contains nnel nodes of the j linear element. Since linear shape

functions are used, the entries of B? are constants and therefore of B, (Xk)are also constants.
The smoothed domain stiffness matrix is then calculated by
K" = ,B]CB,de=v"“B]CB, (46)
where Cis the matrix of material constants, note that due to the smoothed strains ¥, in Eq. (41

— — k
) are constants, the stresses 0,= CSk are also constants in the smoothing domain Q( )

4. Solution procedure with second order cone programming

If the von Mises failure criterion is employed, the plastic dissipation, i.e. the objective function
can now be written in the form :
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Nn
2 =3V | @
k=1
where HpkH are additional variables defined by

P
P2
Ps | _ i
R RVE]
Ps
Ps

Py & (48)

o O, O O O
O B O O O O
R O O O O O

O O O O o MN
O O O O NN O
O O O N O O

Introducing auxiliary variables t, t, . . ., th, the optimization problem becomes:

Ny
min 2=V, (49a)
k=1
(49b)
u=0 onT,
S (49c¢)
g =B, vk=LN",
s.t. D, =0 (49d)
F(u)=1 (49)
o] <t k=12,.,N"
(49f)

The third constraint, Eq.(49d), ensures that the incompressibility condition must be satisfied

k
on all smoothing domains Q( ) and Dy has the form

g, (50)

O OO O oo

O OO O oo

O O O O oo
|

OO OO F PPk
OO OO F PP
OO OO F PP

5. Numerical examples

In this section, the performance of the proposed solution procedure is illustrated via a
benchmark problem in which analytical and other numerical solutions are available.
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The example deals with a square plate with a central circular hole with constant modulus of
elasticity and thickness under independently varying pressure loads p; and p; as in Figure 2(a).
The limit load factor was obtained analytically by Gaydon and McCrum [7] using plane stress
hypothesis and von Mises yield criterion. Numerical limit analyses were also investigated by
some authors, e.g. Garcea et al. [8] for the case of D/L=0.2 and Heitzer [9], Vu [10], for different
ratios of D/L to evaluate the elastic—plastic behaviour of the structure. Moreover, H. Nguyen-
Xuan [12] has applied the NS-FEM to limit analysis problems of 3D structures using Koiter’s
theorem, in which fictitious elastic stresses are assumed. However, in this paper the NS-FEM is
formulated associated with Markov’s kinematic theorem, and the resulting optimization
problem is cast in the form of a second-order cone programming problem so that a large-scale
problem can be solved efficiently [4]. Owing to its symmetry, only the upper-right quarter of
the plate is modeled, see Figure 2(b). Symmetry conditions are enforced on the left and bottom
edges.

p' pl

[T TTTTTTT]
[TTTTTTTT

SOOI
P
L

Figure 2. A square plate with a circular hole: (a) geometry and loading, (b) finite element mesh

The procedure is applied to the case of D/L=0.2. Table 1 compares the best solutions
obtained using the present method with solutions obtained previously by different limit
analysis approaches (kinematic or static) using other FEM and meshfree models for case. It can
be seen that the NS-FEM solutions agree well with published ones. Specially, NS-FEM can
effectively alleviate volumetric locking for 3D problem.

Table 1. Collapse load multiplier with different loading cases and compared with previously
obtained solutions D/L=0.2

Loading cases

Approach Authors
pz=p1  p2=  p2=0

p1/2
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Kinematic

da Silva and Antao [14] 0.899 0.915 0.807
(upper bound)

Le et al. [15] 0.895 0911 0.801

ES-FEM [11] 0.896 0.911 0.801

NS-FEM-T3 0.894 0.911 0.802

NS-FEM-T4 0.893 0917 0.807
Mixed formulation Zouain et al. [13] 0.894 0911 0.803
Analytical solution Gaydon and McCrum [7] - - 0.800
Static Chen et al. [16] 0.874 0.899  0.798
(lower bound)

Gross-Weege [17] 0.882 0.891 0.782

Belytschko [18] - - 0.780

Nguyen-Dang and Palgen 0.704 - 0.564

[19]

4. Két luan

In the paper, NS-FEM associated with second-order cone programming has been further
investigated in efforts to provide more robust and effcient procedures and overcome
drawbacks when applying to limit analysis. The extension of the NS-FEM formulation to the
limit and of 3D problems is straightforward. It can alleviate volumetric locking for 3D problem
effectively. In addition, limitation of large-scale problems in engineering practice can no longer
difficult because of associating with the MOSEK software package.
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MO PHONG TRUONG NHIET PQ VA UNG SUAT TRONG PAP BE
TONG TRONG LUC THEO TIEN PO THI CONG

Th.S BUi Anh Kiét

Khoa Xay dung va Di¢n — kiet.bui@oude.edu.vn

Tém tit: Qud trinh xdy dung cdc cong trinh ddp bé tong trong hec thuong xdy ra hién twong nitt do
nhiét, do do viéc mo phong sw phan b6 truong nhiét do dé tir d6 xdc dinh dwoc sw phan bé wng sudt
trong cdc khoi do bé tong chong lén nhau trong qud trinh thi céng la can thiét nham kiém sodt logi vét
nuet nay. Do do, bai bao dwroc thyc hién voi muc tiéu: Str dung phc?n mém Ansys dé thiét Idp mo hinh
tinh todn, xdc dinh truong nhiét do va trieong vmg sudt bén trong cdc khoi do dap bé tong trong luc
theo tién dé thi cong.

Tir khoa: Phan tich nhiét — Bé tong dam lan — Nhiét thuy hoa — Ddi luu — Ansys

Abstract: The process of building massive concrete dams often appear thermal crackings. So,
modelling the distribution of thermal and stress in blocks by time is necessary to control the cracking
this type. So that, the target of this paper is: Using Ansys software to establish the model, to calculate
the thermal and stress field inside blocks by construction sequence in gravity concrete dam.

1. Pit van dé

Pap dang ciia cac cong trinh hd chtra nude hién nay hau hét duoc xdy dung bang bé tong
trong luc, loai hinh dap duoc thiét ké dé chiu ap luc nude cao, do d6 dé dam bao dap hoat dong
6n dinh, an toan thi khong cho phép xuét hién cac vét nit, vi chinh cac vét nirt nay khong nhiing
lam gidm kha nang lam viéc ma con gay ra hién tugng xam thuc pha hoai cong trinh.

bé khic phuc tinh trang trén, vé mat thiét ké khi tinh toan két ciu nguoi ta thuong gidgi han
khong cho phép xuét hién cac vét nit trong vung chiu ap luc nude. Tuy nhién trong thuc té xay
dung, hién twong xuat hién cac vét nit 13 phd bién. Nguyén nhan cta hién tugng niy bao gdm
nhiéu yéu khac nhau, trong d6 tmg suat nhiét phét sinh do qua trinh thity hoa xi ming c6 anh
huong déng ké dén viéc hinh thanh cac vét nut.

Trong pham vi bai bao nay, tac gia s& tién hanh phan tich truong nhiét do va truong ing suat
bang phan mém Ansys — chuong trinh cho phép mo phong sy phén b tru(mg nhiét dg trong than
dap bé tong, trong d6 ké dén hau hét cac yéu t6 nhu su truyen nhiét bang dan nhiét trong moi
truong vat ran, truyén nhiét bang d6i luu, birc xa nhiét gitra bé mat vat rin voi moi truong chét
long hay khong khi, trong d6 co ké ca yéu t thoi gian, phan anh cu thé sy bién thién nhiét do
trong than dap.

2. Tinh hinh nghién ctru trong va ngoai nwéc
2.1. Nghién ciru trong nwéc

O nudc ta, viéc nghién ciru dién bién nhiét do, tmg sut nhiét va thiét lap quy trinh cong
nghé thi cong dap bé tong trong lyc con kha méi mé. Hién nay chung ta dd c6 tiéu chuan
TCXDVN 305-2004 - Bé tong khéi 16n — Quy pham thi céng va nghiém thu. Trong céc tiéu
chuén trén, chwa c6 quy trinh huéng dan tinh toan nhiét ciing nhu phan mém tinh toan dugc phép
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ap dung. Trong quy pham vé thi cong bé tong thuy cong khéi 16n méi chi ra nhiét d6 khong ché
khi d6 bé tong yéu cau nén nho hon 25°C.

Dbi v6i mot sb cong trinh dap bé tong trong luc da xay dung & nudc ta trude day, khi thiét
ké d3 quan tdm dén tinh to4n nhiét trong bé tong nhung chua c6 diéu kién phén tich ddy du qua
trinh dién bién trudng nhiét trong toan két cau. Mot sé cong trinh di c6 hudng din quy trinh
cong nghé thi cong riéng, trong d6 di co chi dan 4p dung mot sb bién phap ky thuat nhim giam
kha ning phat nhiét cua bé tong...Tuy nhién cho dén nay van chua co su tong két duc rut kinh
nghiém nao mang tinh hé thdng.

Dudi day 1a mot irng dung cu thé tinh toan nhiét cho cac cong trinh thuy dién tai Viét Nam:

EVN-PECC2 (2008), [3]: Cong trinh dap dang RCC thuy dién Dong Nai 3 véi chiéu cao cla
dap 16n va yéu cau tién do thi cong nhanh, van dé phat sinh tng suat nhiét trong than dap do
chénh 1éch nhiét do gitta cac phan bé tong trong than dap 1a 16n c6 kha ning phat sinh cac vét nit
nhi¢t, do vay vi€c tinh todn sy anh hudng cua qua trinh nhiét thuy hoéa xi mang trong khi thi
cong cac khodi d6 chong lién tiép nhau co ¥ nghia quan trong d6i voi d6 bén va kha ning chdng
thAm cua dap. Viéc tinh toan truong nhiét do duoc méd phong bang phan mém Z-Soil.

2.2. Nghién ciru ngoai nwéc

Tai cac qubc gia phat trién, khi xay dung cac cong trinh bé tong khéi 16n noi chung va dap
bé téng trong luc noi riéng, déu co cac nghién ciru siu vé qua trinh dién bién nhiét ngay tir khau
thiét ké cling nhu thi cong théng qua cac quy trinh cong nghé thi cong hop 1y véi cac bién phap
khdng ché nhiét d6 dong bo. Trong qua trinh thi cong da quan tric cac dién bién nhiét, mg suat
nhiét dé d6i chiéu véi tinh toan va kip thoi diéu chinh quy trinh thi cong, thuong xuyén co tong
két, hoi thao khoa hoc vé linh vuc nay. Dudi ddy 1a mot sb nghién ciru duoc trinh bay tai cac hoi
thdo va trén céc tap chi khoa hoc:

Jean — Luc Sarf va nnk (2003), [4]: Trong khudn kho cta hoi thao 1an thir 7 dugce t6 chiic
tai Bucharest vao 10-2003 vé phan tich s6 dap bé tong, tic gia d3 mo phong Ung xir ctia nhiét
trong dap bé tong trong lyc RCC trong sudt qué trinh thi cong théng qua viéc st dung md hinh
phan tir hitu han 2D bang phan mém Z-Soil

Coyne et Bellier (2003), [5]: Tat hoi thao Benchmark lan tht 7 duoc to chire tai Bucharest
vao 10-2003, tic gia da sir dung phin mém Theme B dé du doan truong nhiét do va Gmg suit
trong than dap bé tong trong sudt qué trinh thi cong cong trinh.

David Dollar va nnk (2005), [6]: Tai hoi thao “2005 Tri-Services Infrastructure
Conference”, tac gia di phan tich su gia ting phi tuyén ung suit bién dang nhiét ddi voi dap
Portugues. Muc dich chinh cta nghién ctru la:

+ Ddc trung nhiét do on dinh trong thoi gian dai;
+ Vi tri va cach ing xtr cua cac khe nhiét;
+ Kha nang gay nut.

3. Y nghia ciia két qua nghién ciru
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Su thay ddi nhiét do trong bé tong khdi 1on kha phirc tap va co kha ning giy nut cho bé
tong. Tai cac qudc gia co ki thudt xay dung phat trién, cong nghé thi cong bé tong khdi 16n rat
quan tam dén viéc tinh toan khéng ché nhiét. Tai Viét Nam, vin dé kiém soat nhiét trong qua
trinh thiét ké va thi cong bé tong khéi 16n du di dwoc tién hanh nhung do chwa c6 quy pham
chinh thirc ma phai van dung cac tai liéu nudc ngoai nén cé thé con nhiéu bat cip trong diéu kién
thue té ctua nude ta. Do d6, viéc nghién ciru van dé kiém soat ing suét nhiét trong qua trinh thi
cong bé tong khdi 16n ¢ nudc ta 1a rat can thiét, gop phan vao sy phat trién cong nghé thi cong bé
tong khdi 16n, ddng thoi gop phan lam hoan thién co so 1y thuyét, xay dung cac quy trinh quy
pham vé thiét ké, thi cong bé tong ¢ Viét Nam.

4. Co sé 1y thuyét vé nhiét trong bé tong
4.1. Phwong trinh vi phan din nhiét cho bé tong

Nén tang cua bai toan phan tich nhiét 1a phuong trinh cin bang nhiét, phuong trinh nay
duoc thiét 1ap dya trén dinh ludt bao toan niang luong. Phuong trinh cin bang nhiét trong hé toa
dd Descartes duoc viét dudi dang:

- (%(kx ek ok ‘Z—I)}q
Véi ngudn nhiét caa bé tong thay doi theo thoi gian:

R(t) =WQo(1—e™™)
Khi d6, toc do toa nhiét trén mot don vi thé tich:

(&) = 2% = WQyment
q\t) = at Qome
4.2. Piéu kién bién:

Céc diéu kién bién st dung trong phan tich nhiét gom:

- Nhiét d6 tiéu chuan tac dong Ién bé mat Sy (bé mat tiép xGc véi mat dat hodc pham vi gioi
han cta nén):

T=T"
- DONg nhiét tiéu chuan trén bé mat S, (1a cac bé mat tiép xdc véi khong khi)

or o o _
Xax _q

k -
Yoy 7?0z
Trong d6: q* 1a dong nhiét tiéu chuan
4.3. PDidu kign thoi gian

Cho biét su phan bd nhiét do tai thoi diém ban dau t = 0, T=f(x, y, t0) vi vay diéu kién nay
con goi 1a diéu ki¢n ban déu.

5. Mo phéng trwong nhiét do trong dap bé tong trong luc
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Chuong trinh s& mé phong trudng nhiét trong dép bé tong trong luc véi mit cit ngang dap
dang ho chira Cong trinh Thuy dién Dong Nai 3

5.1. Gi6i thiéu so hwgc CONng trinh Thuy dién Pong Nai 3

Cong trinh thuy dién Pong Nai 3 trén song Pong Nai thudc bac thang khai thac tong hop
ning luong cia song Pong Nai. Cong trinh thudc dia phan hai tinh Lim Pdng va Dik Noéng,
cach thanh phé H6 Chi Minh 300 km vé huéng Tay- Tay Bic theo QL 14.

Bang 1. Cac thong s6 co ban cta hd chira CTTD Pong Nai 3

1 | Cap cong trinh hd chia |

2 | Muc nudce dang binh thuong (MNDBT) m 590.0
3 | Muc nuéc chét (MNC) m 570.0
4 | Dung tich hd tai MNDBT — Wtb 10°m? | 1612.0
5 | Dung tich hiru ich - Wh; 10°m3 | 903.1
6 | Dién tich ho tai MNDBT km? 56.0

Pap dang thuy dién Pong Nai 3 co két ciu bé tong trong luc thi cong theo cong nghé dam
lan (RCC). Cao trinh dinh dap duoc thiét ké tai CT.595.0m, chiéu dai dinh dap 1a 570m bao gdm
ca dap tran, chiéu cao 16n nhat cta dap 1a 104m, bé rong dinh dugc thiét ké 10 m, méi thuong
lwu thang dimg, mai ha luu c6 d6 ddc thay d6i m= 0.75

‘I'ET_J__’{ Frasa
B
Ty
Y570 AN
tenmn = | | ;.‘: 7

B4

ﬁd 1.0

=
=
]

ﬁ451ﬂ

1380

Hinh 1. Mit cat ngang dap dang va so' dd phan chia khéi dé tinh toan
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5.2. Thu thap cac s6 liéu diu vao

S6 liéu dau vao phuc vu tinh toan nhiét dugc trich dan tur hd so Thuyét minh Thiét ké Ky
thuat giai doan 2 — Cong trinh Thuy dién Dong Nai 3 (2008), [3]
a. Thong so tinh toan nhiét

Bang 2. Nhiét do méi truong trong ndm tai tram Béng 3. Quan hé gitta thoi gian, ngudn nhiét va
quan tric Pac Nong téc do nhiét thay hoa

n A (0
Théng NHIET PO (°C) _ t R . Q3 .
B Max Min (giv) (KJm3) | (KJ/m?.gio)
I 20.2 33.5 7.6 0.1 63.9 665.0
I 214 35.7 7.8 24 13799.9 493.0
I 23.1 36.4 9.5 48 24023.1 365.3
v 24.0 36.6 13.2 72 31596.6 270.6
\ 23.9 35.6 17 96 37207.2 200.5
i 23.3 33.5 16.6 120 41363.7 148.5
Vil 22.9 33 171 168 46723.9 81.5
Vil 22.7 32 17 216 49665.7 44.7
IX 22.7 324 16.4 264 51280.2 245
X 225 31.9 8.5 312 52166.2 135
Xl 21.8 32.1 10.7 408 52919.4 4.1
XII 20.5 32.8 8.3 504 531462 12
TB 22.4 33.8 12.4 672 53232 0 01
Béng 4. Céc thong sd tinh toan nhiét co ban
STT Cacthongsotinh | o ua Pon vi Gia tri
toan
Bé tong RCC
1 Dung trong p Kg/m? 2400.0
) NAhI?t dung riéng cua C KJ/kg °C 1.00
bé tdng
3 Tlml dan nhiét trong K KJ/m.h.oC 79
bé tdng
4 Nhiét 36 RCC khi do trec °C 23.0
5 | TH1etruyen nhict tal Bo | Kim2hoC 50.0
bé mat
Ti Ié truyén nhiét tai 2o
6 b& miit 0ép pha thép Bo KJ/m2.h.°C 50.0
7 Van toc gio trung binh Vib m/s 1.5
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Nén dd
1 Dung trong p Kg/m? 2700.0
2 Nhiét dung riéng Crock KJ/kg °C 0.85
3 Tinh dan nhiét Krock KJ/m.h.°C 13.3
4 Nhiét d nén da toin ¢ °C 22.4
5 Mbdun dan hoi d4 nén E GPa 18.0
6 Hé s6 poison d4 nén u 0.25

Bang 5. Quan hé Modun dan hoi ciia bé tong theo thoi gian

Thai gian
Ex(MPa)

(ngay) (gio)
0+3 0+72 3500
3+7 72 + 168 5800
7+28 168 + 672 7800
28 + 50 672 + 1200 11800
50+ 90 1200 + 2160 14100
90 + 160 2160 + 3840 16800
160 + 250 3840 + 6000 20000
250 + 365 6000 +~ 8760 22800
> 365 > 8760 25600

b. Tién dd d6 bé tong

Trong md hinh nghién ctru clia nay, viéc d6 cac khdi bé tong tiép theo tuan theo tién do duoc
lap. Trong qua trinh tir lac bat dau thi cong khdi bé tong dau tién cho dén khi khdi bé tong cudi
cung duoc hoan thanh (tir 0 gio dén 12960 gid), budc tai duoc chon 13 12h, thoi gian tiép theo
budc tai dugc chon la 24h.
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Hinh 2. Tién d thi cong dap RCC Pong Nai 3

5.3. Tao mé hinh tinh toan qua trinh thi cong dap RCC Pong Nai 3

Mo hinh gém c6 116 keypoint, cac keypoint nay chinh 14 cac dinh cia céc area trong mo
hinh.

Mo hinh bao gém 80 area, trong do c6 5 area dugc gan cac thudc tinh cta nén dap va 75 area
duoc gan thudc tinh ciia bétdng dam lin (RCC). Cac area nay dugc phan chia tuong (mg véi 26
khéi do trong qué trinh thi céng, mdi khéi do ¢ chiéu cao 4m.

Mo hinh dugc chia ludi dang tir gide, gdm 3012 nut va 2850 phan tir.

M6 phong hinh hoc dua theo két cau thuc cia mat cét dap tinh toan. B¢ sau va bé rong cua
nén da duoc gidi han cach mép dap 30m, tai bién gidi han cta nén nay nhiét 46 dugc gia thiét 1a
khong phu thudc vao nhiét thiuy héa RCC va duoc 1y bang nhiét do trung binh nim ctia moi

trrong bén ngoai mo hinh.
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5.4. Thiét lap thuat toan phan tich nhigt

1. GIAIPOAN TIEN XU LY (LOP PO
THU 1)

3. LUUDU LIEU

A. CAC THONG SO CAI PAT

e LOAIPHAN TICH (Nhiét, chuyén
tiép)

e LOAIPHAN TU (PLANE55)

e NHIET PO THAM CHIEU

e CAC THONG SO PIEU KIEN BIEN

A

B. GAN THUOQC TiNH VAT LIEU
L4 kCa Cpa p

C. TAO MO HINH
e CHIA LUGI PHAN TU
e TAO CAC BLOCK PO BQC LAP

D. NHIET PO BAN bAU
e NHIET PO BO BE TONG

E. CAC PIEU KIEN BIEN

XAC PINH NHIET PO VA BE MAT
POI LUU TAI LOP PO PAU TIEN

F. CAC BUGC TAI

CAC BUOC TAI TRONG LGP PO
BE TONG PAU TIEN

4. GIAI POAN TIEN XU LY - LOP PO
KE TIEP

A. XOA PIEU KIEN NHIET BO BAN

bAU

e DE TRANH ANH HUONG LEN
CAC BUOC PAT TAI TIEP THEO

B. NHAP DU LIEU LOP PO KE TIEP

C. XAC PINH CAC PIEU KIEN BIEN

e XOA PIEU KIEN BPOI LUU TAI BE
MAT TIEP XUC GIUA HAI KHOI
PO VA XAC PINH SU bOI LUU
TAI CAC BE MAT MOl

D. CAC BUOGC TAl

e BAT PAU TAI THOI BIEM PO LOP
BE TONG THU KE TIEP

e KET THUC KHI TRUONG NHIET
PO TRO NEN ON PINH

e GAN HEAT GENERATION CHO
MOI KHOI1 PO

v

y

2. GIAI POAN GIAI QUYET VAN PE

e NHAP CAC BUOC TAI CHO BAI
TOAN NHIET TRONG KHOANG THOI

GIAN TU LOP BO THU I BEN LOP
PO TIEP THFO

5. GIAI POAN GIAI QUYET VAN PE

e NHAP CAC BUOC TAI BE GIAI BAI
TOAN NHIET

v

6. GIAI POAN HAU XU LY
e KIEM TRA KET QUA

Hinh 3. So' d6 thuat toan phan tich nhigt

5.5. Thiét lap thuat toan phan tich &ng suit nhiét
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1. GIAI POAN TIEN XU LY (LOP PO
THU NHAT)

3. LUUDU LIEU

A. CAC THONG SO CAI PAT

e LOAIPHAN TICH (Két cu)

e LOAIPHAN TU (PLANE42)

e MO BUN DAN HOI (gia tri thay doi
theo thoi gian Gng véi tudi bé tong).

v

4. GIAI POAN TIEN XU LY - LOP
PO KE TIEP

A.NHAP DU LIEU LOP PO TIEP

B. GAN THUOC TiNH CUA VAT
LIEU
e o.0.E.u

C. TAO MO HINH
CHIA LUGI PHAN TU
e TAO CAC BLOCK PO BQC LAP

B. MO DUN DAN HOI

e XAC DPINH MO DUN PAN HOI
CUA LOP PO BE TONG MOI VA
THAY DOI GIA TRIMO DUN DAN
HOI CHO CAC LGP PO TRUGC PO
e NHAP DU LIEU LOP PO KE TIEP

D. CAC PIEU KIEN BIEN
GAN PIEU KIEN RANG BUOC
TAI CAC NUT O MAT PAY CUA
MO HINH
e NHIET PO BAN bAU

NHIET PO PO BE TONG

C. CAC BUOC DAT TAl

e DOCDU LIEU TAI TU FILE
PHAN TICH NHIET (*.RTH)

e BAT PAU TAI THOI BPIEM BO
LGP PO MOI

e KET THUC KHI TRUONG NHIET
PO ON PINH

v

E. DAT TAI ‘
e CACBUGC TAI TRONG LOP BO
BE TONG PAU TIEN

A 4

5. GIAI POAN GIAI QUYET VAN PE

e NHAP CAC BUOC TAI BE GIAl
BAI TOAN BIEN DANG VA UNG
SUAT

2. GIAI POAN GIAI QUYET VAN PE

e NHAP CAC BUGC TAI TRONG
KHOANG THOI GIAN TU LGP PO
THU I DEN LOP DO TIEP THEO

A

6. GIAI POAN HAU XU LY
e KIEM TRA KET QUA

Hinh 4. So dd thuat toan phan tich &ng suit nhiét
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6. KET QUA NGHIEN CUU
6.1. Trwong nhiét do trong than dap theo thoi gian

MO HINH PHAN TICH NHIET TRO!

Hinh 7. Thai diém 7.000 gio Hinh 8. Thoi diém 12.000 gio

6.2. Trwong &ng suat nhiét SY (N/m2) trong than dap theo thoi gian

VAL VALIT

(210%%3) (x10%73)

1000, 1000

500 500

—
o / ) /
~
- 500, -500 \\._\
SY 3
-1000 = SY_4 -1000 \‘“-
e L
_1so0 M -1500
[~
-2z000 -z000
-2500 -2500 ST 3
SY 4
-3000, B -3000
-3500, -3500 |
_an00 ! | (:10%%1) _an00 | (x10%*1)
T
0 270 540 810 1080 1350 0 270 540 810 lo80 1350
135 405 675 245 1z15 135 405 675 945 1215
TIME TIME

Trang 80



Héi thao khoa hoc Khoa XAy ding va Pién lan V — 2014

Hinh 9. Tai cao trinh 495.0 (H=4m)

Hinh 11. Tai cao trinh 535.0 (H=44m)

< Ghichu:

Hinh 10. Cao trinh 507.0 (H=16m)

Hinh 12. Tai cao trinh 551.0 (H=60m)

Cao trinh Nut thuong luu Nut gitra Nt ha Iuu
495.0 & 507.0 SY_2 SY_3 SY_4
535.0 SY_5 SY_4 SY_3
551.0 SY_6 SY_3 SY_4

16ZE+07

C104E+07

Hinh 13. Trudng wng suat SY (N/m2) tai thoi diém 2000 gior
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Hinh 14. Trwong wng suit SY (N/m2) tai thoi diém 12.960 gio

Nhdn xét: Qua cac két qua thu duoc tir sy phan bd nhiét d6 tai cac cao trinh khac nhau, ta
nhan thiy rang: ¢ khoang thoi gian ban du cia khdi do tai cac cao trinh dang xét, nhiét do 16n
nhat phan bd trén pham vi rong hau nhu toan by khbi do, thoi gian cang kéo dai vé sau thi pham
vi nhiét do 16n nhét chi xuat hién & 16i dap, cang ra xa 161 dap thi nhiét do giam dan va tién dén
nhiét d6 moi truong, ngoai ra nhiét do tai cac vi tri tuong tmg ciing giam déan theo thoi gian.

7. KET LUAN

Bai bao da dé xuat va giai quyét mot bai toan cu thé vé phan tich nhiét trong bé tong khdi
16n véi viée sir dung phan mém Ansys dé 1ap mo hinh phan tich trudng nhiét 6 va truong tng
suat phan bd trong than dap bé tong trong luc theo thoi gian. Qua phén tich nhan thay rang,
chwong trinh da giai quyét tot bai toan truyén nhiét trong truong hop cac khéi d6 lién tiép chong
1én nhau trong qua trinh thi cong. Do d6 viéc ung dung chuong trinh nay vao thuc tién phan tich
nhiét trong bé tong khdi 16n 1a rat hitu ich trong diéu kién x4y dung hién nay tai Viét Nam.
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Phan tich dao déng tw do va dn dinh tdm composite nhiéu I&p dung phwong
phap phan t&r hitu han dang hinh hoc két hop ly thuyét bién dang cat bac cao
bén bién

Nguyén Céng Minh?, Tran Vinh Loc?, Thai Hiru Tai®, Nguyén Xuan Hung*

ITrwerng Pai hoc M& Thanh phé H6 Chi Minh, Viét Nam,

2Truwong Pai hoc Sejong, Seoul 143-747, Han Quéc,

3Trwdng Bai hoc New South Wales, Sydney, NSW 2052, Uc,

“Trworng Pai hoc Viét Pire, Thanh phé Mdi Binh Duong, Viét Nam,

Email lién lac: congminh021984@yahoo.com

Tém tat. Trong bai bdo ndy, phuong phdp phén ti¥ hitu han déng hinh hoc (isogeometric analysis -
IGA) két hop ly thuyét bién dang cdt béc cao bén bién (four unknown higher-order shear deformation
theory - HSDT-4unknown) sé dwoc diung dé phén tich dao déng tw do va 6n dinh cho tdm composite
nhiéu I6p. Bién dang cdt cua tdm dwoc ké dén bdi HSDT-4unknown ma khéng cén ding hé sé hiéu
chinh cdt. Ham NURBS (Non Uniform Rational B-Spline) duoc si¥ dung trong phuwong phdp IGA cho
phép dat duoc sw lién tuc clia cdc dao ham béc cao nén sé théa man yéu cdu lién tuc C* cda chuyén vi
ngodi mdt phdng trong mé hinh HSDT-4unknown. M6t chuong trinh tinh todn viét bdng MATLAB
cling dworc phdt trién va @ chinh xdc cua chwrong trinh duoc xdc minh théng qua cdc vi du s6. Nghién
ctru tham s6 ciing duorc trinh bay dé khdo xdc sw dnh hurdng cua bién dang cét, sé I6p va gdc vat liéu
vdo tén s6 dao dong va luc géy mét 6n dinh cua tdm.

Tlr khoéa: Isogeometric analysis - laminated composite plates - four unknown higher-order shear

deformation theories - buckling - free vibration

1. Gidi thiéu

Tam composite nhiéu I1&p dugce sir dung rong rii trong may bay, 6 t6, tau bién, xy dwng va nhitng
rng dung khdac cho k&t ciu vi nhirng ddc tinh néi trdi nhu d6 cirng, cwdng dé cao va trong lugng nhe. Do
vay, viéc phan tich rng x{r clia tdm composite nhiéu Idp 1a quan trong va can thiét. D3 cé nhiéu céng bd
vé phan tich &rng x& tdm composite nhiéu I&p trong thdi gian qua. Nhitng cong bd nay thuwdng tap trung
giadi bai todn bang phuong phép gidi tich hodc bang phuong phap s6.

D3 c6 nhiéu ly thuyét tdm dugc phat trién, nhirng ly thuyét nay cé thé duoc chia thanh ba nhém
sau: 1) ly thuyét tdm c6 dién (classical plate theory); 2) ly thuyét bién dang cat bac nhat (first-order
shear deformation theory); 3) ly thuyét bién dang cat bac cao (higher-order shear deformation theory).
Trong ly thuyét tam c6 dién [1], bién dang cit dwoc bd qua nén chi phu hop cho phan tich tdm mdng.
Trong khi d6, ly thuyét bién dang cat bac nhat [2] phu hop cho phan tich cac két cdu tdm day, nhung
phai dung hé s6 bién dang cit dé hiéu chinh su khac biét gilra 'ng suat cat thuc té va rng suat cat gid
dinh. Hé s& bién dang cat rat khé xac dinh vi né phu thudc vao nhiéu yéu t8, nén viéc st dung ly thuyét
bién dang cat bac nhat khong thuan tién. Vi vay, ly thuyét bién dang cat bac cao dugc phat trién dé loai
bo viéc sir dung hé s6 bién dang cat. Cé nhiéu ly thuyét bién dang cat bac cao da duwoc phat trién, cé thé
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ké dén nhu: ly thuyét bién dang cit bac ba cla Reddy [3], ly thuyét bién dang cét hinh sin cla Arya [4] va
Touratier [5], Iy thuyét bi&én dang cdt ham s6 mii clia Karama [6] va Aydogdu [7], ly thuyét bién dang cat
ham lugng gidc cha Soldatos [8] va ly thuyét HSDT-4unknown cta Shimpi [9]. Trong nhirng ly thuyét bién
dang cat nay, thi ly thuy&t HSDT-4unknown ctia Shimpi |a don gidn va chi ¢é bén bac tw do trén mbi nut.
Vi vdy, bai bdo nay sé st dung ly thuyét HSDT-4unknown théng qua gia thiét xap xi trwdng chuyén vi cla
Soldatos [8] d& phan tich dao ddng tu do va 6n dinh cho tdm composite nhiéu 1&p.

T4m composite cé thé duoc phan tich bang phuong phép gidi tich hodc phuong phap s6. Phuong
phap gidi tich cho két qua chinh xac nhung chi dp dung cho tdm cé diéu kién bién va hinh hoc don gian.
Trong khi d6, phuong phap s6 cho két qua gan dung nhung cé thé dp dung cho tam vdi diéu kién bién va
hinh hoc bat ky. Dé tinh todn cho két cdu tdm composite nhiéu |&p s&r dung phuong phap giai tich, doi
hdi mét qua trinh phan tich kha phirc tap, va thuong chi dugc dp dung cho nhitng bai todn cé bién hinh
hoc va céc gid thuyét vé diéu kién bién, diéu kién tai kha don gidn nén chua phu hgp d6i véi cdc bai todn
phirc tap da dang trong thuc té&. C6 rat nhiéu phuong phéap s6 dwoc phat trién dé tinh todn cho tdm
composite nhiéu I&p nhu: phuong phdp phan tir hiru han (finite elements method - FEM) [10], phan t&
bién (boundary elements method - BEM) [11], phan t& hitu han tron (smoothed finite elements method
- SFEM) [12], phuong phap khong lwdi (meshfree methods) [13]. Dac biét trong dé, Hughes va cong sw
d3 két néi thanh cong gitta md hinh hinh hoc CAD (Computer Aided Design) va phan tich phan tir hitu
han (Finite Element Analysis) thong qua ham co s& chung goi la NURBS va duogc dat tén la phuong phap
dang hinh hoc (IGA) [14]. IGA ra d&i cho phép: 1) duy tri hinh hoc chinh xac véi lwdi tho nhat; 2) [am min
Iwdi chi dua trén lwdi thé ban dau ma khdng can giao ti€p véi chuong trinh tao md hinh CAD ban dau; 3)
viéc tdng va giam bac cla trudng xap xi trong IGA duwoc thyc hién ty ddng va rat don gian, va téc do hoi
tu cla nghiém xap xi cling ddm bao theo bac twong rng; 4) ¢ thé dat duoc sy lién tuc cla cac dao ham
dén bac C”* (p 1a bac clia ham x3p xi), trong khi p-FEM chi dat duoc lién tuc €°. Vi vay, hiu hét cac
nghién clru vé IGA tap trung vao xay dung md hinh phan t&r hitu han dya trén ham NUBRS [14-17], va
khi p > 2, phuong phép IGA [udn ludn thda man yéu ciu lién tuc C' clia chuyén vi ngoai mit phing
trong m6 hinh HSDT-4unknown.

D3 c6 nhitng cdng bd gan day sir dung phuong phdp IGA dé phan tich tdm composite nhiéu l&dp. Cac
cong trinh nay dua vao nhirng ly thuyét tdm khac nhau nhuv Iy thuyét tdm cé dién [18], Iy thuyét bién
dang cat bac nhat [19-20], ly thuyét bién dang cit bac ba ctia Reddy [21] va Iy thuyét HSDT-4unknown
[22]. B4o nay st dung phuong phép IGA két hop véi ly thuyét HSDT-4unknown thdng qua gia thiét xap xi
trwdng chuyén vi cta Soldatos [8] dé phan tich dao déng ty do va 6n dinh cho tdm composite nhiéu |&p.
Mét vai vi du dugc trinh bay dé chirng minh dd tin ciy cla phuong phap hién tai. Khdo sat anh hudng
cla cdc tham s dén tan s6 dao dong va luc gdy mat 6n dinh cling dugc trinh bay trong bai bao nay.

2. Ham dang NURBS trong phwong phap ding hinh hoc

2.1. Vecto nit va ham co’ s&

Vecto nuat E=[§11§2'---'§n+p+1:| la moét chudi cla nhitng gid tri tham s6, &<&,,, i =1, ...,

n+p+1. Trong d6 & €] la ndt thit i, véiila chisé nit, p la bdc cia ham cd s@, n la s6 ham co s& dugc
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st dung dé xay dung dudng cong B-spline. Mot vector nit dwoc cho 1a mé néu gid tri ndt dau tién va
cu6i cung cda nd xuat hién p+1 [an. Mot ham co s& B - Spline lién tuc C*° bén trong mét doan nut va lién

tuc CP? tai mét nat don.
Cho mét vecto nit, ham co s& B - spline N;,(&) duwoc dinh nghia dé quy bat dau véi p = 0 nhu sau

No()=

1 khi & <é<é
0 khac.

+1!

(1)
Ham co s& duoc xac dinh bdi cong thirc dé quy sau day (p > 1)

_ 676 MNiﬂ,p—l(é)

N, (S)=
p() Siip— & Sivpil ~Gin (2)

Ni,p—l(f)—i_

Cho p = 0 va 1 thi ham co s& clia phwong phap dang hinh hoc dong nhat d&i véi ham hang va ham
bac nhat. Tuy vay, cho p = 2 ham co s& 1a ham bac cao. Trong bai bdo nay, ching tdi xem xét ham co s&
véip>2.

2.2. Buwdng cong vé bé mdt B - Spline

Puong cong B - spline dugc dinh nghia nhu sau

(3)
trong d6 P;la diém dieu khién thit iva N, ) (£) 1aham co s& B - spline thir i co baclap .

Mat B - spline dugc xdc dinh bdi tich tenxo clia ham co sé trong hai kich thudc tham s6 &va 7 véi

hai vecto nut E = {51,52,...,§n+p+1} va H= {771,772,...,77m+Q+1} duoc biéu thi nhu sau

=}

M=

S(&m)=

Nip(E)Mjq ()P

1

—
]
—_

(4)

trong d6 P;; 1a luGi diéu khién va NLp(‘f) va M, (77) la ham co s& B - spline trong phuong £va 77,

twong rng.

Biéu thirc (4) c6 thé dwoc viét lai dang nhw sau

S(én)zn?NA(f,n)PA
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trong do NA(f,n) =N, (f) A/ (77) la ham dang lién quan dén nut A.

Tuwong ty mat B - Spline, mat NURBS duoc dinh nghia nhu sau

nxm N .w
S(&m)= % Ra(&:77)Pas R = mo—2
% N W, (6)

trong do wa |a ham trong s6. M6t vi du clia b@ mat NURBS bac ba dugc thé hién trong Hinh 1.
3. M6 hinh ding hinh hoc cho tim composite nhiéu I&p st dung ly thuyét HSDT-4unknown
3.1. Chuyén vi va bién dang trong tém

Goi Q thudc [ 21a mat trung binh cla tdm va uy, vo l1an lugt 1a cadc thanh phan chuyén vj trong
phuong x, y; chuyén vi w trong phuong z gdm hai thanh phan 1 w, do uén va ws do cat, nhu trong Hinh
2. Trudng chuyén vi cia HSDT-4unknown cé dang nhu sau

u(x,y,z,t)=u (X, y,t)— 2w, , +9(z)w;
V(X Y,2,t) = Vo (X, y,t) — 2w, , + 9 (2) W

(7)
W(X, Y, z,t) =w, (X, y,t)+w, (X, y,t)

trong d6 g(z) = f(z) - zvéi f (z)= —hsinh%+ zcosh%; f'(z)= —cosh%+cosh%

Hinh 1. Bé m3t NURBS va mat lwdi diéu khién[23] Hinh 2. Hinh hoc clia tdm
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2 T > .- .
Vecto bién dang phang &, = [exx Eyy yxy] co thé viét lai nhu sau

g, =€ +2K, +9(2)k, (8)

p

: . T
va vecto bién dang cat y = []/XZ yyz] c6 dang
v=[1+0'(2)]x, ©

Chitiét g;, ¥;, K,, K; xem trong [22].

3.2. Dang yéu

Cho phén tich dao tu do cla tdm composite nhiéu I&p sir dung ly thuyét HSDT-4unknown, mét dang
y&u dugc suy ra tir dang déng cla nguyén ly cong ao

[ %}, De ,d+ [ & D*ydQ = [ su" mudQ (10)
Q Q Q

Chi tiét €y, Y ,5, D® va m, Uxem trong [22].
Va dang yéu ctia tdm chiu lyc trong mat phang cé thé dwoc viét nhu sau

[ %], De,dQ+ [ & DPydQ+ [ VT SWN VwdQ =0 (11)
Q Q Q

Chitiét V, N, xem trong [22].

Bang cach st dung ham co s& NURBS, trudng chuyén vi cé thé dugc xap xi nhu sau

Uo Ra 0 0 0 |[u,
v nmf 0 Ry, O 0 ||V nxm
=1 0= A A L%"R .0,
w,| A1l 0 0 Ry O ||w,| A2
W, 0 0 0 R,||w, (12)

v by 2 by T b ~ by ~ ? 2 .
trong d6 NxXM Ia s6 ham co' s&, Rava Qu =[uA Vo  Woa WsA] la nhirng ham hitu ti co s¢ (rational

basis functions) va bac tu do (the degrees of freedom) cla u lién quan dén diém diéu khién (control
point) A.

Bi€n dang phang va bién dang cit duoc viét nhu sau
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[Sp Y]TanZm[BE BY BY BsA:hA:r:szAqA

A1
(13)
Chi tiét By, BE’Al, BE’AZ, BS xem trong [22].
Cho phan tich dao déng ty do, ta cé
(K-’M)q=0 (14)
Va cho phan tich 6n dinh, ta cé
(K-2Ky)a=0 (15)

Chi tiét K, K, M xem trong [22].

4. Két qua s6

Trong muc nay, nhitng vi du s& khac nhau dugc md ta va nhan xét dé thé hién dé chinh xac cua
phuong phap hién tai trong viéc dy dodn rng x(r dao ddng tu do va 8n dinh cho tdm composite nhiéu
I&p. Cho muc dich xac minh, két qua thu duoc tir gia thuyét truding chuyén vi cla Soldatos [8] dwoc so
sanh vdi két qua cla cac phuwong phap d3 dugc cdng bé. Nhitng dac tinh vat liéu duoc gia thiét nhu sau:

E, =40E,, G,, =G, =0.6E,, G,, =05E,, v, =0.25, p=1
(16)

Tan s6 dao dong va luc gdy mat 6n dinh cda tdm duoc bidu dién dudi dang khong thir nguyén nhw
sau:

Vi du 1. Xét tdm composite vudng (0°/90°), chiu lién két twa don vdi ty 1& L/h = 10. TAm dwoc mé hinh
V@i 3x3, 7x7, 11x11, 15x15 phan tr bac ba dé nghién ctru sy hdi tu cla nghiém. Nhirng két qua va sai s6
twong ng déi vdi nghiém gidi tich cha tin s6 dao ddng va luwc gdy mat 6n dinh mét phuong dugc thé
hién trong Bang 1. N6 cho thay rang chi v&i md hinh 3x3 phan tl, két qua hién tai d rat gan véi nghiém
giai tich. Khi tdm dugc mé hinh vdi 7x7 phan tlr bac ba, két qua hién tai trung khép véi nghiém gidi tich.

Vi du 2. Xét tdm composite vudng hai |&p (0°/90°) chiu lién két twa don véi ty |1é L/h = 4, 10, 20, 50, 100.
Tam duwgc mé hinh 7x7 phan tl bac ba. K&t qua cla phwong phap hién tai duoc so sédnh véi nghiém giai
tich cla tan s& dao dong dwoc thé hién trong Bang 2. N6 cho thay rang, k&t qua hién tai rat gan véi két
qua clia TSDT[45], RPT[45]. Cling thay rang, tan s6 dao déng cla tang dan khi ty 1& L/h ting.
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Vi du 3. Xét tdm composite vudng ba I&p (0°/90°/0°) chiu nén hai phuong lién két twa don véity 1é L/h =

2,5, 10, 15, 20. TAm dugc md hinh 7x7 phan tlr bac ba. K&t qua cda phwong phdp hién tai dugc so sdnh
v&i nghiém gidi tich cta lyc gdy mat 8n dinh dugc thé hién trong Bang 3. N6 cho thay rang, két qua hién

tai gan vdi cac két qua da cong b6. Tuy nhién, né con chénh léch nhiéu khi L/h = 2. N6 con cho thay rang,

khi ty 1& L/h tang thi lvc gdy mat 6n dinh cla tdm cling tang dan.

Bang 1. Lwc gdy mat 6n dinh va tin sé dao ddng clia tdm composite vudng (0°/90°), chiu lién két twa don

S6 phan tir

SG6 16p

(0/90).

(0/90)s

(0/90)s

Tan sd dao déng ®
3x3
7x7

11x11
15x15

Nghiém giai tich [24]

Lwc gdy méat 6n dinh N
3%3
7x7

11x11
15x15

Nghiém giai tich [25]

14.8598(0.09)* 15.4748(0.07)

14.8477(0.01)
14.8474(0.01)
14.8474(0.01)

14.8463

22.6183(0.17)
22.5832(0.02)
22.5823(0.01)
22.5822(0.01)

22.5790

15.4638(0.00)
15.4635(0.00)
15.4635(0.00)

15.4632

24.4945(0.14)
24.4616(0.01)
24.4607(0.00)
24.4605(0.00)

24.4596

15.7808(0.07)
15.7703(0.00)
15.7701(0.00)
15.7700(0.00)

15.7700

25.4552(0.13)
25.4234(0.00)
25.4225(0.00)
25.4224(0.00)

25.4225

* S8 trong ngodc |a sai s6 (%) so vdi nghiém gidi tich

Bang 2. Tan s6 dao déng cla tdm composite vudng hai I&p (0°/90°) chiu lién két twa don vdicécty 1é L/h

khac nhau

Phuong phap

L/h

4 10

20

50 100

HSDT-12DOFs[26]

HSDT-9DOFs[26]

7.9081 10.4319 11.0663 11.2688 11.2988

7.8904 10.4156 11.0509 11.2537 11.2837
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TSDT[26] 8.3546 10.5680 11.1052 11.2751 11.3002
RPT[26] 8.3546 10.5680 11.1052 11.2751 11.3002
FSDT[26] 8.0889 10.4610 11.0639 11.2558 11.2842
Present 8.3510 10.5677 11.1057 11.2759 11.3010

Bang 3. Lyc gdy mat 6n dinh cla tdm composite vudng ba |&p (0°/90°/0°) chiu nén hai phuong lién két
twa don vdi cac ty 1€ L/h khac nhau

Phuong phép L/h
2 5 10 15 20
HSDT-RPIM[27] 1.457 5.519 10.251 12.239 13.164
FSDT-RPIM[27] 1.419 5.484 10.189 12.213 13.132
HSDT-FEM[28] 1.465 5.526 10.259 12.226 13.185
Present 1.6838 6.1783 10.8884 12.7202 13.5195

6. Nghién ciru tham sé

Trong muc nay, khao sat dnh hudng clia bién dang cat va gdc vat liéu dén tan s6 dao dong va luc
gay mat 6n dinh cla tdm composite vudng (0°/90°), chiu lién két twa don véi ty 1& L/h = 10. TAm duwoc
mo hinh véi 7x7 phan t&r bac ba.

Anh hudng cla bién dang cit dén tin s6 dao dong va luc gdy mat 8n dinh mét phuong clia tdm
dwoc thé hién trong Hinh 3 va 4. N6 cho thay rang tan s6 dao ddng va lwc gdy mat 6n dinh gidm manh
khi ty 1& L/h gidm tir 20 v& 2. N6 cé nghia rang, bién dang cit ting lam gidam do6 cing cla tdm. Anh
hudng cla bién dang cat dic biét quan trong khi ty 1& L/h nhd, nhuwng né khdng déng ké khi L/h 16n hon
20. Ngoai ra, tan s dao déng va lyc gdy mat 6n dinh ting khi s8 |&p vat liéu cla tdm gia tang.
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B 6tf —(0/90)4| |
——(0/90)5 sLf
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Length to thick ratio, L/h 0 20 40 60 80 100

Length to thick ratio, L/h

Hinh 3. Anh hudng cla bién dang cit dén  Hinh 4. Anh hudng cla bién dang cit dén luc
tan s6 dao déng cha tdm gay mat 6n dinh mét phwong cta tam

Hinh 5 va 6 thé hién anh huwdng cla gdc vat liéu dén tan sd dao dong va luc gdy mat 6n dinh mot
phuwong cla tdm. N6 cho thay rang, véi n Ién hon 1, tan s6 dao ddng va luc gdy mat 6n dinh tang dan khi
gbc vat lidu tang tir 0° dén 40° va giam dan khi géc vat liéu tang tir 40° dén 90°. Tan sd dao ddng va luc
gay mat 6n dinh tang dan khi géc vat liéu tang vai n =1.

14}

L= (0/a)1
——(0/a)2
r = (0/a)3
——(0/a)4
—(0/0)5

—
w

)

Fundamental frequency

(=
(=]

. . . . . . . . .
10 20 30 40 50 60 70 80 90 10 L L 2 L L L . L 1
Lamination angle, a 0 10 20 30 40 50 60 70 80 90
i Lamination angle, a

Hinh 5. Anh hudng ctia géc vat liéu dén tin Hinh 6. Anh hudng cta goc vat liéu dén luc
s6 dao déng clia tam gay mat 8n dinh mét phwong cla tam

6. K&t luan

Trong bai bdo nay, phuong phdp IGA két hop ly thuyét HSDT-4unknown théng qua gia thiét xap xi
trwong chuyén vi cda Soldatos [8] d3 dugc phat trién cho phan tich dao dong ty do va 6n dinh cla tdm
composite nhiéu |&p. K&t qua cla phuong phap hién tai khi so sanh véi két qua cla cac phuwong phap d3
cdng bd 13 rat trung khdp. Ngoai ra, vi ly thuyét HSDT-4unknown chi st dung bdn bién, nén phuong
phap IGA két hop vdi ly thuyét HSDT-4unknown cho hiéu qua tinh todn cao hon so véi cac ly thuyét ndm
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bi€n nhu [3-7]. Viéc nghién clru tham s6 d3 cho thay anh hwédng clia bién dang cat, s6 I6p va gdc vat liéu

|3 d3c biét quan trong d6i véi irng x&r dao déng tu do va 6n dinh cla tdm composite nhiéu |&p.
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Abstract. In this paper, an isogeometric analysis (IGA) and a four unknown hyperbolic shear
deformation theory (HSDT-4unknown) was proposed for the free vibration and buckling analyses of
laminated composite plates. The IGA approach employs the NURBS (Non-Uniform Rational B-Spline)
functions which can satisfy the C*-continuous condition, while the HSDT-4unknown accounts for the
shear deformation effect without requiring any shear correction factor. A computer program written
in Matlab was also developed for free vibration and buckling analyses of laminates and its accuracy
was verified through several numerical examples. Parametric studies were also carried out to
investigate the influence of the shear deformation, number of layers and ply angles on the
fundamental frequency and critical buckling load of laminates.
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Stra do an va hgc nhom truc tuyén bang chwong trinh Groove
Nguyén Hoai Nam, Nguyén Vin Hiéu
Khoa Xdy Dung, Pai Hoc Kién Triic TP.HCM, Email:hieu.nguyenvan@uah.edu.vn

Tém tat. Po dn mén hoc va dé an 1ot nghiép la mét trong nhu"ng dac thu cua nganh xay du’ng Voi
viéc mo rong cdc co s gidng day tu’ xa thi viéc gzang vién dén lo’p dé hudng dan truc tiép sé ton
nhiéu chi phi va thoi gian. Nhu cdau can ¢é mét dién dan truec tuyén dé sinh vién va gidng vién cé thé
ddng nhdp thdo ludn va xem thong tin trao doi la rdt cdn thiét. Bai viét nay gidi thiéu mét giai phap
hiéu qua, don gian, dé sir dung dé thuc hién viéc hoc nhém va sira do dn triec tuyén thong qua phan
mém Groove thudc bg san pham Microsoft Office.

Tir khéa: Hoc nhédm - Stra d6 an truc tuyén - Microsoft Groove

1. Pt van dé

Slra bai d6 an mon hoc hodc slra bai d6 an t6t nghiép la moét ddc thu nganh nghé trong giang
day cia nganh hoc xay dwng. Vi tinh hinh mé& rdng cac co s&, phan hiéu giang day tir xa & céc
tinh thanh thi véi mbdi d6 4n mon hoc, gidng vién phai dén tan I&p hoc tai dé dé stra d6 an cho
sinh vién mét vai [an, moi [an mot vai budi. Bén canh dé, sinh vién cling chua cé dd thoi gian
thuc hién d6 an dé thay duwoc nhitng khiic mac trong mot thoi gian rat ngan ma gidng vién cé
mat tai co s& d4. Viéc trao ddi qua dién thoai ma khdng cé ban vé rat khé hiéu qua. Viéc gli
email thi cling kha rudom ra, va s& xay ra sy trung |3p véi cac ndi dung gan gidng nhau cho moi
sinh vién. Hon nita viéc chi phi di lai cho giang vién cling kha tén kém, dac biét khi di sira d6 an
& tinh cé thé phai bd viéc day & trwdng va nhiéu cdng viéc khac. V@ phan cua sinh vién & cac co
s& thi khi tdi cac ky sira d6 an tét nghiép, sinh vién phai mat cd ngay trdi khan géi lén thanh phé
moi tuan dé nghe thay ndi trong mot thoi gian ngan, chuwa ké dén nhitng chi phi di lai, sinh hoat,
va cong viéc rieng ctia mdi sinh vién hé vira hoc vira lam.

Con vdi viéc hoc nhédm cda sinh vién thi cdc em phai gdp nhau dinh ky hang tuan tai trwdong dé
trao d&i trong khi truong ta chua cé cac phong tw hoc. Cung véi tinh trang ket xe va chd &
khéng tap trung thi viéc gdp nhau dinh ky dé thao luan s& gip rat nhiéu khoé khan. Do hau hét
cac em déu s dung internet nén cdc em thuong giai quyét bang cach 1a chi gdp nhau mot budi
dau tién d& nhém trudng phan cong nhiém vu, sau dé moi ngudi vé nha “tu bién ty dién” roi
gti Email cho nhém trudng mot cach vé thudng vé phat. Sau dé anh “dau bép” nay phai dem
tat ca cdc nguyén liéu dé “xao n3u” kiéu gi d6, nhung dén ngay thuyét trinh phai cé mot cai file
PowerPoint dé trinh chiéu trwdc su ng® ngang ciia moi thanh vién trong nhdm!

Qua tinh hinh téng quan chung vé viéc sira d6 an cla giang vién cling nhu 1am viéc nhédm cua
sinh vién, ta thay can phai c6 mdt cai gi dé giong mot trang web, mot dién dan tryc tuyén. Do
gidng nhu mot cai phong chung cho moi ngwdi, noi ma moi nguwdi cung hen nhau dén dé dé
thao ludn, hodc ai cling c6 thé ghé bat ky khi nao dé kiém tra hom thu cla minh xem cé théng
tin gi méi khéng, du ho dang & bat ky noi nao trén thé gidi.
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Tuy nhién néu lap han mot trang web thi phai mat phi thiét k&, duy tri tén mién, thué mdy chd,
thué nguwdi quan ly. Va cac thdng tin ndi bé nhiéu khi bi “hé hénh” mét cach khéng can thiét.
Diéu nay cling c6 thé duwoc dua ra dé xem xét khi quy mé va nhu cau lam viéc nhom dd 1&n. Khi
ma moi hoat dong déu dang duoc tryc tuyén héa tirng ngay.

DE thi diém hiéu qua cla viéc sira d6 an va lam viéc nhém truc tuyén, bai viét xin gidi thiéu mét
phan mém chuyén &ng dung cho lam viéc nhém va thao luan trong bd Office quen thuéc cla
Microsoft, dé |a Microsoft Office Groove 2007 [1]. Phan mém nay ciing dé& s& dung nhu Word,
Excel, PowerPoint... va c6 thé dong bé hda duwoc vdi tat cd cdc chuong trinh khac cha Microsoft.

2. Gi6i thiéu chwong trinh Groove

Chuwong trinh Groove sé tao mot phong lam viéc chung (workspace) cho tat cd moi ngudi tham
gia. Ngudi gidng vién s& lam chl cin phong dé bang cach tao ra workspace, va mdi céc sinh vién
trong nhdm slra d6 an vao phong lam viéc théng qua dia chi Email cla ho. Chi nhitng nguoi
dugc moi mdi cé thé vao phong chung nay. Tat ca cac tai liéu va cac ndi dung dua |1én phong
(files) nay déu duwoc glri dén mady tinh cla tat ca cdc thanh vién. Thay vi phai can mot may chd
dé lwu dir liéu thi & day, dir liéu duoc lwu tai 6 cirng mdy tinh cla tat ca cac thanh vién. Vi vay,
néu mét may nao do bi mat dir liéu thi ngay lap tirc cé dugc toan bd cac tai liéu da dua vao
phong sau khi cai lai mdy. Moi ngudi cung thao tac trén mét ban v&. Sau khi mét thanh vién luu
nhitng gi thay d&i thi 1ap tic thay d6i d6 dwoc thong bao dén tat ca cac thanh vién con lai bang
mot dau sao sang & dau cla file d3 dugc thay déi va mdt tin nhdn & géc dudi bén phai man
hinh kéem theo mét 4m bao.

Groove cé co ché ddng bd théng tin rat théng minh. Khi ban chinh stira mét tap tin 1én, ngay sau
khi hoan tat, Groove sé& danh dau va glri nhitng thong tin duoc thay déi trong tai liéu d6 thay vi
glti cd mot tap tin hoan chinh di. Chinh vi thé ma t6c d6 dong bd s& dwoc dién ra trong tich tac
va khdng l1am nghé&n duong truyén.

Khi nhiéu ngudi cung tham gia chinh sira cung mot tai liéu sé& dan dén hién twong tranh chap va
ban cé thé lo 1ang dén viéc mat thong tin (diéu nay s& xay ra khi ban chia sé tap tin trong cac
thu muc dung chung). Déi v&i Groove, van dé da duwoc gidi quyét mét cach rat tu nhién thong
qua viéc chi cho lwu lai cac tap tin c6 tranh chdp vé ndi dung trong nhitng phién ban khac nhau
va sau dé cac ca nhan trong nhém lam viéc cé thé tw quyét dinh lwu hay bd bang cach thi cong.
Néu ¢ hai ngudi cung chinh sira mét tap tin, hé théng sé ty déng tao ra hai phién ban khac
nhau, va lya chon 13y két qua nao s& do mdi thanh vién tw quyét dinh.

Gidi han thanh vién trong mét nhdm Workspace trén ly thuyét |a khéng gidi han nhung theo
Microsoft khuyén cdo thi tdi da 13 30 user dé cé thé hoat déng théng suét. Dt liéu duoc chia sé
trén Internet d3 duwoc ma hda bang chinh tai khoan dang nhap Groove cla ngudi dung. Chi
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nhitng tai khodn thudc nhém riéng goi la Workspace mai c6 thé gidi ma dé xem ndi dung. Néu

ké xau dung cdng cu bat cac goi tin nay trén mang thi ciing khéng thé nao xem duoc.

Ngudi giang vién tao ra workspace sé& gilt quyén han cao nhat déi véi nhdm dé va cac tai liéu

duogc chia sé trong d6: cap phép, mdi ngudi vao nhdm hodc nguoc lai, quan sat cac thanh vién
dang thao téc gi trén di liéu, khi nao qua cac biéu tuwong, cdnh bdo...va xéa dit liéu trén cac
may thanh vién.

Ngoai ra, chwong trinh con cé mét sé rng dung chuyén dung cho lam viéc nhém nhu sau:

e Tat ca thanh vién c6 thé Chat v&i nhau trén cing mét clra s6 gidng nhu dang ndi cung
nhau trén mot ban hop. Mot ngudi néi, tat cd moi ngudi cling nghe. Hodc gli tin nhan
dén riéng mdt thanh vién ndo d6 bang chirc ndng Send Message...

e Dién dan thado luan y kién Discussion. N6 gidng nhu mot dién dan thyc thu ciia mot
trang web chuyén nghiép. Moi ngudi cd thé ty tao chi dé mdi, phan hodi y kién cua
mot ai do va dinh file kem theo (Hinh 1).

v i - 8- A |X % % ¥+ 5 38 | hvewer - B

Date Subject author
=l af27); = Re: NHUNG YN BE THUOMG GAP KHI LAM B3 AN TOT NGHIEP Nguyen Hoal Nam
12} Re: NHUNG YAN BE THUONG GAP KHI L&M B0 AN TOT NGHIEP

Subject Re: MHOPNG VAN BE THUGNG GAP KHI LM 5 AN TOT NGHIEP
by Pham Yan Anon 12132010 12:00 AM

ern g&ip vin d&vE thh todn md men gdiva nhip cho ban thang, em khang kigttinh nhuthé nao cho hdp K. em nhd thy va mei ngudi chi gidp. emxin cam dn

Current iew: by Date v Records in view: 3

<2 Discussion (1 | #calendsr || ¥imotepad || caMestngs || Sskewhpsd || Fopictwes || o Chess Game n

Hinh 1. Giao dién dién dan thao luan (Discussion)

Lich Calendar cé thé& nhap lich sira d6 4n sap tdi, lich day, lich coi thi... v chwong trinh
s& tw dong nhac nhé khi vao phong lam viéc chung.

Phan ghi chi Notepad gitip ching ta ghi chd nhitng diéu quan trong can gap nhu danh
sach sinh vién stra bai trong ngay, s6 dién thoai, nhitng thac mac ngén gon...

Phan thong bdo lich stra dd &n va lich hop nhém Meetings. O dé cho phép ta nhap
ngay, gio bat dau, két thuc, dia diém, ndi dung hop va cé thé dinh kém file.
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e Thd vi nhat 13 phin Sketchpad. O day, ta cé cac to gidy tring va tat cd moi ngudi déu
c6 thé cung dat bat v& trén to gidy nay gidng nhu dang ngdi cung nhau trén ban vay.
Khi thanh vién nay vira dit nét vé 13 trén may cla tat cad cac thanh vién khac déu cé
nét v& do. Ta co thé 13y hinh tir ban v& dua lén trang nay dé chi ra nhitng diém sai bang
mot s6 cdng cu ve.

Sketchpad £l
no g e @ TR E K S s

[uncitled] ] 1of2

(5]

¢ ghi kich thudc 16

N

iu| can tinh lai thép chd nay
- -

“ ]

n 2,

T !wl:;u‘}‘t:_

=4
1

MAT BANG MONG . TL 1/25

#colerdsr || * notspad || cGitestngs || - Sketchpad (1 I #. Pictures

Hinh 2. Giao dién SketchPad

| chessGame n

e Thé Pictures cho phép ching ta chia sé kho hinh anh cho moi ngudi cing xem va tao
kho dit liéu hinh anh chung cho ca nhom.
e Ngoai ra, cac thanh vién cd thé cung xem va binh luan 2 thanh vién nao d6 dang choi
cd vua cung nhau trong phan Chess Game.
Groove hoat ddng &n khdp vdi cdc bd san pham Microsoft Windows SharePoint Services 3.0,
Microsoft Office SharePoint Server 2007, Microsoft Office InfoPath 2007, va Microsoft Office
Communicator dé tang cvong kha nang trdo déi thdng tin nédi bé.

Khi bat ky thanh vién nao thém hodc slra théng tin trong bat ct File nao, thé ndo thi trudc File
hodc thé dé c6 mdt dau sao sang kém theo mot am bao va maot tin nhdn hién & géc dudi bén
phai man hinh cho chdng ta biét cé thdng théng tin mai.

Diéu dic biét ma mot dién dan trén trang Web khong lam duwoc 1a ching ta cé thé sira file, phan
héi y ki€n trén Discussion, thong bao lich hop nhém, chia sé hinh anh, minh hoa trén
Sketchpad...ma khdng can cd Internet. Chwong trinh s& tu déng glti nhirng thay déi dé trén may
tinh cha ching ta dén cdc may thanh vién va nhan théng tin méi vé khi may tinh cha ching ta
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duogc két néi internet. Vi vay ching ta c6 thé phan hoi y kién Sinh vién khi di trén xe hay & bat
ky noi nao va & dau, va khi mdy tinh cta chidng ta dugc két ndi Internet sau do, nhirng thdng tin
nay s& duoc ty dong glri va nhan.

Chuong trinh ciing cé hd tro Chat voice, tuy nhién ta ciing cé thé két hgp mot s6 phan mém
Chat voice mién phi nhu Skyper hodc Google Talk hodc Yahoo dé cé thé trao d&i truc ti€p voi
Sinh vién khi stra d6 an.

3. Cach sir dung Groove

Trong lan d3u tién kich hoat, chwong trinh s& yéu cau ngudi dung tao 1ap mét tai khoan mai.
Sau khi chon Create a new Groove account, chon tiép | don’t have a Groove Account
Configuration Code dé bd qua phan m3 cau hinh roi khai bdo Ho tén, dia chi email, mat khau.

Nhiém vu cla ban bay gio la tao mét vung khdng gian lam viéc chung, ving nay sé& chilra cac
théng tin ma ban muén chia sé vdi cac thanh vién trong mét nhdm du dn va ching sé duoc
déng bd vai nhau mot cach cuwe ky nhanh chéng.

Tao Workspace

Dé tao mot khéng gian lam viéc méi trong Groove (goi |a workspace) ban tién hanh theo céc
budc nhu sau:

1. Chon File | New | Workspace... hép thoai Create New Workspace s& xuat hién.

2. Ban nhap mét tén trong hdép thoai Name of Workspace (VD D6 an tét nghiép XD06),
chon Standard trong phan Type of Workspace

3. Nhan chon OK

4, Groove sé tao ra mot khong gian lam viéc nhu Hinh 3.
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& Launchbar - Microsoft Office Groove |: E|E|
Fle Edit Options Help AY

Workspaces Contacts
Mew Workspace
|2) Active
£ =100 An Tok Nghiep XDOG
|¥) Unread
(&) Read
300 An Betong 1T XD08YL
Do An Tot Mghiep XDPYOS
Tostandard Warkspace

Common Tasks

4 Tnwite bo Waorkspare

@0 Turn OFF Alerts

,ﬁ Yiew Workspace Properties
';;V Mark Read

Hinh 3. Clra s6 khai tao Workspace

Pua thong tin 1én Workspace

Trong vung lam viéc chung ban cé thé dwa moi thdng tin 1én d4. Cu thé 1a nhitng tap tin, hinh
anh, van ban, bang tinh, bai thuyét trinh, cac thu muc chira dit liéu...

Dé& lam viéc nay ban theo cac buwdc sau day:

1. M& workspace

2. Nha&n nat Add Files, hop thoai Add Files s& xuat hién nhuw hinh minh hoa

3. Ban chon nhitng files mong muén chia sé

4, Toan b6 thong tin dwgc chon sé duwgc nap vao trong Workspace

5. Trong workspace ban ciing cé thé thao tac cat, dan, di chuyén, tao méi thu muc, stra

tén, x6a... nhu thao tac trén clra s6 Windows Explorer
M¢&i moi ngu @i cung tham gia Workspace

Sau khi da twong doi hoan chinh viéc nap nhitng théng tin mudn chia sé trén Workspace, ban
bat dau moi moi ngudi cung tham gia bang cach sau:

1. M& Workspace
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2. O phian Workspace Members bén phai, nhap tén hodc dia chi e-mail cia ngudi mudn
moi
3. Chon ché d6 tham gia & muc Role: Participant (cdng suw, dugc quyén chinh sira), Guest

(chi xem), Manager (toan quyén)

4, Nh&n vao nut More dé ma clra sé Add Recipients

5. Gd dia chi e-mail cha ngudi ma ban muén moi, sau dé nhan cho nat Add to list
6. Sau cung nhan nut OK dé glri thu moi

7. Gan quyén cho ngudi ma ban dinh moi

8. Ban c6 thé thu giong ndi ciia minh hodc gd ndi dung cla thu moi truwdc khi glri

Trudng hop ngudi dung khéng cai dat mail client (nhw Outlook, ThunderBird..)

Han ché cta cach moi trén [a & may dua ra 1o moi phai cé trinh quan ly mail nhu Outlook,
Thunderbird... Trwdng hop khéng c6 cadc mail client trén thi dé tao 1o moi, ngudi dung chon
File / Save Invitation as file roi gt file nay cho ngudi dugc mai, va ngudi nay chi can kich hoat
file nay la s& vao duwoc workspace. Hodc c6 thé vao File / Copy Invitation to Clipboard dé copy
ndi dung cta doan mail kich hoat sau réi paste vao néi dung cta thu mai. Ngudi duwoc moi chi
can kich hoat vao dong kich hoat dé vao workspace nhu sau:

Hoai Nam (namxd03@gmail.com) has invited you to join a Groove workspace called "CLB Vuot
Séng".

New to Groove?

Download a free trial version of Microsoft Office Groove 2007 and accept the invitation by
clicking on the link below:

http://invitation.groove.microsoft.com/Download/?Invitation=7B1A5395-3893-4484-AE3C-
6F3A4D93C42A

Already Have Groove?

Accept the invitation by clicking on the link below:
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http://invitation.groove.microsoft.com/?Invitation=7B1A5395-3893-4484-AE3C-
6F3A4D93C42A

Microsoft Office Groove 2007 software allows groups of people to work together securely as if
they're in the same location. Groove has everything your group needs to share files, manage
projects, conduct meetings, and get work done.

For more information about Groove go to
http://r.office.microsoft.com/r/rlidGrooveC103?clid=en-us

Ban cd thé dung tai khodn Groove cta chinh minh & mét may tinh khac, khi d6 ban phai tao mét
file d€ ban kich hoat & modt mdy tinh khac. Va gti file nay vao mail cla chinh ban dé ban cé thé
tai vé & bat cr noi nao cd internet. Options / Invite my other computer réi OK. Chuong trinh sé&
tao ra mot file cé dudi la GRV, mac dinh trén Desktop.

Trong lan dau tién tham gia Workspace

Ngudi dugc moi s& nhan dwoc mot email trong d6 cé glri kém mét file théng tin vé Workspace
duwoc tao bdi Manager trén may chld. M& file dinh kém nay bang Groove, ngudi dung s& duoc
yéu cau chip nhan (Accept) dé két néi.

Sau khi két ndi, mdy s& gii yéu cau dong bé dir liéu téi may chi chira Workspace géc. Tai may
chu, cho Ian d3au, tai mdy cht cling phai déng y thiét 1ap két noi.

Vé nguyén tic, ngudi dugc moi mac dinh s dung account clia nguwdi moi dé vao Workspace
nén khi k&t ndi lan dau s& xay ra xung dét vi trung tén. Luc nay, ban h3y chon Verify Identity dé
thay déi. Sau d6 ban chon nut Verify... roi gd tén ngudi dugc moi vao roi OK.

4. Két lun

Microsoft Groove duwoc tich hop trong bé Microsoft Office cung vd&i cac trng dung quen thudc
khac nhu Word, Exel... nén viéc cai dit dwoc thye hién dé dang khi dung dia DVD cai ddt ban
Full cia Microsoft Office. Tom lai, dé thi diém hiéu qua cta lam viéc nhédm tryuc tuyén, ta cé thé
manh dan dp dung mé hinh nay cho mét 1&p tai TP HCM, qua d4, cung duc rat kinh nghiém dé
ap dung cho cdc I6p ké ti€p va gidi thiéu cho cac em Sinh vién trong cong viéc hoc nhém. Diéu
nay khdng mat nhiéu chi phi, thdi gian va nhan lyc vi Groove |a sdn pham rat phu hop va dé
dang trién khai, khéng can Server, khéng can ngudi quan tri mang, khéng can cé kién thirc
nhiéu vé cdng nghé...

Tai licu tham khao
[12] Microsoft (2007), Microsoft Office Groove 2007: http://www.microsoft.com/en-
us/download/details.aspx?id=26946.

Trang 102


http://www.microsoft.com/en-us/download/details.aspx?id=26946
http://www.microsoft.com/en-us/download/details.aspx?id=26946

Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

2D and 3D seismic damage analysis of concrete gravity dam

Nguyen Trong Nghia %,

Kyung-Ho Park ?,

1 Open University Ho Chi Minh City, 97 Vo Van Tan, Dist. 3, Ho Chi Minh City, VietNam

2 School of Engineering & Technology, Asian Institute of Technology,P.O. Box 4, Klong Luang,
Pathumthani 12120, Thailand.

*corresponding author. Tel.: 01212288337 ; Email: trongnghiabk02@gmail.com

E-mail: khpark@ait.ac.th

Abstract : After some recently massive earthquakes in Asian, Constructions against seismic
force are more and more considered, especially high risk potential constructions when failure as
large dams. In this study, danger spillway section of a proposed concrete gravity dam is investigated
with 2D and 3D nonlinear seismic damage analysis by using the finite element program ABAQUS and
the concrete damaged plasticity model. Four different cases of the spillway section are simulated and
analyzed with strong ground acceleration motion. Relative displacement between the crest and
bottom of the dam together with the tensile damage distributions over the dam at specific time are
obtained. Then, the similarity and difference of 2D and 3D analyses in relative displacement and

damage distribution are discussed.

Keywords: Seismic analysis - Concrete gravity dam - Plastic damage model

1. Introduction

Recently, the construction of several new concrete gravity dams has been planned in
Southeast Asia. The concrete gravity dams are usually designed to withstand both static and seismic

loading. In the construction of dams in the northern Thailand, Myanmar, and Lao PDR, the seismic
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loading is seriously considered because of the previous record of strong earthquake occurrence in these

regions and the consequence of safety of dam, environment and human.

Although no complete failure has been reported, some concrete dams have been severely
damaged due to the strong earthquake ground motion (CEA 1990, 1998, Knight & Mason 1992, USCOLD
1992). The four most commonly reported cases are Koyna Dam, India, 1967; Hsingfengkiang Dam, China,
1962; Sefi-Rud Dam, Iran, 1990; and Pacoima Dam, California, 1971 and 1994. While the safety
evaluation of concrete dams usually uses a linear elastic model based on an allowable maximum tensile
stress, the strong earthquake ground motion can produce tensile stress exceeding the tensile strength of
concrete. Then cracking or damage will occur in the dam due to tensile stress. Consequently, nonlinear

procedures are required to consider in the seismic response of concrete gravity dams.

In order to estimate the seismic damage or fracture of concrete dams, including gravity
dams and arch dams, numerical investigations have been conducted in 2D and 3D space using the
nonlinear concrete models, such as the discrete crack approach and fracture mechanics [ Ayari &

Saouma (1990), Feltrin et al. (1990), Batta & Pekau (1996) ] the smeared crack approach [ Loli & Fenves

(1989), El-Aidi & Hall (1989), Bhattacharjee & Leger (1993), Calayir & Karaton (2005) [b], Mirzabozorg &

Ghaemian (2005) ], the continuum damage mechanics approach [ Cevera et al. (1995), Ghrib & Tinawi

(1995), Yazchi et al. (1999), Calayir & Karaton (2005)[a] ], and the plastic damage approach [ Lee &

Fenves (1998) 1, as well as the shaking table and centrifuge experiments have been conducted on small

scale of models [ Bakhtin & Dumenko (1979) , Niwa & Clough (1980), Donlon (1989), Hall (1989) , Donlon

& Hall (1991), Lin et al. (1993) , Zadnik & Paskalov (1992), Zadnik (1994), Mir & Taylor (1995), (1996),

Harris et al. (2000), Tinawi et al. (2000) ] .

This study deals with 2D and 3D nonlinear seismic damage analysis of a full-scale concrete

gravity dam using the finite element program ABAQUS. In order to compare 2D and 3D analyses, four
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different cases of the spillway section of the proposed dam are considered: (1) Case 1: 2D plane stress
analysis for flushing sluice section, (2) Case 2: 3D analysis of flushing sluice section, (3) Case 3: 3D
analysis of a combination of spillway and flushing sluice sections, and (4) Case 4: 3D analysis of three
sets of spillway and flushing sluice sections. Full-scale concrete gravity dam is modeled with the
assumption of rigid foundation. The dam-reservoir interaction is considered by using the Westergaard
added mass technique. The initiation and evolution of damages of the dam are examined by using the
concrete damaged plasticity model provided by ABAQUS. The similarity and difference in 2D and 3D

analyses in terms of relative displacement and damage evolution are discussed.

2. 2D and 3D numerical modeling

The typical spillway section of the proposed dam, 117 m high and 99.6 m crest long, is
shown in Fig. 1. For 2D and 3D analysis, four cases are considered, as shown in Fig. 2. Casel is 2D plane
stress analysis for flushing sluice section, using 486 4-noded solid elements. This case is the simplest
model and usually used for the seismic analysis of concrete gravity dams. Case 2 is the corresponding 3D
analysis to Case 1. Total 1458 8-noded solid elements are used in this case. The other two cases are 3D
analysis of a combination of spillway and flushing sluice sections. Case 3 is for one set using 2418

elements, while Case 4 is for three sets using 8214 elements.
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Fig. 1 Geometry of the proposed dam

(a) Case 1

(b) Case 2
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(c) Case 3 (d) Case 4

Fig. 2 Modeling meshes

Seismic analysis of concrete dam usually takes account of dam-water and dam-foundation
interaction together with cracking model. In this study, full-scale concrete gravity dam is modeled with
the assumption of rigid foundation, which means that dam-foundation interaction is neglected. The
dam-reservoir dynamic interaction is considered by using the Westergaard added mass technique,
which deals with hydrodynamic forces by adding equivalent mass to the structure. Ground acceleration

taken by considering the potential active faults in the site with the peak of 0.42g are applied to all nodes
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at the base of dam. The strong earthquake input motion was simulated as shown in Fig3.

0.5
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0.2
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0.0
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[62 BN w N =
|

Time (sec)

Fig. 3 Strong earthquake input motion

Acceleration time is divided into small time increments for nonlinear dynamic analysis. In

eachsmalltimeincrements,the program must solve general equation:

M uf+{cfaf K O]} ={F )

Where [I\/l] is the mass matrix including added mass for impounded water; [C] is the damping matrix;

[K(t)] is the stiffness matrix at time t. In non-linear analysis, the stiffness matrix of construction

changes with times; {u} is acceleration vector; {u} is the velocity vector {u}ls displacement vector;

{F(t)}is external force vector that is the combination of the static load vector and the earthquake load
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vector. The loads in analysis consist of three steps: gravity loading, hydrostatic pressure and earthquake
force. For static steps, the gravity load is assigned in the first step and the hydrostatic pressure in second
step. For the dynamic analysis, horizontal ground acceleration is simulated at the base of dam. The
behavior of dam is combined between static and dynamic status are calculated at each small time

increment until the end of acceleration time.

3. Material model and damping

The damage behavior of the concrete material is modeled using the concrete damaged
plasticity model provided by ABAQUS, which is based on the models proposed Lubliner et al. (1989) and
Lee & Fenves (1998). This model can consider the effects of stiffness degradation and strength reduction
due to cracks using the characteristics of concrete material in the concrete tension stiffening and

concrete tension damage. Detail of plastic damage model is given in ABAQUS manual[1].

The concrete material is assumed uniform with typical values of unit weight ( o ) = 2400
g/cm3, elastic modulus (E) = 30 GPa, Poisson’s ratio (v ) = 0.2, dilation angle (y) = 36.3°, ultimate tensile
strength ( f',,) = 2.5 MPa, ultimate compressive strength ( f' ) = 15 MPa. The stress—displacement

relations for tension stiffening and tension damage behaviors are obtained through material properties

of Koyna dam, as shown in Fig. 4.
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Fig. 4 Tensile properties of Koyna and proposed dams

Natural frequency of model is an important factor in determining damping coefficient and

damping matrix for dynamic analysis. Damping matrix [C] is determined by Rayleigh damping:

Where [K(t)] is the stiffness matrix at time t. f are coefficients derived by the damping ratio. @ is the

natural frequency at this mode, ¢ is damping ratio, it is from 2-5% for concrete structure

Frequency is chosen so as to direction of mode vibration is the same with seismic force and

it is one of the first mode vibrations. Table 1 summarizes the frequencies up to the first four modes for

four cases. Each case has only one mode in plane with seismic force. The in plane frequencies are

slightly different ranging from 2.7 to 3.1. In order to compare the behavior of different models the basic

input values such as material properties, damping coefficient should be united. Therefore, frequency

2.75 is chosen for four cases. Then the corresponding damping coefficient of £ = 0.00347 is obtained.

Table 1. Frequency extract from four cases

Case Mode Frequency (Hz) Direction with the
excitation
1 2.7004 In plane
1 2 6.6408
3 7.1812
4 7.7382
1 0.5190
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2 2 1.8737
3 2.7115 In plane
4 2.7818
1 1.1217
3 2 3.1272 In plane
3 3.3778
4 4.2417
1 2.8741 In plane
4 2 3.2559
3 4.7760
4 4.9642

Table 2. Damping coefficient

model Case 1l Case 2 Case 3 Case 4
Mode frequency (w:) in plane 16.967 17.028 19.64 18.058
p 0.003536 0.003527 0.00306 0.003323

* Note: ff=2&/w; (unit: sec)
&1 (=0.03): fraction of critical damping for the first mode of vibration of

the dam

4. Results and discussions

4.1 Relative displacement

The nonlinear response at the dam crest relative to ground motion is shown in Fig. 5 and

summarized in Table 3 for four cases. In figures and tables, Fc indicates the first crack initiation, Sc the
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second crack initiation, Mdd the maximum relative displacement toward downstream, and Mdu the

maximum relative displacement toward upstream.

From Fig. 5 and Table 3, it can be seen that all of 2D and 3D cases give similar result of
maximum relative displacements. The maximum relative displacement toward downstream ranges 18.3
~ 22.3 mm, while the value toward upstream ranges 16.2 ~ 22.0 mm. Case 1 gives the largest values of
maximum relative displacement. The maximum relative displacement occurs within 10 sec for all cases.
However, the time to reach the maximum relative displacement is slightly different. The time of

maximum different displacements is around 7.5 ~ 7.9 sec for Cases 1, 2 and 3, while Case 4 around 5.897

~6.25 sec.
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Fig. 5 Relative displacement
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Table 3. Summary of displacements

Time Disp. Accel.
Time Disp. Relative
Case | points at the crest | atthe bottom disp.
(sec) (m) (m) (mm) ()
Fc 5.040 -0.113 -0.1043 8.70 0.0723
1
Sc 5.840 -0.0905 -0.1012 -10.70 0.1600
Mdd 7.757 0.0805 0.1034 22.38 0.0872
Mdu 7.598 0.0536 0.0333 -20.31 -0.0868
Fc 3.766 -0.0746 -0.0836 -8.99 -0.0086
2 Sc 4.960 -0.1094 -0.0997 9.74 0.1112
Mdd 7.735 0.0771 0.0955 18.34 0.0279
Mdu 7.574 0.048 0.0318 -16.20 0.0953
Fc 3.913 -0.0831 -0.0828 0.36 0.1890
3 Sc 3.981 -0.0798 -0.0942 -14.42 -0.0278
Mdd 7.953 0.0986 0.1185 19.88 -0.1753
Mdu 7.560 0.0451 0.0261 -19.06 0.1543
Fc 3.952 -0.0808 -0.0966 -15.75 0.0038
4 Sc 4.067 -0.0791 -0.0651 14.00 -0.0497
Mdd 5.897 -0.0945 -0.0758 18.75 -0.0515
Mdu 6.250 -0.0909 -0.1129 -21.98 -0.1866
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4.2 Damage initiation and evolution

Damage initiation and evolution are shown in Figs. 6 ~ 9 for Fc, Sc, Mdd, Mdu, respectively.
There is a clear difference between Cases 1, 3 and 2, 4 for the time and location of first and second crack
initiation. For Cases 1 and 3, the first crack profile initiates at the heel at 5.04 sec and 3.913 sec. The
second one initiates at the neck part of the dam body at 5.84 sec and 3.981 sec. However, for Cases 2
and 4, the first crack profile initiates at the neck at 3.766 sec and 3.952 sec. The second one initiates at
the heel at 4.960 sec and 4.067 sec. In addition, the first and second crack initiations of 2D plain stress
develop at later time than 3D cases. The first cracks in Cases 2, 3 and 4 occur around 3.7 ~ 3.95 sec,

while for Case 1 the first crack occurs in 5.04 sec.

Fig. 10 shows the resulting damage distribution within the dam body at the end of the

ground motion. The tensile damage appears in the neck and heel parts of the dam. Especially, Case 4

DAMAGET

(Ava: 75%) DAMAGET

(Avg: 75%)
+5.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.958e-01
+4.275e-01
+3.562e-01
+2.550e-01
+2.135e-01
+1.425e-01
+7.125e-02
+0.000e400

+8.500e-01
+7.7928-01
+7.083e-01
+6.375e-01
+5.6678-01
+4.955e-01
+4.250e-01
+3.542e-01
+2.633e-01
+2,1258-01
+1.417e-01
+7.083e-02
+0.000e+00

(a) Case 1 (t = 5.040 sec) (b) Case 2 (t=3.766 sec)

gives the worst damage profile.
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DAMAGET

(Avg: 75%)
+6.515e-01
+7.606e-01
+7.096e-01
+6.386e-01
+5.677e-01
+4.967e-01
+4.258e-01
+3.548e-01
+2.635e-01
+2.129-01
+1.419-01
+7.096e-02
+0.000e+00

(c) Case 3 (t=3.913 sec)

DAMAGET

(Avg: 75%)
+8.234e-01
+7.548e-01
+6.862e-01
+6.176e-01
+5.45%-01
+4.603e-01
+4.117e-01
+3.431le-01
+2.745e-01
+2.05%-01
+1.372e-01
+6.862e-02

+0.000e+00

DAMAGET

(Awg: 75%)
+8.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4,988e-01
+4.275e-01
+3.562e-01
+2.650e-01
+2.1358e-01
+1.425e-01
+7.125e-02
+0.000e+00

(d) Case 4 (t = 3.952 sec)

Fig. 6 First crack (Fc)

(a) Case 1 (t = 5.840 sec)

DAMAGET

(Avg: 75%)
+&.550e-01
+7.837e-01
+7.125e-01
+6.41353e-01
+5.700e-01
+4.985e-01
+4.275e-01
+3.562e-01
+2.550e-01
+2.135e-01
+1.425e-01
+7.125e-02
+0.000e+00

(b) Case 2 (t=4.96 sec)
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DAMAGET
(Avg: 75%) DAMAGET
+8.550e-01 (Avg: 75%)
irasTe +8.550e-01
+7. a- &
+6.413e-01 i;-?gge 01
+5,700e-01 125e-01
+4.988e-01 +6.413e-01
+4,275e-01 +5.700e-01
+3.5622-01 +4.988e-01
+2.5508- -
TLbae-0L +4.275e-01
Yo38 +3.562e-01
a25e-01
+7.125e-02 +2.850e-01
+0.000e+00 +2.138e-01
+1.425e-01
+7.125e-02
+0.000e+00
(c) Case 3 (t = 3.981 sec) (d) Case 4 (t = 4.067 sec)

Fig. 7 Second crack (Sc)
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DCAMAGET

(Awg: 75%)
+&.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4,988e-01
+4.275e-01
+3.562e-01
+2.650e-01
+2.,138e-01
+1.425e-01
+7.125e-02
+0.000e+00

(a) Case 1 (t=7.757 sec)

DAMAGET

(Avg: 75%)
+8.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.955e-01
+4.275e-01
+3.562e-01
+2.850e-01
+2.138e-01
+1.425e-01
+7.125e-02
+0.000e+00

DAMAGET

(Avg: 75%)
+&.550e-01
+7.637e-01
+7.125e-01
+6413e-01
+5.700e-01
+4 9858e-01
+4.275e-01
+3.562e-01
+2.,850e-01
+2.138e-01
+1425e-01
+7.125e-02
+0.000e+400

(b) Case 2 (t =7.735 sec)

(c) Case 3 (t =7.953 sec)

DAMAGET

(Avg: 75%)
+5.550e-01
+7.837e-01
+7.125e-01
+6.4153e-01
+5.700e-01
+4.985e-01
+4.275e-01
+3.562e-01
+2.850e-01
+2.138e-01

+0.000e+00

(d) Case 4 (t = 5.897 sec)

Fig. 8 Maximum relative displacement toward downstream (Mdd)
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DAMAGET DAMAGET
(Avg: 75%) (Awg: 75%)
+8.550e-01 +5.550e-01
+7.8376-01 +7.8376-01
+711256-01 +7.1256-01
+6.413e-01 +6.413e-01
+5.700e-01 +5.700e-01
+4.9886-01 +4.3886-01
+4.2756-01 +4.2756-01
+3.5626-01 +3.5626-01
+&.650e-01 +2.650e-01
+2.138e-01 +2.138e-01
+1.475e-01 +14256-01
+7.1256-02 +7.1256-02
+0.000e+00 +0.000e+00
(a) Case 1 (t =7.5984 sec) (b) Case 2 (t =7.574 sec)
DAMAGET
(Avg: 75%)
+5.550e-01
+7537e-01
+7.125e-01 DAMAGET
+6.413e-01 (avg: 75%)
+5.700e-01 .
+4.3880-01 183re0r
+4.275e-01 +7.1256-01
+3.562e-01 +6.413a-01
+2.850e-01 +5.7008-01
+2.138e-01 +4.058a-01
+1425e-01 +4.2756-01
+7125e-02 +3.562a-01
+0.000e+00 +2.5508-01
+21138e-01
+1.4256-01
+7.1256-02
+0.000e+00
(c) Case 3 (t =7.56 sec) (d) Case 4 (t = 6.25 sec)

Fig. 9 Maximum relative displacement toward upstream (Mdu)
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DAMAGET

(Avg: 75%)
+8.550e-01
+7.637e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.955e-01
+4.275e-01
+3.562e-01
+2.550e-01
+2.138e-01
+1425e-01
+7.125e-02
+0.000e+00

DAMAGET

(Avg: 75%)
+5.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.988e-01
+4.275e-01
+3.562e-01
+2.850e-01
+2.138e-01
+1.425e-01
+7.125e-02
+0.000e+00

DAMAGET

(Avg: 75%)
+5.550e-01
+7.637e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.955e-01
+4,275e-01
+3.562e-01
+2.850e-01
+2.1358e-01
+1.425e-01
+7.125e-02
+0.000e+00

DAMAGET

(Avg: 75%)
+8.550e-01
+7.837e-01
+7.125e-01
+6.413e-01
+5.700e-01
+4.958e-01
+4.,275e-01
+3.562e-01
+2,850e-01
+2.136e-01
+1425e-01
+7.125e-02
+0.000e+00
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Fig. 10 Crack at the end of time (t = 30 sec)

4.3 Discussion

In general, 2D and 3D problems have some differences and similarities. Time points Fc and
Sc of 3D models occur relatively sooner than 2D model and 3D models subject more severe damage
than 2D model. Although the crack evolutions are different among the cases, the crack positions in the
neck and heel of dam are similar for all cases. Previous researches on 2D analysis of typical section of

concrete gravity dam under strong ground motion also show similar results about two crack positions.

Casel and case 2 are two typical of relatively 2D and 3D model with a little different
meshing model. Relative displacements, Time points Mdd and Mdu, crack evolution at the heel part of
dam are similar for two cases , however, First crack of case 2 appear in 3.76 seconds at the neck sooner
than case 1 in 5.040 seconds at the heel. The crack at neck of dam in case 2 is deeper and goes straight

into dam body

Casel and case 4 are two basic models. Case 4 is complicated 3D model of spillway section,
while case 1 is a simplified 2D one. The behaviors of them are completely different from relative
displacements to crack evolution. First crack of case 4 occur in 3.952 seconds at the neck while case 1
occur in 5.040 seconds at the hell. Especially, case 4 show the worst damage at the neck of dam while in
the heel cracks are nearly the same. The reason may be the open for spillway sections weaken the neck

part of dam and only case 4 can simulate this complex geometry

5. Conclusion

2D and 3D nonlinear seismic analysis of a proposed concrete dam has been performed using
the ABAQUS and the concrete damaged plasticity model. In order to compare 2D and 3D analyses, four

different cases of the spillway section of the proposed dam were considered.
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The following conclusions can be drawn:

(1) Geometry has significant effect on the analysis result. To obtain a reasonable analysis result for

complex problems, simplified model is not enough. There is more damage at the week position when

analysis with 3D model than with 2D model

(2) From analysis results, although there are different geometries, the resulting damage distributions are

similar for all cases. Two points must be considered are the neck and the heel parts of dam. These

points must be reinforce strong enough to confront with strong seismic force.
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Nghién ciru anh huwéng dong do thi cong dao hAm metro dén dd lin cong trinh
xung quanh co6 xét dén sw khong chac chan ve so liéu.

Duwong Hong Tham'

Khoa Xay dung va Dién truong PH Mo TpHCM, Email: tham.duong@oude.edu.vn

Nguyén Ping Khoa
Khoa Xdy dwng va Dién trivong PH M& TpHCM, Email: khoa.nquyen@oude.edu.vn

Tém tit. Bai bdo nay nghién ciru dnh hwéng dong do may dao ham TBM dén d¢ hin cong trinh xung quanh
tuyén Metro Sai gon — Sudi Tién c6 xét swe khong chdc chdn vé sé liéu Pia kyf thudt. Mé phéng Plaxis 2D, mé
hinh Mohr Coulomb va phdn tich @ lin do rung déng dwoc dp dung trén sé liéu thuc cia dia chat khu viec
quan 1 T pHCM M6t s6 két qua phan tich buée dau phan nao cung cdp div liéu cho viéc danh gid dé tin cdy
ciia ban thiét ké xdy dung Metro hién hanh. Bai bao ky vong dong gop cho viéc xem xét bién phap thi cong
kha thi nham giam thiéu hw héng cho cdc nha cira xung quanh tuyén ham ciia dir dn nay.

Tir khéa: Anh hudng dong — Su khdng chic chdn — Hé s6 bién thién CoV — Chi s8 d6 tin cay

Abstract: This article aims at studying the dynamic effects due to TBM tunneling on settlement of buildings in
Saigon- SuoiTien Metro’s vicinity withstanding uncertainty of geotechnical and dynamic parameters. Plaxis 2D
modeling using Mohr Coulomb criteria of failure mechanism was used with referring to real data of soil boreholes
collected along the tunnel line. Some preliminary results of analysis have partially provided data collection for
evaluation on reliability of the existing design of Metro construction. The paper expects to contribute to a
reasonable and feasible solution of construction which mitigates damages to buildings around tunnel lines of this
project.

Keyword: Dynamic effects — Uncertainty — Coefficient of variation CoV — Reliability index j

1. Pt van dé

Xay dung céng trinh ngdm luén chira dwng nhiéu khé khan trong tinh todan, thiét ké va thi
cong. Cé thé thay nguyén nhan nam & cho, trong khi tuyén céng trinh di qua nhiéu khu vuc
khdc nhau, dién thi cdng chay dai theo tuyén cd tinh lién tuc, thi trudc tién, cong tac khdo sat va
kiém nghiém lai c6 tinh rdi rac, gidn doan (thi du nhu 13 khodng cach hé khoan, chiéu sau I3y
mau 2m moét mau, quy wéc khodng cach cac thir nghiém dia kj thuat nhuv xuyén dong SPT,
xuyén tinh CPT...) gan nhu |3 theo quy dinh ¢& dinh, 13p di lap lai; the hai, vé dia hinh dia mao,
th& ndm céc I6p dat da lai khac nhau, khong nhitng 4p lwc cla cac I&p pht mat do céng trinh
xung quanh gay ap lyc 1&n tuyén lai khac nhau, dan dén két qua cac s6 liéu dia chat thi nghiém
_vdn ¢ tinh khéng nhat quén_ nay lai cang phan tan khac nhau; va sau cting, mot yéu té chi
phdi khac d6 13 tw duy clia ngudi quan ly thi cdng (néi chung la nhitng yéu t6 thudc vé con
nguoi).

C6 thé goi nhirng khiém khuyét néu trén_ ngau nhién hay do thiéu kién thirc_ 1a nhitng yéu
t& khong chac chan. Ly thuyét tinh todn theo Do tin cdy_méc du chi dwoc hiéu mot cach khai
quat bdi da s6 ki sw_ d3a gilp tinh todn cadc anh hudng t6 hop clia nhitng van dé khong chic

1 Téc gia lién hé, nghién ctru chinh
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chan d6, don gidn chi gdbm cac s8 liéu thuc hanh thong thudng dat yéu cau ky thuat (Christian
et al., 1994; Tang et al., 1999). Pac biét hé s6 an toan cho cac bai todn Dia k{ thuat duogc két
hop cung ly thuyét d6 tin cdy, dwa trén nén xac suat (Michael Duncan, 2000). Gan day, trong
mot s& nghién clru trong nudc, khd nhiéu mé hinh todn duoc 1ap, dé do dac du bdo hu hong
nhat 13 bai todn dao ham (N.Q. Phich, 2005, 2008), cling nhuw dénh gia anh huwdng cla sy phan
tan cha dat |én bién phdp gidam thiéu tai bién dia chat trong xdy dung cong trinh ngam
(Maximilan Huber, 2013). Cac nghién ctru vé anh huéng cla sy khéng chac chan vé dit liéu
(duoc sir dung trong thiét ké va thi cdng) dén dd tin cdy cla céc ban thiét ké hoac thi céng déu
nam & hai d6i tuwong chinh, dé 1a tinh chdt cia dét xdy dwng va mé hinh tinh todn (Phoon, 2005

[1])

Hién nay, cac du an xay dung ngam ddi dién trwdc van dé cé gay anh hudng nang né hay khéng
dén cong trinh xung quanh (CTXQ), nhat 13 khi qua trinh dao kin bang TBM trong khu vic rat
nhiéu cong trinh hién hitu cda Thanh phd. Pia chat khu vuc xdy dung tuyén ham trai qua nhiéu
khu vue, do vay chira dwng nhitng van dé khong chac chan trong phan bd dia ting va nhitng
van dé lién quan dén tinh phan tan cha so liéu dia chat. Chua can dé cap dén tai trong gy rung
dong lan truyén qua dat va gy ra nhitng hé qua phirc tap cho cdng trinh xung quanh, bai toan
danh gia tinh tin cdy cta do an thiét k& (vé 8n dinh va bién dang) thu hit méi quan tdm khéng
nho, cung cdp mot céi nhin khac cho gidi ki thuat khi thiét ké va thi cong cdng trinh ngam trai
dai theo tuyén.

Vay, cau hdi dat ra cho bai todn dao ham tuyén metro Sai gon — Sudi tién la: Liéu qud trinh thi
coéng (tai trong rung ddng do may mdc thi cdng dao ngdm gy ra) trai dai qua nhiéu khu vyc cé
gay ra do lun cho céng trinh xung quanh (CTXQ) khéng, nhat 1a khi tuyén di qua khu vye cé mét
dd xay chen day dic nhu tai quan 1, TPHCM va di qua nhitng noi cé dia chat thay déi phirc tap
nhu TpHCM ? Né&u cé, liéu cé mat do tin cdy cha do an thiét ké khdng ? Bai todn tinh xét anh
hwdng d6 nhu d3 duoc nghién clru rat nhiéu trudc do, nay bai toan lan truyén rung déng (anh
huwdng dong, dynamic effects) can dugc nghién ciru nhu thé nao dé dat dwoc yéu cau danh gia.
Lam sao dé danh gia dao déng da gy ra d6 lun cho cdng trinh xung quanh (CTXQ) nhu thé nao,
khi cac s6 liéu bién thién qua nhiéu khu vyc ?

Nghién ctru nay gidi quyét tudn ty cac van dé dat ra néu trén, cling la ly do tién hanh nghién
ctru.

2. Co s6 ly thuyét dung cho nghién ctru

2.1. Tong quan vé Iy thuyét dp tin cdy trong Pia kj thugt

Coi cac s6 liéu _ gdbm bién va tham s& cla bai todn 1a cac bién ngau nhién véi thudc tinh
khong chac chdn ma ta phai xem xét, thdm chi dinh lvgng ching (goi 1a lwgng héa su khong
chac chan).

Phuong phap xac suat ap dung trén 3 déi twong khong chic chan:

- Khoéng chac chan vé tai trong
- Khoéng chac chan vé dat nén
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- Khoéng chac chan vé phuong phap phan tich, giai bai toan;
Cac bai toan tinh toan dia ky thuat thuwong trai qua trang thai gidi han 1 vé cuong dé (chd yéu la tinh
toan kiém tra hé s& an toan 6n dinh t&ng thé hay ty s8 gilra strc chju chia cho tai trong) va trang thai gidi
han 2 vé bién dang (lun). Dodi khi, d6i v&i mot s6 loai dat nén, trang thai gidi han 2 chi phdi thiét k&, ch
khéng nhdt thiét phdi di tir trang thdi gidi han 1 r6i mdi dwoc xét trang thdi gidi han 2. Vi vay khao séat
dd tin cdy theo cwdng d6 va bién dang cé thé ti€n hanh déc 1ap, theo tiéu chi dinh trudec.

NG6i chung, bai todn dong luc 13 tdng quét hon bai toan dia k§ thuat tinh; dia k§ thuat chiu rung
déng cé thé nghién clru theo kidu a-tinh (pseudo static). Ngoai trir nhitng khéng chic chan
trong phuong phap x{r ly tin hiéu do ghi va phan tich (do phan mém, do trinh d6 tay nghé phan
tich tin hiéu s8, do han ché thiét bj d&i véi viéc khir nhiéu, loc 6n trong thiét bj ghi tin hiéu...) thi
bai todn dong thudng gia tang vé su khéng chac chan vé Mé duyn cat (khi (rng suat cat dao bién
Teyelic , thudng ¢ trong bai todn déng dat) va cdc théng s6 ddp trng cua nén dat (Gidm chan, Tan
s6, gia tdc van téc va dich chuyén). Do vay, budc dau nghién clru nay duoc gidi han lai, khéng
giai quyét su khdng chac chan vé x{ Iy tin hiéu va lan truyén sy khdng chac chan theo tién trinh
Xt ly; theo dé nhirng nguyén Iy vé lvong héa sy khéng chac chan Ia twong tu bai toan tinh, chi
b6 sung thém nhitng dai lwvgng ngiu nhién nhw M6 duyn cat (khi (ng suat cit dao bién); Cac
thong s& dap (ng (rng x&r) cla nén dat (Gidm chan, Tan s6, gia tc van téc va dich chuyén).

2.1.1. Tinh khéng chdc chdn vé dét nén
Mot céch tong quat theo Iy thuyét xdc suat bién ngau nhién, s phan tan khong déng nhat
cla dat cé thé duoc biéu thi qua 3 tri s6: gia tri trung binh p, d6 Iéch tiéu chuan o va hé sé bién
thién Ve (ky hiéu khac 1a COV, viét tat cla coefficient of variation). Y nghia cla tirng tri s6 nay
ddi vadi tinh chat co ly cda dat la nhu sau:

- Tri trung binh ndi |&n tri s6 binh quan
- Do léch tiéu chuan cho ta hinh dung duoc sy rai rac quanh trj trung binh
- Hé s6 bién thién (COV) chudn hda sy thay déi, lam cho sy thay d6i tinh chat cla cac do
l&n trung binh khac nhau 13 so sanh dwoc dé dang véi nhau.
Déi vdi bai todn cwdng dé
Trong cac bai todn cudng dd, phan tich do tin cdy dp dung cho d6i twong |1a hé sd an toan
6n dinh (Micheal Duncan, 2000 [2] )

Hé sd d6 tin ciy B va xac suat pha hoai Ps theo hé s& phan tan cla cic théng s6 nhw dung
trong, M6 duyn dan hoi, hé s6 dp luwc ngang Ko hodc ¢’ hay ¢’ (hodc thdng sb co ly clia dat nao
do)

Déi vdi bai todn bién dang

Né&u trong bai toan cudng do, sw khdng chac chan cla thong tin vé tinh chat co ly cha dat
c6 thé biéu thij chi s6 d6 tin cay theo Hé s6 bién thién COV cho tirng dai lvgng lién quan nhu:
M6 duyn dan hoi E, dung trong Y, hé s8 poat-xdng u, hé sé K, (tat ca tinh chat vira ké déu twong
quan mat thiét va&i ¢ va phi), thi trong bai todn bién dang, tinh khdng chac chan nam & M6 duyn
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nén E, dung trong Y, Hé s& c6 két Cy, hé s6 nén a, va dp luc nén trudce pe (dp luc tién cé két la ap
lwe lén nhat trong sudt lich st rng suat ciia mau).

Da8i vdi bai todn d6 1Un co s& (d6 lun cd két), cdc tham s6 can duwoc tinh todn hé sé bién
thién COV, do la:

Dung trong hitu hiéu

Ap luc nén trudc pe (hodc ty s6 nén trwdc OCR);

- Chisé nén Ccva nén lai C;

Hé s co két thang dirng Cv

DO vi chénh 1Un cling dwoc khao sat théng qua viéc xay dwng ham trang thai gidi han

(a) = Olultimate — Q.
trong d6 a la géc nghiéng cla méng (thuwdng xem la gdc nghiéng cla nha), cd tri s6 Autimate 1a
1/500 cho dén 1/1000 tuy theo loai cdng trinh; a tinh tir phuong phap Phan t& hitu han ngau
nhién.
Thi du, néu goi S1 1a dd 1Gn ciia méng 1 va Sz la d6 1Gn cba cia méng 2. Vi chénh d6 lun (Lun léch
duoc ky hiéu la D, tirc la D=S1 - S.

Tri trung binh pp= ps1- ps2 va DO 18ch tiéu chuan la op =40 + 02,

Xac suat xay ra d6 chénh léch lGn khéng chap nhan dugc (vuot qua mot tri s6 cho phép
chang han nhu kh&ng ché [a 2 cm) duoc viét nhu sau:

2 —trungbinh )] (1)

Op

P[|D| > 2cm] = P[D > 2cm] + P[D < —2cm] = 2[1— d(

Ham ¢ duoc Iap s3n thanh bang [3], ta tinh dwoc P[|D| > 2] tir d6 1&n cla xac suit xdy ra pha
hoai, cang nho hon 1 thi cang to ra an toan.
2.1.2 Khéng chdc chdn vé tdi trong

Ngoai strc chiu cla vat liéu ndi chung R, tai trong Q phai dwgc xem xét.

Ham trang thai gidi han (limit state function) dugc ky hiéu 1a ham G, duwoc dinh nghia tong
guat theo Baecher va Christian, 2003 [3])

G(X) = R(X) — Q(X)
thi chi s6 d6 tin cy 8 duoc xac dinh nhu sau [3]:

Ar (& +1FS
L 2 2 2
L[St [(L+cov23) /(L +cov2y, + covd, ]

2 Qo + A 2)

“ o,
\/Ln(l+ cov) /(1+covl, +covd

ﬁ: L
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trong dé chi s6 D chi tinh tai (dead load) va L chi vé hoat tai (Live load); covA |a hé s6 bién thién
khi xem A 13 bi€n ngau nhién. Con A« chi gia trj trung binh cla X.

Ham trang thai gidi han vé bién dang [4]:

g(s) =Sgn —$ (3)

Phuwong phdp chi s6 dé tin cdy 8 cho bai todn téng qudt (cwdng dé va bién dang)

Chi sé dé tin cdy B tang, thi xac suat xdy ra sy cd hw hdng P (D) gidm xudng, va nguoc lai. Nhu
vay, trong mét y nghia nhat dinh nao d4, thi B dong vai trd nhw mot hé sé an toan (Tang Wilson,
Hon. C, 1997 [6]).

Xac suat pha hoai (ttrc xac suat xay ra tai trong vugt qua sirc chiju) duoc tinh todn tur:

e Chi s6 d6 tin cdy B ndi Ién khodng cach t&i thiéu (trén dd thj phan phdi theo kiéu
lognormal) gitra diém gia tri trung binh va mat trang thai gidi han, tinh theo don vi cla
dd léch tiéu chuan (Low B.K., 2003 [7]). Khoang cdch nay cang I&n, cang an toan, xac
suat pha hoai cang nhd.
e Ham M4t do xac suat ((viét tat |1a PDF, probability density function) d3 dwoc l1ap thanh
bang)
Khi chi sé tin cdy B cang cao, xac sudt pha hoai cang nhé. Néu goi xac suat pha hoai la P thi ta
cé:

p=0(P) @)

Khi gdp van dé khong chic chan tir cac s6 liéu ngau nhién gdm _ bién va tham s6, da bién_, dé
dat dwoc an toan, ngudi ta phai cuc dai héa chi sé tin cdy B hodc t6i thi€u hda ham mat dé xéac
suat pha hoai. N6i khac di, xac suat pha hoai I&n nhat thi nguy co pha hoai la cao nhat. Chi s
tin cay B dudi 2,5 (tirc xac sudt pha hoai Ién hon 0,6%) dugc xem nhu khéng ddm bao an toan
(chiéu theo thang danh gid cla Hiép hdi Ky su Hoa ky USA Corps of Engineers, [6]).

2.2 Bai todan dong lyc dia ky thudt

2.2.1 Mét 56 van dé khong chdc chdn trong Pong lyc dia ky thudt
Khi d6i dién véi mot bai todn khdng chic chan dong hoc dia ky thuat (soil dynamics), mot
cach téng quat, cdng cu thdng ké gidng nhu bai todn tinh (Huber, 2003 [4]) nhung cén xem xét
thém:
Ngudn géc cua su khéng chdc chdn trong mé phdng
Tong quat, dién bién cac budc sau day déu cé suw khong chdc chan (K.F Alvin va cac cong su,
IMAC XVI Conference ndm 1998):

- Phdc thdo so dé tinh dé nhap dugc vao man hinh vi tinh (s dung phdn mém). Viéc nay
chita dywng nhitng nguyén nhan khdng chac chan thi du nhu s dung md hinh con, ciu
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tric con, khéng hidu rd ban chat (thi€u hiéu biét cin k&) va nd luc mé phdng bat thanh
(bi bd qua 1 cach ngdu nhién hay cd y).

Viét cdc phuong trinh, dya vao viéc van dung cdc nguyén ly dinh luat (dwa vao dé dé
phat trién mé hinh todn hoc). Van dung qué don gian sé bd qua ban chat vén cé clha su
kién. Todn von chat, nhung khi dp vao bai toan roi rac, sé chira dwng nhiéu diéu khdng
chac chan vé s6 hoc (sai s6, bién hinh hoc...)

Xdc 1ap diéu kién bién hay diéu kién ban ddau (initial condition).

Gidi bai todn: sai s6 trong mirc dd rdi rac, trong s6 lan khai bdo s6 luvgng budc trung
gian dé gidi, phan mém bé khda khdng mé phdng 1 s6 tinh nang day du.

Dién djch két qud, lwa chon két qua ma minh rat ra dé dua vao tinh todn nhitng budc ké
tiép

Khéng chdc chdn vé Phuong phdp luén nghién ctru

Mot trong nhitng khdng chac chdn thdng thudng |a bai todn 2D hodc 3D; nghia Ia ta
thuong tu hoi, mo hinh 3D ¢d chinh xadc hon mé hinh 2D khdng, nhat 1a khi giai bai toan dong.

Cdc tham s6 cua bai todn lan truyén déng

Dai vdi bai todn danh gid d6 lun CTXQ khi thi cdng tuyén ham, cac tham s can duwoc tinh
toan hé sé bién thién COV, dd la:

Tén so:

Céc bai toan dia ky thuat déu thudc tan sé vira (trong pham vi vai Hz dén 20Hz): thay déi
tang hodc gidm theo khoang cach tinh tir nguén gy ra dao dong (Barkan, 1962; Richart
et al., 1970; Attewell and Farmer, 1973; Svinkin, 1976a; Mallard and Bastow, 1979;
Woods and Jedele, 1985; Mayne, 1985). Theo phan vung nghién clru, bai todan dao ham
s& gy ra tan s rung dong cho cédc CTXQ thudc tan sé thap dén vira, gidng nhu déng dat
nhe.

Dic biét, mot lwu y 13 tan s6 dao dong lan truyén theo cac hudng khac nhau 1a khac
nhau (Hammond, 1959), (Svinkin, 1993).

Khéi lwgng (88t ngau nhién) va khéi deo theo (added mass, random mass tinh bang %

cta khdi lwvgng téng thi con s& % nay thuwong khdng cé can cl rd rét)

dat.

Bién do dao ddng: dirng va ngang, hé sd tat bién d6 dao dong phu thudc tinh chat cla

Gia t8¢/Van toc lan truyén séng doc, sdng cat va séng bé mat (Theo Plaxis thi van téc

séng doc va cat dwoc tinh tir tinh chat cia dat mot cach mac nhién, cho nén thuwong chi y séng
bé mat R-wave ma thdi)

Cac théng s6 dong luc hoc dat

Gidm chan

Chuyén dich

M6 duyn cat (khi &ng suat tiép dao bién)
M duyn nén (khi &rng suat phap dao bién)

o O O O
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Nhu d3 néu bén trén, trong nghién cru nay, tam thdi bo qua cac yéu té khdng chac chan vé x{r
ly tin hiéu, gidi thuat phan tich phé &rng xt va vé sy lan truyén khong chac chan qua cac buéc
Xt ly tin hiéu.

2.2.2 Thé thire gidi bai toan lwong hoa sy khong chdc chan trong bai todn dia ky thudt
rung dong (ap vao doi twong tuyén Metro)

Thé thirc nghién clru dd tin cdy trong bai todn dao ham s& qua 4 budc:

; 2. Tinh trén mo hinh FEM
(a) A Pinh vj vao mb hinh
1.Tap cac
trwong bién : e}

E  Hinh1:
= Thé
- thuc
£ nghién
- coudo
tin cay,
bai toan
dao
g ham [4]
B &
2 > .
s = Mo
7
=5 hinh:
o Y
<> Bién
. dang
/ g phang
g | Hz - _ )
Py 1 - =0, 0 (2D) sir
4. Tinh xac sudt hu hdng 3. Banh gia tng xtr cua hé thong dung
mo hinh

Mohr Coulomb bai todn cuong do

Khéng xét qua trinh phat sinh do lun khi metro di vao khai thac sl dung.

Thiét k€ hién hanh (do Nha thdu Cty Shimizu Meida Joint Cooperation; tuw vdn NJPT Assocation Nhat ban)
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c) Maét bang thiét k& chong vach theo chiéu ngang; d) Binh d6 chéng vach [5]

Dia chat tiéu biéu dugc duwa vé 4 1dp chinh:

hnical pr i
Mo, |Layer | Depth{m) | Thickness(m) | N-Value | {kN/m3 )| C{kN/m2 )| & (deqree)
| Fn -0 as i 180 0.0 8.0
@ | a2 -2 L7 1 160 140 0.0
3| # -165 138 & 185 0.0 30
@ | a2 -335 170 i3 195 0.0 3.0
& | b -48.1 156 43 20 2200 0.0
& | bs - - M1 20 0.0 3.0

ot | o w
© i e) b
il i ia chat
f)
. i Ghi chu:
' Lép 3va4,
e E [6p5va6
déu duoc
® ] hgp nhat
®
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Hinh 2: Ban v& thiét ké& bién phap thi cédng chi ra cac kich thudc va sé liéu dia chat dung lam can c tién
hanh m6 phdng; a) b) Mt cat thi cong topdown; c) Mt bing chéng vach; d) Chi tiét cay chong; e) Théng
ké dia chat; f) mat cat dia chat hd dao (theo [5)]

Cdc théng sé dwore st¥ dung trong phén tich (c6 gach dwdi)

e Djachat
o Chiéu day I&p déat: trdi doc theo tuyén phan dao ngdm di qua cac quan
* Quan 1: Twong dai bac H6
= Quan 3:Tao dan
= Quan 1: Bason
* Quan Binh Thanh: dia chat tai dwdng Ung van Khiém
= Quan 2: Hai Nam

Hinh 3: Tuy&n cé mot phan di ngam (dao bang TBM) duoc nghién ciru

o Théng sé tinh chiu nén cha dat: Hé s6 nén, Ti s6 qua cd két, hé s& thadm khi bom ha MNN
o Théng sé déng luc:
* Giam chan
*  Mb duyn cit
= MO duyn nén
*  Van t&c truyén sdng Vps) =sqrt [md duyn nén E (cit G)/mat dé p]
*  Khdilvgng riéng (mat dd) mién truyén séng
e MAat dé tai trong bé mat thay déi vi quy mé cla cong trinh xung quanh khi tuyén di qua cac khu
dan cu
e Tan sé trung binh dén thap (dén 10Hz)

Bang 1. Cac thong s dia chét cong trinh (sd liéu thuc)

L " Hé s8 Hé s&
Vi tri Chiéu Dung T, T, C (o) 1) Eref 0] €o N
Y tham tham
day lép trong
bdo ke K,
hoa
Quéan 1 Nha 2.7 174 | 1.3e5 | 0.65e-5 | 15 8 0 3319 | 02 | 1.31 5
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Hat 5 20.4 1.7e-5 | 0.8e-5 24 14 7406 | 0.25 | 0.63 7-8
B&n Thanh
25 20.6 2.6e-5 | 1.2e-5 10 24 8705 0.2 | 0.59 9-28
5 21 3.4e-6 | 1.7e-6 61 17 8158 0.2 | 0.58 | 25-36
Quan 1 3 17 1.3e-5 | 0.65¢-5 | 14 0 3319 | 02 | 131 1
ngay Opera
House 14 195 | 1.7e-5 | 08e-5 | 0 31 7406 | 025 | 063 6
(theo [4])
33.5 195 | 2.6e-5 | 1.2e-5 0 31 8705 | 0.2 | 0.59 13
15.6 21 34e-6 | 1.7e6 | 220 8158 | 0.2 | 058 43
Vi tri Chigu | Dung | "eS0 | Heso | ¢ b Eer | U e, | Chisé
. s tham tham
day lép trong SPT
bdo ke Kk,
hoa
Khu vuc 23 15 1.0e-5 | 5.0e-6 15 5 1500 | 0.2 2.7 2
BaSon ~
khu vurc 7 21 1.4e-5 | 0.7e-5 | 17 | 18.7 7520 | 0.3 | 0564 | 14
dudng Ung
vankhiém | 195 20 le-6 | 0.5e6| 9 30 7470 | 0.3 | 0.62 | 19-44
25 21 0.5e-6 | 0.25e- 6 29 10500 | 0.25 | 0.525 | 41-51
6
Khu virc 9 19.5 1e-5 | 0.5e-5 | 18 11 6420 | 0.25 | 0.78 15
Hai Nam
6 20 0.8e-5 | 0.4e-5 | 43 17 1280 | 0.3 | 0.4 20
0
16 21 0.8¢-6 | 0.5e-6 | 18 20 7000 | 0.2 | 05 | 21-41
20 21 le-6 | 0.5e-6 | 31.4 | 16 9100 | 0.25 | 0.76 | 33-55
Khu vuc 8 19 le-5 | 0.5e-5 | 10 16 3000 | 0.2 | 06 10
Sudi tién
23 21 3e4 | 17e4 | 50 14 10050 | 03 | 05 16
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41.3 20.5 1.0e-5 0.5e-5 18 30 0 8000 0.25 0.58 22-45

10 20 le-7 0.5e-7 70 18 0 13820 0.3 0.69 33-55

Cdc giai doan thi cong diung trong mé hinh phén tich

Trinh ty thi cdng theo giai doan dwoc du kién nhu sau (xem mat dat cao d6 0):

Giai doan 1: Cong trinh hién hitru dugc mo phong (2 plates duoc kich hoat activated)
Giai doan 2: Dao bang gau ngoam thi cong twdng vay (kich hoat twdng vay)

Giai doan 3: Pao I&p 3,5m, thiét IGp Hé chéng shoring: Thi cong 4 Coc khoan nhéi ®1500
cach khodng 1.5m chia tim doc tuyén, chia tim 1.8m ngang tuyén; tir d6 sau -44.0 mét
lén dén -30.4 mét, cot kingpost tiét dién 2H-400x400x13x21. M6 phdng thay thé cay
chéng tron duong kinh 1 mét.

Giai doan 4: Dao xudng dén -4.5 (dudi san 1 13 1 mét), trién khai thi cong tdm 1 day
800mm

Giai doan 5: Dao xudng dén -9.0, trién khai d6 san 2 day 500mm

Giai doan 6: Dao xuéng -13.6, chdng tang chéng thép thir 1, tiét dién H-414x405x18x28
cach khodng 5.5m tim tim theo huwdng nam ngang

Giai doan 7: Dao dat xudng -17.6 thi cdng d6 bé tdng san 4

Giai doan 8: DPao xuéng cao dd -19.2, chéng tang chéng thép th& 2, tiét dién H-
414x405x18x28 cach khoang 5.5m tim tim theo huéng ndm ngang

Giai doan 9: Pao xudng cao d6 -22.3, d6 bé téng san 6 day 600mm

Giai doan 10: Pao xuéng cao dd -24.9, chéng tang chdng thép thk 3, tiét dién H-
414x405x18x28 cach khoang 5.5m tim tim theo huéng ndm ngang

Giai doan 11: Dao xudng dén cao do - 28 (tirc cao d6 ddy hé mong), chéng tang chéng
thir 4 (tlrc tAng chéng 8 ké ca san bé tong),

Giai doan 12: d6 bé tong bit day chiéu day 2.6 mét,

Giai doan 13: Sau khi d6 bé téng day 2,6m, may dao TBM hoat déng dé khoan

Giai doan 14: Dao dat trong hdm — Rat nwdc lam khé bén trong ham

3. Két qua nghién ctru

3.1. M6 hinh Plaxis 2D va mét so thong so ciia so do tin

Mo hinh nghién cttu bai todn phang trong dé |&i gidi két hop dao theo giai doan, phan tich déo va dong

lwe hoc (khi dao bang may dao TBM). Theo thong tin dwoc cong bd trén phuong tién truyén thong dai

ching, dao TBM & d6 sau 40 mét. Khi dao theo giai doan thi cdng top-down, md hinh van tuan thd quy

trinh: chéng réi dao tiép tir trén xuéng dudi (d6 bétdng tdm san hdm theo thi ty tir trén xudng) va theo

tirng 1&p day khdng qud 5m. Mdi giai doan dao, nwdc duwoc bom khé hd dao, do vay sir dung tinh ning

cluster dry trong menu tinh ap luvc myc nuwdc mat; Moi lép dwoc dao xudng sau khi thiét 1ap cay chéng

(update giai doan khi chay Plaxis) va chi dén giai doan dao ham (stage 12 tr& di_cé sy hién hitu cla vo

ham va thi cdng dén stage 14) thi méi phan tich ddng lwc hoc.
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Dé don gidan cho md hinh tinh todn, gidm bt co ciu phirc tap khdng can thiét cho hé théng, cay chéng
thuc té trong ban thiét ké bién phap thi cong top-down (sir dung 2H-400x400x13x21) dwoc quy vé 1 cay
chdng tron ®1000 (t =50mm) theo tiéu chi twong duong vé tai trong gidi han Peyer . Dudng kinh 1m d3
xét t&i mot hé sd an toan 2 dé€ du phong sy suy giam do cing khi tai s&r dung vat liéu.

M43y dao TBM cé thira sé tai diéu hoa tinh theo gido su Fortieva (Bulycev, 1988)

1
prn = _'Kcy'VP 'To (5)

27
Trong d6 Kc hé s& chan dong 18y cwong d6 bang 1/500 cla dong dat cap 7 (=0.002); y 1a trong lwong
riéng trung binh cla dat (=20kN/m?3); T, la chu ky dao déng cla rung déng mat dat (= 0,1sec); V, la van
t8c séng doc (= 750m/s, térc VE/p). Phan tich dong luc nén dat cé s8 liéu nhap vao nhu bang sau:

Dynamic loading - Load System B &J

{* Harmonic load multiplier

Amplitude multiplier 2.0000 =
Frequency 100000 =1 Hz
Initial phase angle 0,0000 4le

™ Load multiplier from data file

i

k

Connectivties

Hinh 4: Hdm dao TBM tai dé sau 40 mét so véi mat dat, phan tich déng luc

Tan s6: LAy theo kinh nghiém bai todn dong luwc hoc nén dat: cudi dai tan s& thap va bat dau dai tan s6
trung binh, tir 1 dén 10 Hz.
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Gidm chan: L4y dat yéu gan nhu b3o hoa nudc, giam chan rat it (khoang < 10% )

DE xét sy khdng chic chan clia qua trinh dao theo giai doan, s6 lwong giai doan dugc cd v khac nhau (cé
thé do noi dé dao, noi khé dao...) thi du, cé doan 14 giai doan nhu (Metro151a 1), cé doan dao chi 12
giai doan (Metro151a2)

K&t qua tlr md hinh dao ham chju rung déng do TBM, tai mit ct ngay vi tri quan 1 dwoc ghi ra nhu hinh
duéi day:

Im]

0.000

-0.040

-0.080

Hinh 5: khu vyc tugng dai Quan 1 (phan tich dong luc tir giai doan 12 dén 14, file Metro151a1)

Trén hinh 5, ta thdy & vi tri hdm khu Q1, dia chat twong déi thuan loi, ngoai trir 2,5m bé méat cé hé s6
rong eo=1,308 cho thay kha ndng lin nhiéu, va I&p dat 2 (chi day 5m) cé hé sb rong t6i da e, = 0,627 va
SPT = 7-8, cac |&p dat cho thay ldn it.

Tai doan ham qua vung dia chat khu An Khanh Q.2 (chiéu day |&p dat yéu dén 30m)

chuyén vi 2-4cm

i ﬁ[f/ &Hinh 6: Phéan tich tinh hoc mé hinh (Metro151a4) chi

rarang Do l4n tir 2 — 4cm

4 Hinh 7: Phdn tich dbéng lwc hoc mo hinh
(Metro151a5) chi ra rang d6 lun gia ting dén 8 dén

12cm (xap xi 4 [an)
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Chuyén vi lin mdng tang hon
khi c6 rung déng do dao ham
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Hinh 8: Phan tich déng lwc hoc khu vire Ung Van Khiém (mé phdng Ba Son)
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Md hinh chi cé 1 phia tudng vay nhu hinh dudi day cho thay vai trd quan trong cla tudng vay trong viéc

gitr 8n dinh cdng trinh xung quanh:

7

/

yi
/

[—

O

PAat trugt sat vao hd dao theo
mat truot rat dién hinh

Chuyén vi ltn méng CTXQ khi
cé rung dong do dao ham 13 2
dén 4cm

Hinh 9: Giai bai todn dao hdm mdt phia cé twdng vay.

3.2. Cic yéu to khong chiic chén sir dung lam bién ngdu nhién

C6 13 bién ngau nhién chon dua s6 liéu vao phan tich dé la:

- Chiéu day |&p dat (n6i chung |3 yéu) tir cao dd ham tré 1én;

- S8 SPT va theo d6 la M6 duyn nén Eqeq

- Do bény,c, d’ va hé sé ap lwc ngang trang thai nghi K,

- M6 duyn bién dang va Hé sé rdng (E, eo)

- Quy md cdng trinh xung quanh: thé hién 13 16 gidi so vdi tim tuyén ham

- Tan sé rung déng mdy dao TBM

- Chéat lvgng thi cong tudng vay: thé hién bang vat liéu ham

- SO lugng tang chéng va quy trinh chdng

Im]

0.100
I 0.080
1 0.020

—-0.020

Mot chuong trinh bang tinh trén 13 bién ngiu nhién trén (13 cdt) theo 5 mat cat dia chat (5 hang) 13 5
khu vic ma tuyén ham di qua (Bén Thanh Quén 1, Ba Son Ung Van Khiém Binh Thanh, H3i Nam, An
Khanh Q2, Sudi tién). Do khudn khé bai bdo khong dwoc phép qua dai, cho nén dudi day chi thé hién

bang tinh thi du dung 6 bién (chiéu day, dd bén, Md duyn, gidm chan va tan s6..) nhu sau:
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5 Chiéu day L N . . . A pe s«
Mau s6 ) o Do bén Mobduyn E Giam chan Tan so D6 lun CTXQ ty s6 SR
1&p dat yéu
1 10 5 15000 0.05 10 2.1 0.639593909
2 10 10 16000 0.09 10 2.5 0.76142132
3 10 12 17000 0.05 10 3.2 0.974619289
4 10 16 14000 0.03 10 1.4 0.426395939
5 10 20 11000 0.1 10 2.4 0.730964467
6 15 6 15000 0.02 9 3.1 0.944162437
7 15 13 19000 0.03 9 4.6 1.401015228
8 15 17 17000 0.05 9 7 2.131979695
9 15 26 12500 0.07 9 4.3 1.30964467
10 15 14 15500 0.11 9 2.2 0.670050761
11 20 3 8000 0.9 15 2.4 0.730964467
12 20 5 6000 0.03 15 2.8 0.852791878
13 20 7 10000 0.06 15 3.1 0.944162437
14 20 11 12450 0.12 15 1.1 0.335025381
15 20 13 14000 0.23 15 2.2 0.670050761
16 25 22 16000 0.33 5 1.3 0.395939086
17 25 24 21000 0.07 5 1.8 0.54822335
18 25 17 23000 0.12 5 7.5 2.284263959
19 25 10 12650 0.4 5 5.6 1.705583756
20 25 18 15000 0.05 5 6.7 2.040609137
21 30 6 12000 0.01 6 4 1.218274112
22 30 8 17000 0.005 6 2.2 0.670050761
23 30 10 9000 0.05 6 1.6 0.487309645
24 30 14 10500 0.04 6 3 0.913705584
25 30 12 11000 0.04 6 1.8 0.54822335
26 40 6 9000 0.02 14 2.7 0.822335025
27 40 6 8500 0.011 14 4.4 1.340101523
28 40 10 1300 0.05 14 2.7 0.822335025
29 40 16 4000 0.08 14 3.6 1.096446701
30 40 17 14560 0.03 14 5.2 1.583756345
Trung binh p 23.33333333 12.46666667 12898.66667 0.1082 9.833333333  3.283333333 1
Po léch chudn o 9.860132972 5.863635581 4681.312304 0.17148652 3.715582802 1.679103597 0.511402111
Hé s& bién d8i CoV  0.422577127  0.4703451 0.362929939  1.584903146 0.377855878  0.511402111
P& ra dd ltn gidi han a 8cm thi
X&c suat dé S>4cm 1aP(s>4cm) =  1-d((4-muy s)/1)=1-¢d(4-3.28)=1-(0.72) =1-0.7642 0.2358 (tirc 23,58%)

4. Ban luén trén cac két qua

- Nghién ctu dugc ti€n hanh trén céc s6 liéu dia chat thdong thudng chua da cho phén tich, nhat
13 théng s6 déng luc co hoc dat. Ngoai ra, luong dit liéu rat 16n.

- Khi cé twdng vay, chuyén vi dap ¢ng (d6 Iun) cia CTXQ nam trong gidi han cho phép (tr 2-4cm).
Khi qui mé céng trinh thay d6i, dé lGn nay cé thé khac.

- L&i gidi chdng véch 1 phia (tén file Metro151c5) chi 1a khdo sat anh hudng khi cé twdng vay lam
giam dd lun CTXQ. Diém tiét hop/lién két cdy chéng véi dat phia khong cé tuwdng vay 1a chua
chat ché&. Vi vay, két qua chi 1a tham khao. C6 thé khic phuc diém khong chit ché nay bang cach
ap dat lyc kich (preload) hodc don gian 1a neo nguoc.

- Cac mat cat dia chat cé tuyén ham dao ngam bang TBM di qua nhiéu khu vuc khac nhau, nhung
s8 lieu chi 18y & 5 tram. S8 lvgng mau kha khiém t8n so véi yéu cau phan tich xac suat dinh
huwdng do tin cay.

- Cac thdng s6 khong chac chdn phan thanh 13 bién ngiu nhién bao quat hau hét cac yéu t6 cla
bai todn. Tuy nhién, d6i véi bai todan dong, truy xudt tan s6 may dao, thira sé (s6 nhan _

Trang 141



Héi thao khoa hoc Khoa Xay ding va Pién lan V — 2014

multiplier) bién dd, gidm chan la nhitng théng sé chl yéu, do vay rat can cé thém nhirng nghién
ctru sau hon hodc twong quan vdi cac két qua da cong bd. Ngoai ra nhirng yéu t& khong chac
chan triru tuong (bién “mém”) nhu 1a: phuong phép trich tach ra thdng sé tin cdy cung cap cho
m6 hinh, huéng lan truyén song khéc nhau c6 tan s6 khac nhau...can dugc cing cé co s&@ khoa
hoc dé nang cao tinh chat ch& trong mé hinh nghién ctru nira.

- Ham dao kin tiét dién tron & do sau nhu phan tich chi | giad dinh dé nhdm dén trang bj cong cu
tinh todn cho nghién ctru (buéc 2 trong so d6 hinh 1).

- Nhiéu xa (diffraction) cla séng xuéng dudi do sau twdng vay roi di lén bé mat dat cé thé duoc
xem xét b6 sung.

- M6 hinh Mohr Coulomb (MC) va mét s& md hinh tinh todn khac té ra &nh hwéng rd rét
lén xac suat phd hoai [4]. V&i céc bai todn d& bén, md hinh Mohr Coulomb v&i chi 6
tham sé mé hinh (Y, E, ¢, , u, Ko), it han cdc md hinh khac, mé hinh MC té ra an toan
hon so véi cdc mé hinh khac [4]; con vdi bai todn bién dang, thich hop nhat |a mé hinh
Soft Soil Creep (tuy cling cé 6 thdng s& l1a chi s6 nd k*, chi s6 nén hiéu chinh A%, chi s& tur
bién hiéu chinh u*, Hé s Poisson khi nén/nén lai vur, hé s6 n& ngang khi c6 két binh
thuong KNS, Do doc duong tdi han critical state line, la mot tham sé phu thudc KNC M.
Tuy nhién, nghién ctru nay s dung s6 liéu thdong thuong cla cic ho so dia chat, khong
c6 nhitng thdng s6 thi nghiém nén ba truc, nén tam thoi thé thirc tiép can nghién ctru |a
khong dung mé hinh Soft Soil Creep.

5. Kétluin

Bai todn nghién ctru khéng chic chan trén cac s6 liéu bai toan dong hoc nén dat.

Bai todn dao ham gay anh huwédng (IGn va gia tang dd 14n khi cé rung déng) dén cong trinh xung quanh da
va dang duoc gii, 18y trén nhitng s6 liéu bién thién mot cach ngiu nhién vé chiéu day I&p dat, quy trinh
dao khoéng duogc thuc thi mot cach nhat quan (khéng chic chan) va nhiéu yéu té khong chic chan
khéc...d3 dugc khdo clru budc dau. Két qua la dé 1in CTXQ dwoc gidi trén mé hinh Plaxis 2D Dynamics.
L3 mot bai toan 16n, tich hop rat nhiéu van dé phic tap: H6 dao sau, Anh hudng dong, Lan truyén rung
dong, thdng s6 mo hinh gidi vai Plaxis, va lvong hda cac thdng s6 khong chic chan...tuy chwa danh gid cu
thé d6 tin cay cla bai todn dao hdm dang xét 13 bao nhiéu (tir d6 danh gid dugc d6 tin cdy cla dy an),
nhung “hép den” cdng cu day sirc manh Plaxis da budc dau dugc thiét 1ap va thé thirc nghién ctru tién
hanh trén s& liéu that cho thay két qua hop Iy, cd trién vong cho nhitng nghién ctru siu va rong hon trén
s& lvgng bién ngdu nhién xung quanh bai toan dao ham trai dai theo tuyén. Néi cach khac, hwdng
nghién ctru ké tiép chi la van dé giai quyét s6 lugng 1dn lwot gidi trén céc sb liéu d3 dwoc tap hop (13
bi€n ngiu nhién x 5 mit cat), thdng ké va chuyén sang tinh toan dé tin cay, ham xac suat pha hoai.

Nghién clru nay la giai doan khao sat anh hudng déng khi dao ham, va rat can tiép tuc dwoc té chirc tién
hanh nghién clru theo budc 3 va 4 cla thé thirc.

Loi cam on, tri an nguon tai trg
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Tac gid chan thanh cdm on cdc ddng nghiép thudc don vi thi cdng cé mdi lién hé vdi Cty
Shimizu — Meida Joint Operation., Nhat Ban d3 giip d& tac gid tim hiéu vé bién phép thi cdng
cong trinh dao hadm kin ndy dé€ mé phdng bai todn.
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Bai géi Hpi thio khoa hoc lin V Khoa XAY DUNG VA DIEN truong Pai Hoc Mé TpHCM

Panh gia d¢ tin cay bai toan thiét ké moéng coc chiu anh hwéng
ma sat am

Nguyén Minh The!, L& Anh Linh?3, Hd Hiru Vinh?3, V6 Phan’, Nguyén Thoi Trung?®
' Céng ty TNHH Thiét ké - Xay dung Anh Thinh, TP.HCM
2 Vién Khoa hoc tinh toan (INCOS), Truong Pai hoc Ton Dirc T hcfng, TP.HCM
8 Khoa Ky Thudt Cong Trinh, Truong PH Tén Pirc Thing, TP.HCM
* Khoa Ky Thudt Xay Dung, Truong DH Bach Khoa, TP.HCM
Email: thonm2003@yahoo.com

Tém tat: Qui trinh tinh todn, thiét ké méng coc dwoc qui dinh trong tiéu chudn xdy dung va dwge sir dung
rong rdi trong nganh xdy dung o nudc ta tir lau. Tuy nhién hién twong ma sat am, mot trong nhiung hién
twgng thuong xuyén xdy ra o cac khu vuc cé dia chat yeu gdy anh hwéng 16n dén qud trinh lam viée cia
coc, van chua dwgc chii trong trong bo tiéu chudn thzet ké nay Ngoai ra, viéc danh gia do tin cdy bai todan
thiét ké méng coc duée tae dong ngdu nhién cia cdc yéu té dau vao cing chuwa duwoc xét dén trong cdc tiéu
chudn xdy dung cia nude ta. Bai bao ndy vi vay dwoc thiee hién nham khdc phuc hai diém thiéu sét nay
théng qua viéc danh gid dé tin cdy bai toan thiét ké méng coc chiu anh heong ciia ma sat ém tai khu viee
dia chdt yéu. Trong bdi todn danh gid do tin cdy, dai lwong ngau nhién dwoc xem xét la cac chi tiéu co li
cia ddt nén: lyc dinh, géc ngi ma sdt, trong lwong riéng va tai trong tac dong. Cong cu danh gia dé tin cdy
dugc sir dung la phwong phap mo phong Monte-Carlo. Hai truong hop lam phat sinh ma sat am trong nén
ddt yéu la truong hop gia tang phu tai nén va trieong hop ha myc muwoc ngam duoc dé ra va gidi quyet
trong bai bao nham dinh lwong mét cach ré rang, cu thé anh huong cia ma sat am lén dg tin cdy cia két
cau méng coc.

Tw kh(;a: Phan tich d¢ tin cay két ciu; Hién tugng ma sat am; Bién ngiu nhién; Ham trang thai gidi han;

Xac suat pha huy.
1. Gidi thigu
Trong linh vuc xay dung noéi chung va linh vuc xay dyng dan dung cong nghiép ndi riéng, ket
cau mong dong vai tro hét stc quan trong d6i véi sy 1am viéc 6n dinh cta cong trinh. Sy mét 6n
dinh & két cau mong nhu do 1Gn qué 16n, 1Gn Iéch, giam stc chiu tai... s& gay ra thiét hai Ion ddi
V6i cong trinh nhu nit, nghiéng hay tham chi sup d6 cong trinh [1, 2]. Chinh vi vay, qué trinh
thiét ké mong luon dugc chi trong cao do nhém tang muc do an toan cho két cau mong. Tuy
nhién, ngay ca khi dugc thiét ke mot cach can than, mot s6 cong trinh van xay ra nhitng su ¢6
dang tiéc lién quan dén két cau mong trong qua trinh thi cdng va st dung. Mot trong nhiing
nguyén nhan ph bién gay ra su ¢ 1a do ngudi thiét ké chua ludng trudc su thay dbi ngau nhién
cta moi truong xung quanh trong thoi gian thi cdng va sir dung cdng trinh. Hay noi cach khac,
nhitng dit liéu tinh toan dau vao cua két ciu mong coc nhu chi tiéu co li dat nén, tai trong tac
dung... s& khéng mang gia tri ¢6 dinh, ma s& dao dong ngau nhién quanh gia trj thiét ké ban dau
tuan theo mot qui lut phan phéi xac suét nhat dinh. Su dao dong nay lam cho (ing xir du ra cia
két cau ciing dao dong, va do6i khi vuot qué gidi han cho phép, dan dén sy pha huy két cau mong.
Nhu vay, viéc xac dinh X4c suat pha huy cua két ciu khi xét dén sy dao dong ngau nhién caa cac
yéu t6 dau vao la hét sicc quan trong trong qua trinh tinh toan, thiét ké mong coc. Bai toan nay
duoc goi 1a bai toan danh gia d tin cay cho két cdu mong coc.
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Cho dén nay, c¢6 nhiéu phuong phap khac nhau duoc dé xuat dé giai quyét bai toan phan tich
do tin cay két cdu. Co thé ké tén mot s phuong phap phd bién thuong duoc st dung nhu:
phuwong phap phan tich do tin cay bac nhat (FORM-First Order Reliability Method), phuong
phap phan tich do tin cay bac hai (SORM-Second Order Reliability Method) [3], phuwong phap
md phong Monte Carlo (MCS-Monte Carlo Simulation) [4]. Song song d6, rat nhiéu nghién ciru
da tién hanh thanh Iap va giai quyét bai toan danh gia do6 tin cay cho nhiéu loai két ciu khac
nhau. Mot sé cong trinh tiéu biéu c6 thé ké dén nhu: Andrezej va cac cong su [4] trong cudn sach
vé d6 tin cay cho két cdu da trinh bay nhiéu phuong phap danh gia do tin cay va nhiing ang dung
cuaa no trong cac linh vuc khac nhau trong ki thuat. Dehmous va c&c cong su [5] da st dung
nhiéu phuong phap két hop, cung v&i mo hinh phén tich da ti I¢ (multi-scale) giai quyét bai toan
danh gia do tin cay cho két cu cau day ving Laroin — Phap. Chan va c4c cong su [6] di danh gia
do tin cay cho coc chiju tai ngang sir dung su két hop giita cac phuong phap danh gia do tin cay
va mang than kinh nhan tao (ANN). Sun Eun [7] vao nim 2013 d4 trinh bay bai toan danh gia do
tin cdy bang FORM cho bai toan thiét ké méi doc véi nhidu co ché pha hoai khac nhau. Low [8]
trong bai bdo gan day da trinh bay mot cach tong quan nhiing tng dung cia cac phuong phap
danh gia do tin cay trong viéc khao sat, danh gia d6 tin cay cho cac bai toan dia ki thuat, v.v.

Trong bbi canh ngay nay, viéc st dung phuong 4n mong coc ddi vai cac cong trinh nha dan
dung duoc xay dung trén nén dat yéu 1a mot trong nhimg phuong an rat phd bién khi thiét ké
mong cho cdng trinh nha cao tang. P6i voi hau hét cac loai coc dung trong xay dung hién nay,
g xtr giita coc va dat nén thé hién qua thanh phan ma sat xung quanh coc va suc khang cua dat
& dudi miii coc. Ca 2 thanh phan nay déu chiu tac dong truc tiép caa cac chi tiéu cuong do dat
nén nhu: dung trong y, luc dinh ¢ va goc ndi ma sat ¢..., qua d6 anh hudng tryc tiép dén sic chiu
tai (SCT) cua coc. Mot trong nhitng hién twong anh huong truc tiép d¢én SCT cua coc thong qua
cac chi tiéu co 1i dat thuong bi b qua trong qué trinh thiét ké méng coc hién nay 1a hién tuong
ma sat &m. Ma sat am 12 hién tuong gay ra do téc do 1Gn cua nén dat yéu xung quanh coc 16n hon
téc d6 1n cua coc. Sy 1Gn nay gay ra luc ma sat kéo than coc di xudng, kéo theo su thay doi st
chiu tai va do 1Gn cua coc, tir 46 1am ting nguy co pha hoai cuia méng coc. Rat nhiéu nghién ciu
dugc thyc hién nham mé phong, dé xuat qui trinh tinh todn cho hién tugng nay. Vi du nhu
Bakholdin va céc cong su [9] vao nim 1974 da khao sat va dé ra cong thuc giai tich cho hién
twong ma sat am. Grigoryan va cac cong su [10] da khao sat hién twong nay trong truong hop
giam trong lugng riéng cua dat nén bang phuong phap thuc nghiém. Tran Huy T. [11] nghién
ctru, d& xuat cdng thic giai tich cho qui trinh tinh toan anh huong cua hién tugng ma sat &m cho
coc riéng Ié vao nam 2012, v.v. Cho dén nay, tac dong cua hién tuong ma sat am lén két cau cho
nhiéu _truong hop khéc nhau cling da dugc khao sat, vi du nhu tinh toén cho coc nam trong 16p
dat tram tich (layered soil deposites) [12], cho nhom coc [13], cho coc tuyét dbi ciing va coc ¢o
thé bién dang [14], cho nhém coc trong nén dat ¢ két (consolidating soil) [15]. Tuy nhién trong
tiéu chuan xay dung Viét Nam, chi dan tinh toan cho hién twong ma sat am van chua duoc qui
dinh r6 rang.

Két hop cac két qua tong hop tir cac nghién ctu ké trén, bai bao nay vi vy thuc hién viéc
danh gia do tin cay cho bai toan thiét ké méng coc co xét dén anh huong cua hién tuong ma sat
am st dung qui trinh tinh toan giai tich va phuong phap danh gia d¢ tin cdy MCS. Trong s6 cac
phuong phép danh gia d¢ tin cay, phuong phap MCS noi troi vé mic do chinh xac va duoc st
dung phd bién trong viéc giai quyét cac bai toan c6 phuong trinh tng Xt & dang giai tich rd rang,
hoic c6 thoi gian, chi phi tinh toan thap. Vi vay, viéc sir dung phuong phap MCS cho bai toan
danh gia do tin cay cho mong coc nay la hoan toan hop li. Trong bai toan nay, bién ngau nhién
duogc chon 12 cac chi tiéu co 1i ctia cac 16p dat (c, ¢, y) va tai trong tac dong N, M. Ham trang thai
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giéi han 1a lyc tac dung dau coc nho hon gia tri sic chiu tai cuc han cua coc. Bang cach dinh
lwong rd rang anh huong cua hién twong ma sat am véi mot bai todn mong coc cu thé thong qua
viéc giai quyét bai toan danh gia do tin cay, bai bao s& cung cap nhitng thong tin hitu ich cho qua
trinh thiét ké, gidp tranh nhitng rai ro tiém tang trong qué trinh 1am viéc cua hé mong coc.

2. Qui trinh thiét ké mong coc

Bai toan thiét ké méng coc thudng duoc tién hanh qua cac bude co ban:
- Chon loai coc, kich thuéc, tinh siec chiu tai caa coc theo vat liéu lam coc va theo chi tiéu
d4t nén dé tinh stc chiu tai cuc han, stc chiu tai cho phép cua coc theo hd so dia chit khao
sat.
- Tinh toan sé luong coc dudi dai, kich thudc hinh hoc cua dai coc sir dung tai trong truyén
xubéng moéng tir phan than.
- Tinh toén, kiém tra lai diéu kién lam viéc caa méng coc.

2.1 Xac dinh sirc chiju tai theo chi tiéu cwong d§ dat nén: TCXDVN: 205 — 1998

Strc chiu tai cuc han cua coc dugc tinh theo cdng thac sau:

Qu=Qs+Qp (51)
Tinh strc chiu tai cuc han do ma sat Qs
Qs =u>_fgl, (52)
trong d6 fsi 1a ma séat bén tac dung 18n coc cua I6p dat thi i,
f =o, tang, +C, (53)

Ca 12 lyc dinh giira than coc va dat, T/m?; véi coc bé tong cot thép Ca = 0,7c; trong dé ¢ 1a lyc
dinh cua dat nén; Grl] ,G; ‘trong ung la ang suat hiru hiéu cua dat theo phuong ngang va phuong
dang; k. 1a hé s ap luc dt tinh, k. =1—sing,;

Tinh suc chiu tai cyc han do khang miii Qp
Qp = qup (54)

trong d6 Ap la tiét dién coc; gp 1a cudng do cua dat dudi miii coc va duge xac dinh theo cong thirc
(Vesic, 1973)

g, =C.N,+o N, +7d.N, (55)
Céc gia tri Ng, Nc va Ny tinh theo Vesic nhu trong tai liéu tham khao [16]:
Strc chiju tai cho phép Qa tinh theo cong thic

Q.= Q2
FS, FS,
trong d6 FSs = 1.5 — 2.0 12 hé s6 an toan cho thanh phan ma sat hong; FSp = 2.0 — 3.0 1a hé s6 an
toan cho suc chong dudi miii coc.
2.2 Tinh toan, chon so lwgng coc, kich thwéc hinh hoc dai coc

(56)

Xac dinh so bd kich thudc dai coc
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- Xac dinh chiéu cao dai coc so bd, hg:
- Tiét dién coc dc, chiéu dai tinh toan coc, I¢;
- Ung suat trung binh so bd dudi ddy mong

sbh _ Qa
G pu
- Dién tich so b cua day dai
Nt’[
Fo = ——1— (58)
) O-tbb —Vwhy
- Trong lugng dai va dat phu trén dai
Qsdb = LIF 7 (59)
Xac dinh s6 lugng coc so bd
- Tong luc doc tinh toan so bd ¢ day dai
Ny =N*+Q5 (60)
-S4 lwong coc chon so bo
ng = 1.2><% (61)
CAu tao va tinh toan dai coc: theo huéng dan cua tiéu chuan thiét ké.
2.3 Kiém tra diéu ki¢n lam viéc ciia mong coc
- Trong lugng dai va dat phu trén dai
Qs =1L1FHyyy (62)
- Tong luc doc tinh toan ¢ day dai
N, =N"+Q, (63)

- Xac dinh lyc tac dung 1én dau coc 16n nhat Pmax VA luc tac dung 1én dau coc nho nhat
Pmin dya trén kich thudc hinh hoc dai, coc va ngoai luc tac dung 1én dai (N,, M, M ).
CAC gia tri Pmax, Pmin phai thoa man diéu kién:

Prax < Q4

m

(64)

Ngoai ra, con mot sé didu kién 1am viéc khac cia mong nhu diéu kién xuyén thing dai, do
ln cua day mong... Trong bai bao, dé tap trung cho bai toan phan tich do tin cay, nhiing diéu
kién lam viéc nay dugc bo qua.

3. Tinh toén lai sitc chiu tai cia coc khi ké dén hi¢n twgng ma sat am

Hién tuong ma sat Am nhu d néi & trén 12 hau qua cua viéc 1an nén dat yéu xung quanh coc, kéo
theo sy giam sirc chiu tai. Trong thuc té hién nay, hai tac nhan chinh gay ra hién tuong nay la: 1)
phu tai dap thém san I4p nén dét hoac do nén dat yéu con ¢ giai doan cb két; 2) viéc ha muc nuéc
ngam xudng thap hon muyc nuwdc ngam trong thiét ké ban dau. Qui trinh tinh todn ma sat am chiu
anh huong cua 2 tac nhan nay sé duoc trinh bay trong céc phan tiép theo ciia muc nay.
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Khi c6 phu tai dap thém g, ap luc do khdi dit dip nay s& lam cho 16p dit yéu ngay dudi méng
bi 1n. Chinh sy IGn nay gay ra hi¢n tugng ma sat am. Sy anh hudéng cua phy tai p, dén gia tri
ma sat &m s& duoc thé hién thong qua do 1Gn S ca 16p dat yéu.

S= zﬁ pglhi (65)
i E
Bién dang dan hdi cia ban than coc dugc tinh theo cong thuc:
Q. xL
Al==L——
AE (66)

Do 1Un cua dat ¢ dudi miii coc (khong xét dat dap) :
d.o(l—u?
Sm:qpc( Ho) (67)
EO
trong d6 gié tri gp duoc xac dinh theo cong thic (55) cua Vesic; o 1a hé sé phu thugc vao hinh
dang coc, = 0.88 ddi vai coc vudng va = 0.79 ddi véi coc tron;  1a hé s ng hong; Eo 1a md
dun dan hoi cua l6p dat dudi mii coc. ‘
Luc nay, d6 1Un cta miii coc do luc & than coc truyen 1én duoc tinh boi
f 1—u°
S, =d. W (68)
0

trong d6 hé s @, =2+0.35 d—' 1a hé so phu thude vao d6 manh cua coc; fsthuc 1a sicc khang bén

don vi trung binh cho toan doan coc.

Trong trudng hop muc nudc ngam vi nguyén nhan nao d6 bi ha xudng thiap hon muyc nudc
ban dau khi thiét ké thi gié tri fsnue duoc tinh lai twong tu nhu cong thic (53), trong d6 Gng suat
I6p dat trén muc nudc ngam sé duoc tinh 1a tng suat khéng bdo hoa o, thay vi tng suat hitu
hiéu o 'nhu trudc.

Chiéu sau cua dat chiu anh huong cua ma sat am

Sq
Z = [1—§j H, (69)

véi Hy =l1, 12 chiéu day cua 16p dat thir 1 (dét yéu); Sq¢ = Al + Sm + Sp 12 tong d6 1Un caa coc don.
LUc nay, stiic khang cuc han do ma sat so vai treong hop khdng xét ma sat am sé bi giam di mot
luong AQ dugc xac dinh nhu sau:

AQ=u [ faly = f1Zps — o (- st)] (70)

nsat

Vi fs1 va fuz 1a céc thanh phan ma sat duong trude va sau khi chiu anh huang cua hién tuong ma
sat am; fs11 12 thanh phan ma sat don vi trong doan Zms (fs11<0). Nhu vay, kha ning chiu tai cuc
han cta coc ciing bi giam di mot lugng AQ tuong ung.
4. Bai toan danh gia do tin cAy cho mdng coc
Bai toan danh gia do tin cay cho két ciu bao gom cac thanh phan chinh:

- Xac dinh ham trang thai gigi han cua két cau;

- Lua chon bién ngau nhién;

- Xéc dinh cac thdng s can thiét cua bién ngau nhién.
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- Thuyc hién phan tich danh gia do tin cay cho két cdu bang mot phuong phap phan tich
do6 tin cay hop ly.
Ham trang thai giéi han 1a ham qui dinh ngudng an toan két ciu, va duoc thanh lap trén céc tiéu
chuan pha huy cua két cau duoc qui dinh trude hodc do nha thiét ké dinh ra. Ham trang thai gioi
han duoc dai dién bai hai thanh phan va c6 dang nhu sau

9(x) =R(X)-Q(x) (71)

trong d6 X 1a véc to chira cac bién ngau nhién; R(x) 1a bién v6 hudng dai dién cho kha ning chiu
tai cho phép cua két cau; Q(X) 1a bién vo huéng dai dién cho tng xir cua két ciu. Két cau duoc
xem la an toan khi g(x) > 0, va nguoc lai bi xem la pha huy khi g(x) < 0.

D4i v6i bai toan danh gia do tin cdy cho moéng coc, ham trang thai giéi han duoc chon
g(x)=Q, —P,... Vi cac gia tri Q, la kha nang chiu tai cho phep cua coc; P, 1a gia tri dai dién
cho ung xir caa két cau mong khi chiu ngoai luc tac dong va duoc tinh todn nhu qui trinh di trinh
bay. Nghia 1a két cau mong s& duoc coi la bi pha huy khi luc tac dung 1én dau coc Ién hon stc
chiu tai cuc han cuaa coc.

5. Phwong phap danh gia do tin cady m6 phéng Monte-Carlo (MSC)

Phuong phap mé phong Monte-Carlo la mét trong nhimg phwong phéap phan tich d¢ tin cay phd
bién nhat Phuong phép nay dya trén két qua danh gia truc tiép gia tri ham trang thai gisi han voi
c4c mau dir liéu. Uu diém cua phuwong phap nay 1a don gian, dé thuc hién, nhung nhuogc diém la
s6 mau thyc hién phai du 16n dé dam bao sy chinh xac cua viéc phan tich.

Gia sur ta c6 N miu danh gia ngdu nhién cua ham trang théi gioi han theo cac bién ngau
nhién. Khi d6 xac suat pha huy va xac suat an toan cua két cau sir dung phuong phap mé phong
Monte-Carlo s€ dugc xac dinh béi cong thirc

n
P= <100 R=1-P (72)
trong d6 N 12 tong s6 mau danh gia ham trang thai gidi han theo cac bién ngau nhién thuc hién
dugc; n 1a s6 mau danh gia trong N mau c6 ham trang thai gisi han g(x) <O0.

6. Vidusd

Trong phan nay, tac gia trinh bay két qua s6 cua viéc danh gia do tin cay mong coc nhu Hinh 3
V6i s6 lidu dia chat duogc trinh bay nhur trong Bang 2. Bay la mot mong coc dugc thiét ké trudc vi
viy céac kich thuéc, tiét dién coc, thdng sb vat liéu, chi tiéu co 1i dat nén, sb luong coc... 1a cac
thong s6 di c6 gia tri. Bai bao s& tién hanh kiém tra, danh gia do tin cdy cho méng coc nay, dong
thoi tién hanh danh gia d6 tin cay cho thiét ké nay khi ké dén sy anh huong cua hién twong ma
sat am.

Déi voi bai toan danh gia d6 tin cay cho mong coc, bién ngau nhiéu dugc chon trong bai
toan 1 cac chi tiéu co li cua cac I6p dat nén (c, ¢, y) va tai trong tac dong: luc doc N, mé men
My, My. Cac bién nay duoc gia dinh tuan theo qui luat phan phdi chuan (normal) véi gié tri trung
binh () duogc lay tir cong tac thong ké dia chat. Do léch chuan (o) cua cac bién ngau nhién
duogc lay tham khao theo cdng bd cua Chan va cac cong su [6]: cac chi tiéu co li cta dat c6 do
léch chuan o =10%,; tai trong tac dong c6 do léch chuan o =5%;. . DAu tién bai toan danh gia
do tin cay s& duoc thuc hién cho thiét ké co sin chua ké dén anh huong cua hién teong ma sét
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am. Luc nay ham trang thai gisi han s¢ la g(x) =Q, —P,.,, voi gia tri Q, dugc tinh khi chua xét

dén anh huong cua hién tugng ma sat &m. Sau do6 tac gia tién hanh danh gia do tin cay cho mong
coc nay sau khi ké dén anh huéng cua hién twong ma sat am cho 2 truong hop c6 phu tai dap
thém va truorng hop ha muc nudc ngam. Trong trudng hop nay, ham trang thai gidi han van la
9(X)=Q, —P.,., nhung Q, sé& la sirc chiju tai cuc han c6 ké thém anh huéng cua hién tugng ma

sat &m ddi véi méng coc.

Két qua tinh toan cho ca 2 trudng hop duoc trinh bay trong Bang 3, Bang 4, Hinh 4 va Hinh
5. Tr két qua thu dugc ¢6 thé nhan thiy ring do tin ciy doi voi thiét ké nay khi tinh dén su dao
d6ng ngau nhién cua cac bién chi tiéu co li dat va tai trong tac dung la twong d6i cao (Ps = 99,9%
- 100%). Nhu vay c6 thé dua ra két luan rang mong theo thiét ké trén 1a twong d6i an toan néu bo
qua anh huong cua hién tugng ma sat am.

Tuy nhién, cé thé nhan thay rang khi ké dén hién twong ma sat am, trong trudng hop co tai
san lap, do tin cay cho két cau nay bi sut giam nghiém trong (con 94.8% ddi Vi pg = 8 tan).
Trong truong hop bé day I6p dat dap ting 1én, sic chiu tai cuc han giam rat manh (4Q, ting
nhanh nhu Hinh 4) va qua d6 tin cay cho méng cang giam manh. Tir két qua thu duoc, c6 thé két
luan rang su anh huong cia hién tugng ma sat am dén kha nang chiu tai, 1am viéc binh thuong
cia mong la rat dang ké. Chinh vi vay, doi véi nhiing cong trinh c6 cong tac san lap thi viéc ké
dén hién trong ma sat &m trong qua trinh thiét ké 1a cuc ki quan trong.

Déi véi truong hop ha muce nude ngam (MNN), ¢6 thé nhan thiy do chénh Iéch stc chiu tai
(4Qu ) tang 1én khi ha MNN nhu trong Hinh 5. Tuy nhién d¢ tin cdy cho méng coc khdng giam
ma tham chi con ting 1én. Diéu nay l1a dé hiéu vi khi MNN ha xudng, sic chiu tai (Q, ) ciing ting
1én, tdc do tang cua Quldn hon téc d6 ting ctia 40y nhu trong Bang 4, va diéu nay lam do tin cay
cta mong khéng bi giam ma con tang. Nhu vay, khi ha MNN, anh huéng cuaa hién twgng ma sat
am tang 1én, tuy nhién khong lam giam kha nang lam viéc cua coc va vi vay do tin cay cho méng

khong bi anh huong.

- Lucdoc: N = 2606 Tan;
- Momen: Mx =210 T.m;

O

1200

i

My =39 T.m; ) 55
- Luccat: Qx =25 Tan; ol o o7
. Qy=18 Tén: g g 8
- 6 Coc khoan nhdi duong

1200

1000 ‘ 2400 ‘ 2400 ‘ 1000
T

6800

Hinh 3. Mgt bang méng cec va cac thong sé cia bai toan

Bdng 2: thdng sé chi tiéu co li ciia céc |6p dit

Léopl  Loép2 Loép3  Lop4 Lép5
STT Dic trung Ki  Dbonvi  Bin Cat Sét Sét, Cét
hiéu Sét, pha, pha, nua pha,
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chay déo déo cing déo
mem

1  Dung trong tu nhién Yonsat kN/m? 14.6 19.5 19.5 19.0 20.2
2 Dung trong diy ndi Yin kN/m? 4.8 10.1 10.0 9.1 10.6
3 Module dan hoi E Eoed KN/m? 1201 8055 5557 5990 12876
4 Lyc dinh C KN/m? 5.7 9.0 20.0 26.5 8.8
5  Gobc ma sat trong ¢ 0 3039>  2290° 10470 12°10° 24°39°
6 B¢ day lop dat h m 10.6 18 3.9 23.7 18.9

Bdng 3: Két qua dg tin cdy cho bai todn mong cec Vdi meec nwwéc ngam tai vi tri z = -3m

Ap luc gay 1Un pg (Tan/m?)

2 3 4 5 6 7 8
Qu (Tén) 527.05 527.05 527.05 527.05 527.05 527.05 527.05
Qu-masat (Tén) 477.44 470.67 467.21 465.11 463.70 462.69 461.92
AQu (Tén) 49.62 56.38 59.84 61.94 63.35 64.37 65.13
Ps (%) 99.99 99.99 99.99 99.99 99.99 99.99 99.99
Ps-masat (%0) 98.052 96.983 96.245 95.696 95.328 95.051 94.807
Bdng 4: Két qud dé tin cdy cho bai toan mong cec Véi tdi gay 1Un pg = 3 Tan/m?
Vi tri myc nuéc ngam (m)
-2 -3 -4 -5 -6 -7 -8
Qu (Tén) 509.68 527.05 544.43 561.81 579.19 596.56 815.43
Qu-masat (Tén) 456.48 470.67 484.89 499.13 513.39 527.67 721.52
A0y (Tén) 53.19 56.38 59.54 62.68 65.80 68.89 93.91
Ps (%) 99.904 99.99 99.999 100 100 100 100
Ps-masat (%) 92.657 96.983 98.896 99.642 99.905 99.98 100
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99 T T T T T 70 100 T T T T T 100

o

----- Pgl-Psms

—— PglDetaq s [ MNN-Psms
’ : A | {| —— MNN-DeltaQ

" Deltaq (T)
DeltaQ (T)

Ps-ms (%)

Pl (T/m2) MNN (m)
Hinh 4. Quan hé gitra ap luc gay lun Hinh 5. Quan hé giita vi tri myc nuéc ngam
Pgl — Ps-masat V& 40y MNN — Ps_masat Va 40

7. Két luan

Bai bao thyc hién viéc danh gia do tin cay bai toan thiét ké mong coc khi ké dén su thay doi ngau
nhién cua cac thong s6 chi tiéu co 1i dat nén va tai trong tac dong. Phuong phap Monte-Carlo
duoc su dung dé danh gia do tin cay (hay tim xac suat pha huy cua coc). Hai truong hop duoc
xem xét d6i voi mong coc, bao gém trudng hop ¢6 ké dén anh huong cua hién twong ma sat am
va truong hop khong ké dén anh hudng nay. Anh huéng cua hai truong hop gay ra hién tuong
ma sat &m, bao gom gia tang tai trong dap nén va ha muc nudc ngam, 1én do tin cay cia mong
cling duoc khao sat. Két qua thu duoc tir bai toan danh gia do tin cay cho méng coc di gitip tién
luong duoc x4c suat pha hiay méng trong qué trinh thiét ké méng coc.

Ngoai ra, két qua thu duoc tir viéc khao sat anh huong cua hién twong ma sat am 1én do tin
cdy cong trinh ciing giup dua ra két luan vé anh huong déng ké cua hién tugng ma sat 4m dén
kha nang lam viéc caa méng coc. Tir do ciing dua ra khuyén nghi V& viéc nén ch trong nghién
cau va ké dén ‘anh huéng cua hién tugng ma sat am trong qua trinh thiét ké. biéu _nay s& giup két
cau lam viéc 6n dinh, tranh dwgc nhitng sy ¢6 dang tiéc xay ra dbi véi phan ngam nai riéng va

cbng trinh xay dyng ndi chung.
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Phin tich d9 tin ciy trong xiy dung: tong quan, thach thirc va trién vong
Nguyén Thoi Trung'?, H6 Hiru Vinh', L& Anh Linh!, Liéu Xuan Qui', Nguyén Thoi My Hanh!

Y Vién Khoa hoc tinh todn (INCOS), Truwong Bai hoc Tén Pire Thing
2 Bé Mén Co hoc, Khoa Todn-Tin, Truong DH Khoa hoc Ty nhién, PH Quéc gia TpHCM
Email: nguyenthoitrung@tdt.edu.vn; thoitrung76@gmail.com

Tém tit: Mo dau bai bdo, tdc gia trinh bay tong quan Vé vai tro cia phén tich dg tin cdy noi chung va
phan tich do tin cdy trong xdy dung néi riéng. Ké dén, tac gia giéi thiéu cac buée co ban dé thanh ldp mot
bai todn phan tich dg tin cdy trong xdy dung va nhirng phirong phdp gidi phé bién, ciing nhw gidi thiéu mot
s6 umg dung cia viéc phan tich do tin cdy va nhing bai todan lién quan. Cudi ciing, tic gia dé cdp dén
nhitng thach thire va trién vong cia viéc dao tao va img dung phdn tich dé tin cdy trong xdy dung tai Viét
Nam.

Tw khéa: Phan tich dc} tin cay két cAu; Co hoc tinh toan; Khoa hoc tinh toan; Bién ngﬁu nhién; Ham trang
thai gidi han; Xéc suat pha huy.
8. Giai thiéu
Trong qué trinh thiét ké cac cong trinh xay dung, nhiéu dir liéu tinh toan dau vao s& khong
mang gia tri cd dinh, ma s& dao dong ngau nhién quanh gia tri thiét ké ban dau va thuong tuan
theo mot qui luat phan phdi xéac suat nhat dinh. Nhimg thay doi nay c6 thé do yéu té tu nhién
nhu: diéu kién khi hau, mua, gié, bdo, Iii lut, han han, dong dat, song than, v.v; hodc do yéu té
con ngu(n nhu: sy dao dong cua ngoai lyc tdc dong trong qua trinh sir dung, sai sb trong tinh
toan, sai s6 do mé hinh, sai s6t do thi cong, san Xuit, hoic sai sot do thay doi cong ning st dung,
v.v. Piéu nay dan dén ang xur dau ra cua két cau ciing dao dong theo mot qui luat phan phdi xac
Suit, va s& c6 mot s6 trueong hop tng Xt dau ra vuot qua gisi han cho phép duoc dinh trude nhu:
chuyén vi vuot qua chuyén vi cho phép, ang suét vuot qué (ing suat cho phép, v.v. Xéc suat cac
truong hop tng xur dau ra vuot qua gidi han cho phép dugc goi la xac suit khong an toan cua két
cau hay xéc suat pha huy cua két Cau Khi d6, viéc xac dinh xé&c suat pha huy cua két cau khi co

su dao dong ngiu nhién cua cac yéu td dau vao dugc goi 1a bai toan phan tich do tin cay cho két
Cau.

Nhu vay, ta thiy viéc xac dinh duoc cac yéu té ngau nhién tac dong ciing nhu xac suat phéa
haty caa cac cong trinh s& mang lai nhiéu loi ich thuc tién, vi du nhu: gitp ta x4c dinh dugc muc
chi phi hop Iy trong qué trinh quyét dinh dau tu va tién luong duoc nhitng rai ro co thé xay ra ddi
véi cbng trinh trong qua trinh thi cong cung nhu khi dwa vao su dung, gitp ta co co s dé xac
dinh trach nhiém khi cong trinh gap su ¢d, va c6 co s& dé quyét dinh mic bao tri, bao dudng
cbng trinh mot cach hgp ly, v.v.

Cho dén nay, da c6 nhiéu phuong phap khac nhau duoc dé xuét dé giai bai toan phan tich do
tin cay. Trong s6 do, cac phuong phap phd bién thudong duoc sir dung gom co: phuwong phap do
tin cdy bac nhat (FORM-First Order Reliability Method), phuong phap d¢ tin cay bac hai
(SORM-Second Order Reliability Method) [18], phuong phap m6 phong Monte Carlo (MCS-
Monte Carlo Simulation) [3]. Day la nhimmg phuong phép dwgc su dung rong rai vi ching co thé
duoc tich hop dé dang véi cac phuong phap tinh toan ung Xu cua két cau, cu thé 1a tich hop truc
tiép giita code lap trinh phan tich ang xir cia két cAu véi code phan tich dé tin cay cua cac
phuong phép ké trén. Tuy nhién, trong truong hop viéc 1ap trinh phan tich ung xu cua két cau
khong thé thuc hién ma can phai sir dung cac phan mém thuong mai nhu ANSYS, ETABS, SAP,
COMSOL, ABAQUS, v.v, thi viéc tich hop truc tiép gitra phan mém thuong mai va code phan
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tich d6 tin cay s& kho thuc hién. Khi d6, ta can thuc hién viéc xap xi tng xu cua két cau dya trén
bo dir liéu mau thé hién méi quan hé giita théng sé dau vao va tng xir dau ra caa két ciu bang
cac phuong phap xap xi théng minh, roi mai thuc hién viéc tich hgp mé hinh xap xi nay véi cac
phuong phap phan tich do tin cay ké trén. Mot sé phuong phap xap xi théng minh c6 thé ké dén
nhu: phwong phap dap ung bé mat (RSM-Response Surface Method) [4[5[6[8[11], hay phuong
phap mang than kinh nhan tao (ANN-Artificial Neural Network) [11[12[13[14[15[16].

Cung vai sy phat trién manh cia cac phwong phap phan tich do tin cay, viéc ap dung ching
dé giai cac bai toan cu thé trong xay dung cling dugC Mo rong va ngay cang phat trién. Tac gia vi
vay ciing s€ gidi thi¢u so lugc mot s6 tng dung phd bién trong bai bao. Ngoai ra, tac gia ciing dé
cap dén mot sé thach thirc va trién vong cua viéc dao tao va tng dung caa phan tich do tin cay tai
Viét Nam.

9. Ciac bude co ban ciia bai toan phan tich dé tin cay cho két cau

Tong quét, mot bai toan phan tich d tin cay cho két ciu bao gém cac budc sau:
= Xac dinh ham trang théi gioi han cua két cau;
= Lua chon bién ngau nhién;
=  Xac dinh c4c thdng sb can thiét cta bién ngiu nhién nhu: gia tri trung binh, do léch
chuan, hé sb thay ddi, hé sd tuong quan va luat phan b:
= Thuc hién phan tich danh gia do tin cay cho két cau bang mot phuong phéap phan tich
do6 tin cay hop ly.

9.1 Xidc dinh ham trgng théi gigi hgn

Ham trang thai gii han 13 ngudng an toan cho phép cua két ciu, va duoc thiét lap dua trén cac
tiéu chuan thiét ké da qui dinh truéc hoic do nha thiét ké dat ra nhu: ¢ng suit cho phép cua vat
liéu, chuyén vi cho phép cua két cau, v.v. Tly vao yéu cau cua thiét ké va mac do quan trong cua
cong trinh ma ngudi thiét ké cd thé lya chon mot hodc nhiéu ham trang thai gisi han dé danh gia.

Ham trang thai gioi han dugc dai dién bai hai thanh phan va ¢ dang nhu sau
g(x) =R(X) —Q(X) 1)

trong d6 X 1a véc to chtra cac bién ngau nhién nhu: tai trong, thdng sé vat lieu, v.v; R(x) 1a bién
v6 hudng dai dién cho kha ning chiu tai cho phép cua két cdu nhu: tng suat von Mises cho phép,
chuyén vi cho phép, v.v; Q(x) la bién v6 hudng dai dién cho tng xir ciia két cau (vi du nhu ng
suat, chuyén vi) duéi tac dung cua céc bién ngau nhién. Chl y riang khang tai R ciing c6 thé duoc
xem |a mot bién ngau nhién.

Dua trén ham trang thai gioi han (1), két ciu dugc xem la an toan khi g(x) > 0, va nguoc lai
bi xem la ph& huy khi g(x) < 0.

9.2 Lua chen bién ngdu nhién

Sau khi d4 chon dwgc ham trang théi gioi han, tiép dén ta can xac dinh cac yéu té ngau nhién
hay con goi 1a bién ngau nhién tac dong 1én ung xir cia két cau. Viéc lva chon bién ngau nhién
duoc thuc hién qua hai bude: (1) xac dinh so bd cac bién ngau nhién c6 kha ning tac dong dén
ham trang thai gigi han; (2) xac dinh cac bién ngiu nhién quan trong bang cach phan tich d6
nhay ham trang thai gisi han duya trén su thay doi cua tirng bién ngau nhién da chon & budc 1.
Viéc phan tich 6 nhay c6 thé duoc thuc hién boi cong thac sai phan hitu han
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a9 _Ag g(xi+Axi)—g(xi)
OX; Ax AX:

(2)

trong d6 xi 12 mot gia tri duoc chon bat ky cua bién ngau nhién tht i; Axi 1a sé gia cua bién va
thong thuong dugc chon rat bé. Dya vao ket qua phén tich d§ nhay, nguoi thiet ke s& chon cac
bieén ngau nhién c6 d6 nhay Ién dé tién hanh phan tich do tin cay.

9.3 Xdc dinh céc thdng sé can thiét ciia bién ngdu nhién

Thong thuong cac thdng s6 can thiét cua bién ngau nhién (vi du gi tri trung binh, d¢ léch
chuan, hé s6 thay dbi, hé sb twong quan hay qui luét phan bé cua ching) s€ do céc trung tdm do
dac, nghién cttu va xu ly dix li¢u cung cap. Pé xac dinh duoc cac théng sé thong ké nay, thong
thuong bo dir liéu mau phai du 16n va thuong dugc thu thap trong mot khoang thoi gian du dai
dé co thé vira dam bao tinh khach quan vira mang tinh dai dién. Sau dé, dwa vao céc cong cu
phan tich théng ké, cac thong sb can thiét cho bién ngau nhién s& duogc xéac dinh.

Trong mét sé truong hop, bo dir lidu thu thap duoc khong du 16n, dan dén viéc danh gia hay
xéc dinh c4c thdng sé cua bién ngiu nhién khong dam bao tinh khach quan va do chinh xac. Khi
d6 ta co thé tao thém bo dir liéu bang cach sir dung cac phwong phéap tao miu trong théng ké nhu
phuong phap Iy mau cé hoan lai Bootstrap [1].

Tuy nhién thuc té & nudce ta hién nay, viéc xac dinh cac théng sé nay 1a diéu khong dé dang,
khi ma cdng tac thu thap dir liéu chua duoc nhan thic va quan tdm dung mac so vai tam quan
trong cua no, dac biét I tai cac co quan nha nudc cé cac diéu kién tiép can dir lieu thuong
xuyén. Piéu nay dan dén viéc thiéu thén, hodc khong day du hoic ngay ca khdng c6 dit liéu phuc
vu cho viéc phan tich d9 tin cay.

Sau khi d4 xac dinh dugc ham trang thai gisi han, cac théng sé va luat phan b caa cac bién
ngau nhién, ta s& tién hanh danh gia d tin cay cho két cau bang mot trong cac phuong phap danh
gia do tin cay phu hop. Mot gidi thiéu so luoc vé cac phuong phap déanh gia do tin cay nay sé
duoc trinh bay trong muc tiép theo.

10. Mt s6 phwong phap phén tich d tin cay pho bién

Nhu duoc gigi thidu & muc 1, di cac bai toan két cau don gian thi FORM, SORM, MSC van
la nhitng phuong phéap hay duroc sir dung bdi kha néng tich hop tryc tiép Vai cac phuong phap
phan tich ung xu cua ket CAu, va van dam bao két - qua phén tich déang tin cdy. Con dbi vai céac bai
toan két cau phuc tap, can phai sir dung phan mém thuong mai dé tinh toan &ng xu, thi ta thuc
hién thém budc Xap Xi Gng Xt nay bang cac phuong phép x4p Xi théng minh nhu RSM va ANN,
réi méi tién hanh tich hop cac xap xi nay véi cac phuong phap phén tich do tin cay ké trén dé
phan tich do tin cay cho két cau.

3.1 Phuong phap mo phong Monte-Carlo Simulation (MSC) [11]

Phuong phap mé phong Monte-Carlo la mét trong nhimg phuong phép phén tich dg tin cay
pho bién nhat. Phuong phép nay dya trén két qua danh gia ctia ham trang théi gisi han cua cac
mau dir diéu. Uu diém cua phuong phap nay 1a don gian va dé& thuc hién. Nhuoc diém cua
phuong phap 1a can sb luong mau I6n d&& dam bao d6 chinh xac, va do d6 thuong cé chi phi tinh
toan cao. Phuong phap c6 thé duoc md ta ngin gon nhu sau:
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Gia sir ta c6 N mau danh gia ngau nhién cua ham trang thai gioi han theo cac bién ngau
nhién. Khi d6 xac suat pha huy cua két cau s dung phuong phap mé phong Monte-Carlo sé
duoc xac dinh boi cong thuc

P, = % %100 3)

trong d6 N 1a tong s6 mau danh gia ham trang thai gisi han theo céc bién ngau nhién thuc hi¢n
duoc; n la s6 mau danh gia trong N mau cé ham trang thai gigi han g(x) < 0.

3.2 Phuong phap phan tich d tin ciy bac nhat FORM [11]

Phuong phap phan tich do tin cdy bac nhat FORM duoc thuc hién nhiam xéc dinh khoang
cch ngdn nhét tir diém O trong khong gian chuan héa u dén ham trang thai gisi han thong qua
diém thiét ké nam trén ham trang thai gidi han. Dé thyc hién phuong phap nay, ham trang thai
gigi han s& duoc Xap xi tuyén tinh tai diém chon ban dau va cac diém trung gian, cho dén khi
diém thiét ké duoc xac dinh. Qua trinh xac dinh diém thiét ké s& duoc thuc hién qua cac budc
giai 13p ciia phuong phap. Phuong phap FORM c6 thé duoc md ta ngan gon nhu sau:

Trong khdng gian chuan hda u, ham trang thai gisi han g(u) s& dwoc xap xi boi mot ham
tuyén tinh dwa trén khai trién chudi Taylor bac nhat nhu sau

gu)=g(u)+Vgu)u-u’)' (4)

trong d6 U =(u;,u,..,u’) la vecto chira cac gia tri hién thoi cua bién chuan héa khdng thi
nguyén ui c¢d gia tri trung binh 14 0 va do léch chuan 1 1, va nd dugc lién hé véi cac bién that xi
bai bicu thic u; =(x -, )/ o, V6i 0, lan luot la gia tri trung binh va do l¢ch chuan cua bien

ngau nhién xi; Vg(u") 1a gradient cia g(u)tai u”, va duoc xac dinh bai cong thuc

Vg(u')=[og/éu, g/ éu,,...,

()

FORM s& tim diém thiét ké MPP u* (Most Probable Point) 1a diém c6 mat d6 xac suit hu
hong lI6n nhat nam trén ham trang thai gidi han g(u) =0, nhu dugc minh hoa ¢ Hinh 6. Nhu vay
diém thiét ké MPP u* s& duoc x4c dinh bang viéc giai bai toan ti uu sau

min/i’(u)za/ul2 +U5 +...+u? chiu rang bugc g(u) =0 (6)
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Khéng gian bién x Khéng gian bién u

Hx)

Hinh 6. Biém thiét k¢ MPP u” trong khong gian vat ly va khong gian chuan hoa
Qua trinh x4c dinh diém thiét ké MPP u* ciing nhu chi sé do tin cay # s& duoc thuc hién
thdng qua viéc gidi bai toan t6i wu (6). Tir chi so do B, xac suat pha huy Pr cuia ket cau s€ dugc
xac dinh d¢ dang thong qua ham tich 1ty Gauss ti€u chuan nhu sau

P, x ®(-f) VoI ©(z)= _%dt (7

1 je
\N2r 2,
3.3 Phuong phap danh gia do tin cdy bac hai SORM [11,[10]

Tuong tu phuong phiap FORM, phuong phép danh gia do tin cdy béc hai SORM ciing xéac
dinh khoang cach ngan nhat tir diém O trong khong gian chuan héa u dén ham trang thai gisi han
thong qua diém thiet ké nam trén ham trang thai gisi han. Tuy nhién, diém khac ¢ day la ham
trang thai gidi han s& duoc xap Xi bac hai tai di€ém chon ban dau va cac diém trung gian, cho dén
diém thiét ké duoc xac dinh. Qua trinh xac dinh diém thi§t ké cling s€ dugc thuc hién qua céac
budc giai 1ap cua phuong phap. Phuong phap SORM c¢6 thé duwgc mé ta ngan gon nhu sau:

Trong khdng gian chuan hda u, ham trang thai gisi han g(u) s& duoc xap xi boi mot ham
phi tuyén bac hai dya trén khai trién chudi Taylor nhu sau

gu)=g(u)+VgU)u-u)’ +%(U —Uu) HU)(u-u’) (8)

trong d6, H(U") 1a ma tran Hessian & diém u”
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g &g %9
Ef ou,u, ouu,
o'y g 0y
HU)=|ouu, ouw2  auu, 9)
o'y 0'g 0’g
| duu;  duu, a_u§ 1P

Céc budc xac dinh xac suat pha hay duoc thyc hién nhu sau [2]
+ Xac dinh diém u” MPP bing phuong phap FORM
+ Tinh toan vecto dao ham Vg(u®) va ||Vg(u*)||6 diém u”
+ Tinh ma tran J boi cong thic J =[eye]n_1xn_1+ﬁ[A]n_m_l, VG A=QTHQ, Q la ma
u*
tran truc giao chuan hoa chtra cac thanh phan vecto u”
+ Theo Phoon K.K [2], x4c suat pha hity cia két cau duoc xac dinh nhu sau

1

P =®(-5)J 2 (10)

trong d6 A 1a chi s6 d tin cay duoc xac dinh tai diém MMP boi FORM; J la ma tran chtra cac
thanh phan chuyén doi toa d6 va chéo hoa truc giao; va ®(.)l1a ham tich Ity Gauss tiéu chuan
dugc xac dinh boi (7).

Hinh 7 thé hién su khac nhau caa ham trang théi giGi han khi duoc xap xi bdi FORM va
SORM

g0

//'N
FORM

Hinh 7. So sénh két qua xap xi giita FORM va SORM.

3.4 Phuong phap dap ing bé mat RSM (Response Surface Method)

Nhu da dugc dé cap & muc 1, muc dich chinh ciia phuwong phap RSM 1a nham xap xi (g xur
cua két ciu hay ham trang théi gigi han thanh mot ham hién theo cac bién ngau nhién biang mo
hinh x4p xi da thirc don gian thong qua bo dit liéu mau [8]. Mot sé mé hinh da thic cia RSM
thudng duoc st dung dé xap xi ham trang thai gidi han c6 thé duoc liét ké nhu sau

— Mo hinh x4p xi da thic tuyén tinh
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gN(x):aJanl:bixi (11)
— M6 hinh x4p xi da thirc bac hai khong ké cac thanh phan chéo
g(x)zaJan:bixi +Zn:cixi2 (12)
= i1
—  MBO hinh x4p xi da thtrc bac hai c6 ké cac thanh phan chéo

G(X):a+ibixi+ic +2§du | j (13)

i=1 j=i+l

— Mo hinh x4p xi da thirc c6 bac bat ky va ké cac thanh phan chéo

§(x) = a+ZZbIJ XA % (14)
i=1 j=1 q=1 i=1

trong d6 X = [X1, X2, ..., Xn] 1a vecto chira cac bién ng'fiu nhién; a, b, ¢, d la cac hé sb cua da thic

xap xi.

Céac hé sb a, b, ¢, d cua cac da thirc xap xi s& duoc xac dinh bang phuong phap binh phuong
t6i thiéu Least Square Method thong qua b dir liéu mAu va mo hinh x4p xi. Chi tiét cho RSM,
viéc xac dinh cac hé sb ciing nhu phuong phép Least Square Method c6 thé tim thiy & céc tai
liéu [17]. Chi tiét cho qua trinh danh gia do tin cay str dung RSM c6 thé dugc tim thay ¢ cac tai
liéu [4[5[6[8[11].

3.5 Mang than kinh nhén tao ANN (Artificial Neural Network)

Gidng nhu phuong phap RSM, phuong phap ANN ciing sir dung bo dir liéu miu cia md
hinh bai toan d¢ tao md hinh xap xi cua ham trang thai gisi han hay tng xir cua két cau thng
qua qua trinh huan luyén bo dit liéu mau [7,[9]. Md hinh xap xi ANN dugc dai dién bei 3 yeu t6
bao gom l6p dau vao input, 16p dau ra output va cac 16p an. Két nbi neurons gitta cac 16p la cac
trong so két ndi va gia tri nguéng cua c4c neurons. Chi tiét mé ta phuong phap ANN c6 thé tim
thay o tai liéu [2] va chi tiét cho qua trinh danh gia d6 tin cay st dung ANN ¢ thé dugc tim thay
¢ [11[12[13[14[15[16]. Hinh 8 dai di¢n mot m6 hinh ANN véi dau vao gébm hai bién ngau nhién
va dau ra 1a ham trang thai gisi han.
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Hinh 8. Mot md hinh mang ANN (véi dau vao gom hai bién ngau nhién va dau ra 1 ham trang théi gioi
han) va nguyén ly hoat dong cia mét neuron.

11. Ung dung caia phan tich d tin cay va c4c bai toan lién quan

Cho dén nay, phan tich d¢ tin cay da duoc &p dung rong rai trong nhiéu linh vuc khac nhau.
Trong bai bao nay, chung t6i d& cap dén 3 tng dung phd bién gém cé: (1) ¢tng dung trong cac bai
toan thiét ké tién dinh c6 sin; (2) tng dung trong t6i wu hoa két cau; va (3) tng dung trong viéc
xac dinh céc hé sd an toan.

4.1 Ung dung phén tich dg tin cdy vao cac bai toan thiét ké tién dinh c6 sin

Tir nhitng bai toan thiét ké tién dinh sin c6, dua vao cac budc thuc hién nhu duoc dé cap &
muc 2, ngudi thiét ké c6 thé thanh 1ap bai toan phan tich do tin cay cho két ciu theo phwong an
thiét ké cia minh. Dya vao két qua do tin cay dat duoc, ngudi thiét ké co thé tinh toan duoc do
an toan caa két cau (g véi phuong an thiét ké 1a bao nhiéu phan tram. Tir 6, ngudi thiét ké dwa
ra nhitng nhan xét danh gia cho két cdu nhu: thay d6i phuong an thiét ké, thay doi cac gia tri thiét
ké ctia bai toan, v.v. nham dam bao an toan cho két ciu khi c6 su thay d6i caa cac yéu to dau vao
hoac c6 thé diéu chinh giam chi phi xay dung, phuong an thi cong khi do tin cay qué cao so Vi
y&u cau thiét ké dat ra.

4.2 Tbi wu hoa dua trén do tin cay

Sau khi giai bai toan t6i wu hoa c6 rang budc, nghiém tdi uu dat duge thuong nam ngay trén
ranh giGi cua cac rang budc hay ranh gidi gitta mién an toan va mién khong an toan. Trong
truong hop do, néu ta ké dén su dao dong ngau nhién cua cac bién dau vao, thi nghiém téi vu dat
dugc ciing s& dao dong, va nhiéu trudng hop nghiém tdi wu s& roi vao mién khdng an toan. Trong
mot s6 truong hop, Xac xuat nghiém t6i wu roi vao ving khong an toan la rat cao, cé thé vuot qua
50%. Do d6, viéc két hop giita cac giai thuat tdi wu hoa véi cac phuong phap phan tich do tin cay
& trén dé giai quyét bai todn t6i uu 1a rat can thiét nham gitp ta tim dwoc nghiém téi wu véi do
tin cdy mong muén. Bai toan khi d6 duoc goi 12 bai todn téi wu hoa dwa trén d6 tin cay. V& mat y
nghia hinh hoc, viéc giai bai toan t6i wu hoa dua trén do tin cay s& dong nghia véi viéc di chuyén
nghiém t6i vu nam trén ranh giéi cac rang budc vao sau bén trong mién an toan (mién thoa man
rang buoc). Khi do, néu ta ¢ ké dén su dao dong ngau nhién caa céac bién dau vao, thi nghiém
t6i wu dat duoc ciing s& chi dao dong trong mién an toan véi xac suat an toan do ta xac dinh
truéc. Hinh 9 thé hién sy khéc biét cua nghiém bai toan téi wu chiu sy thay doi ngiu nhién cua
yéu té dau vao khi chua xét dén do tin cay va khi xét dén do tin cay
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Hinh 9. Sy khéc biét caa nghiém bai toan tdi khi chwa xét dén do tin cdy va khi xét dén do tin cay.

4.3 Xdc dinh h¢ sé viret tdi cho tdi trong tac dung va hé sé an toan thiét ké cho khd ndng chiu luc
twong wnQ Vi do tin cdy cho trudc

Hé s vuot tai cho tai trong tac dung va hé s an toan cho kha ning chiu luc twong tng véi
do tin cay cho trude duge xac dinh théng qua cac tiéu chuan thiét ké cua timg nudc. Vai céc tiéu
chuan thiét ké khac nhau thi cac hé sé nay sé& khac nhau. Trong qué trinh tinh toan, thiét ké,
nhitng hé s nay dugc cac k¥ su sir dung mot cach thudng xuyén. Tuy nhién, dé hiéu rd ban chat
ctia cc h¢ sb, ciing nhu viéc sir dung cac hé s6 mot céch hop 1y twong ing véi do tin cay cua
tirng két ciu cu thé 1a diéu khéng dé dang dbi vai hau hét cac Kk su. Thong qua viéc phén tich do
tin cay, cac ky su s& hiéu rd hon nguon gdc cling nhu ban chat cua cac hé s6 dugc sir dung trong
tiéu chuan. Tir 6, ngudi k¥ su co thé cha dong st dung cac hé s6 trong tiéu chuan mét cach hop
ly, phu hop véi ting truong hop thiét ké cu thé cia minh, tranh dugc nhiing trudong hop sir dung
cac he so vdi do tin cay qua I6n lam lang phi cho bai toan thiét ké va nguoc lai str dung cac hé so
véi do tin cay qua thap 1am cho bai toan thiét ké khéng an toan. Chi tiét cu thé cho viéc xéac dinh
c4c hé s6 nay co thé duoc tim thay ¢ tai lisu [3].

5. Thach thirc va trién vong ciia viéc dao tao va \ing dung phan tich d tin ciy trong xay
dung tai Viét Nam

5.1. Thach thirc

Phan tich d¢ tin cay giir vai tro rat quan trong do tinh lién nganh va kha niang ung dung rong
rdi trong nhiéu linh vuc khoa hoc, ky thuat, cdng nghé, kinh doanh va quan ly hién dai. Bang
cach dit ra cic bai toan danh gia do tin cay dua trén cac bai toan thiét ké da c6 san vai dir liéu
tién dinh trude do, va két hop véi cac phuong phap phan tich d tin cay phi hop, chiing ta c6 thé
xéac dinh dugc d6 tin cdy cua cong trinh. Dua vao két qua phan tich do tin cay, ngudi thiét ké s&
c6 co so vimg vang dé danh gia do tin cay (xac suét an toan) cho céc thiét ké tién dinh ciing nhu
cac cong trinh hién hitu hay tién liéu truéc mac d6 an toan cua két cau theo thoi gian, v.v. Tuy
nhién tai Viét Nam, viéc nghién ciru, dao tao va ung dung cta phan tich d¢ tin cay trong khoa
hoc ky thuat n6i chung va trong xay dung noi riéng van chua duoc nhin nhan dung va chua dugc
chu trong tao diéu kién phat trién. Ngay ca trong cac trudong dai hoc hang dau Viét Nam, viéc
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giang day phan tich d¢ tin cdy trong cac chuong trinh dao tao dai hoc va sau dai hoc van con co
nhiéu diém han ché. Mat s6 ly do khach quan cé thé ké dén nhur:

Céc nha hoach dinh chinh sach chua c6 cac chinh sach phu hop trong viéc dao tao nguon
nhan lyc va trién khai tng dung cua Phén tich do tin cay.

Céc Truong dai hoc chua danh gia dang tdm quan trong cia phén tich do tin cy, chwa co
su dau tu va dinh huéng phat trién phi hop cho cac Khoa Toan tng dung. Cac Khoa Toén
g dung thiéu giang vién chuyén nganh vé phan tich do tin cay, thiéu chuong trinh dao
tao va thiéu cap nhat cac kién thic méi.

Nghién ctu lién nganh & Viét Nam van con yéu, thiéu nhitng nha khoa hoc du tim dé két
ndi cac nganh véi nhau nham gén két gitta khoa hoc 1y thuyét chuyén sau véi khoa hoc ting
dung thuc té. Bén canh do6 nang lyc nghién ctu khoa hoc cling nhu kha nang (ng dung
thuc tién trong didu kién thuc té nudce ta van con han ché. Ngoai ra, su ké thira cua doi ngii
nghién ctru trong linh vuc phén tich do tin ciy chua that sy du day, dan dén céc cong trinh
nghién ctru néu co déu rat rai rac, khong tao duoc chudi ké thira phat trién.

Doanh nghiép Viét Nam da phan la cac doanh nghiép vira va nho. Va do d6 chua co du
ning luc dé dau tu cic phong nghién ciru va phét trién (R&D). Dac biét, mot bo phan 16n
cac doanh nghiép chua nhan thic rd sy can thiét nén dau tu vao cac module phan tich do
tin cay va rui ro trong cac hoat dong san xuat, van chuyén, luu kho, tiét kiém chi phi, v.v,
dé cha dong nang cao hiéu suat kinh doanh, tir d6 nang cao sic canh tranh cua doanh
nghiép. Chua c6 su lién két, dit hang giita doanh nghiép va nha khoa hoc chuyén nganh
phan tich d¢ tin cay.

Viéc thu thap, théng ké va phan tich dit liéu ¢ Viét Nam chua dugc quan tim dung mirc, cu
thé nhu cac dir liéu vé dia chat, cudng do va tan suat xuat hién cua gié bio, dong dat, 1i lut,
c4c loai tai trong khac tac dong 1én két ciu cong trinh, v.v cia tirng ving va timng khu vuc
van chua duoc thong ké va phan tich cuy thé.

Viéc 1am chu cdng nghé tinh toan trong xay dung cua Viét Nam van con khiém tén. Hau
nhu, cac don vi thiét ké xay dung déu sir dung phan mém thuong mai dé tinh toan, thiét ké.
Vi vy, viéc dua cac dit liéu phuc vu cho viéc phén tich d6 tin cay vao bai toan thiét ké cua
cac don vi xay dung s& gap nhiéu kho khan vi hau hét cac phan mém thuong mai thuong
khdng tich hop san cac module phan tich do tin cay.

Qua trinh phat trién, Chuén hoa va dua cac két qua phan tich do tin cay vao tiéu chuan xay
dung cta Viét Nam van con mot Chang du’O’ng dai. Doi hoi phai c6 nhiing chuong trinh
nghién cuu trong diém cép nha nudc, va can ¢ cac tong cong trinh su gioi dé to chuc va
phdi hop cong viéc nham thu thap va théng ké di liéu, dao tao doi ngii chuyén gia, phd cap
cho doi ngii ky su xay dung.

5.2. Trién vong

Nhitng thach thirc va kho khan hién tai cua nén kinh té budc cac nha l1am chinh sach phai

thay d6i cac mé hinh hoat dong, chuyén mé hinh phéat trién tir bé rong sang mé hinh phat trién
theo chiéu sau, chl trong hon nira phat trién nén kinh té tri thirc nham nang cao ham luong chét
X&m va gia tri gia ting trong cac hoat dong kinh té, dao tao, khoa hoc, gi4o duc, v.v. Pay ciing 1a
thoi diém thich hop dé cac doanh nghiép tién hanh tai co cau theo hudng kinh té tri thic va nang
cao trinh d quan tri, hoi nhap va phat trién. Nhiing thay doi nay sé 1a diéu kién va 1a méi trudng
thuan lgi dé phat trién cac nhu cau méi lién quan dén phan tich do tin cay va rui ro.
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Do tinh lién nganh, thi truong dao tao va tng dung caa phan tich do tin cdy tai Viét Nam rat
rong va hoan toan mg. Cac huéng nghién ctu caa phan tich do tin cdy tinh toan ciing rt da
dang, phong pht, vira mang tinh hoc thuat, vira mang tinh @ng dung thuc tién. Bén canh do, &
cac truong dai hoc va vién nghién ciru ciing d3 mé ra nhiéu chuwong trinh ddo tao sau dai hoc tao
moi truedng thuan loi cho phat trién dao tao va nghién cau tng dung cua phan tich do tin cay.

5.3. Kién nghi

Vi tam quan trong cua phén tich do tin cdy va rai ro dic biét 1a trong linh vuc xay dung,
van dé ngudn nhan luc giang day va nghién cau can duoc quan tam trude tién. Vi vay, tac gia
kién nghi dua mon hoc Danh gia do tin cay vao cac chuong trinh dao tao dai hoc va sau dai hoc.
Ngoai ra, cc nha hoach dinh can c6 céac chinh sach khuyén khich viéc dao tao va tng dung phan
tich d¢ tin cay dé co céc chién luoc phat trién ddng bo va lau dai. Cac trudng Pai hoc va Vién
nghién ciru can c6 chién luoc dau tu ngudn giang vién va nghién cuu vién chuyén sau phan tich
do tin cay. Bén canh dé, phan tich d¢ tin cay can c6 doi ngii chuyén thong ké va phan tich dir liéu
Vvé cac yéu té cua dét nén, gié bio, dong dat, v.v dé phuc vu cho cdng tac nghién cau, giang day
va chuan héa thanh cac tiéu chuan thiét ké tng dung vao nganh xay dung o nuéc ta hién nay. Tir
d6 gop phan dua céc tiéu chuan thiét ké xay dung cua Viét nam hoi nhap véi cac tiéu chuan hién
dai khac trén thé gigi.

6. Két luan

Théng qua bai bao nay, tac gia mong mudn gidi thiéu va nhan manh vai tro quan trong cua
phan tich d6 tin cay dén cong dong nha khoa hoc, nha nghién cau, giang vién cua nganh Xay
dung. Truéc mat, tac gia hy vong rang sy can thiét cua viéc dao tao va tng dung cua phan tich
do tin cay s& ¢ mot tac dong nhat dinh dén cac chuong trinh dio tao sau dai hoc cia cac nganh
lién quan dén Xay dung, va sau do sé& lan toa dén nhiéu nganh khoa hoc khac. Va lau dai hon,
cling véi su phét trién cia dao tao va gido duc, tac gia mong muén viéc phan tich do tin cay s&
duoc trién khai trong thyc tién doi séng, trong cac doanh nghiép, va trong nhiéu linh vuc cia nén
kinh té nham dong gop mot cach thiét thuc dén sy phat trién cua dat nudc.
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