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1. Phan hi¢u Truong Pai hoc Giao thdng Vdn tai tgi TPHCM

Tom tait
Nano carbon ciing nhw nhing tinh chdt dac biét ciia né da thu hit sw quan tdm nghién
ciu va ieng dung trong nhiéu linh vuc khac nhau. Hién nay, nhu cdu siz dung cac sdn
pham bé téng tinh ndng cao trong xdy ding ngdy cang tang, vi vy Viéc sir dung nano
carbon dé cai thién mét sé tinh chdt cia bé tong nhya sé mang lgi hiéu qua vé kinh té -
ky thudt va bao vé méi trirong. Bai bao ndy gidi thiéu cac két qua nghién cizu siz dung
nano carbon dé lam phu gia nham tang cuong dg cho bé tong nhya.

1. Pit van dé

Nano carbon c6 dang hat, dang soi hoic dang dng, trong d6 dang dng duoc sir dung dé
nghién ciru 1am phu gia cho bé téng nhua Ia pho bién (De Melo va nnk., 2018; Hassan Latifi
va nnk., 2018; A. Akbari Motlagh va nnk., 2012).

Vit liéu nano carbon dang dng (CNTSs) voi duong Kinh & kich thuéc nm (Hinh 1, 2), c6
chiéu dai tir vai nm dén pm. Ong nano carbon dugc phat hién vao nim 1991 bai Lijima. Ong
nano carbon gém hai loai chinh:

+ Ong nano carbon don tudng (SWCNT) ¢6 ciu trac nhu mot tim graphene cudn tron
lai thanh hinh try lién.

+ Ong nano carbon da tudng (MWCNT)CO cau trac nhu nhiéu tim graphene 1ong vao
nhau va cudn lai hoac mot tam graphene cudn lai thanh nhiéu 16p.

Hinh 1. Vat liéu nano carbon dang ong Hinh 2. Ong nano carbon don twong,
da twong
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CNTs c6 do cang Ion, chéng mai mon tot, nhe nén thudng duoc st dung dé gia cuong
trong cac vat liéu composite nhu CNTs vai polymer, CNTs véi cao su, hoac CNTs vai kim
loai dé ting cuong do bén, do chdng mai mon... Pay la dic diém quan trong gidp cho vat lidu
nano carbon duoc sir dung 1am chat phu gia cho bé téng nhwa.

2. Két qua nghién ciu sit dung cac 6ng nano carbon l1am phu gia cho bé
tong nhya
2.1. Kiém tra, ddnh gid két qud vt liéu ddu vao

Cét ligu 16n: @4 dung ché tao BTNC 12,5 gém ba loai c6 ngudn gbc tir mo Tan Pong
Hiép, Binh Duong: da 0x5; da 5x10; da 10x16.

Bot khoang: bot khoang c6 ty dién rat I6n, vao khoang 250-300m?/kg, né cé &i luc
manh v&i nhua, bién nhya vén & trang thai khéi, giot thanh trang thai mang mong, bao boc
cac hat khoang vat. Bot khoang c6 tac dung nhu mot chat phy gia 1dm cho nhwa ting thém do
nhét, thém kha nang dinh két, tang tinh on dinh nhiét.

Nhya duong: sir dung loai nhya duong dac ndng 60/70 cua Petrolimex.

Str dung vat liéu CNTs da twong cung cap béi Trung tm Nghién cau Trién khai, Khu
Cong nghé cao, Quan 9 (cii), TP H6 Chi Minh. Vit liéu CNTs da tuong dugc dung trong bao
bi, tranh am.

Viéc bd sung CNTs vao trong bé tdng nhya s& gilp cai thién dang ké cac dic tinh co
hoc cua bé tdng nhua, vi CNTSs 6 thé hoat dong nhu nhitng cau ndi hiéu qua dé giam thiéu va
han ché sy lan truyén cua cac vét nit nho trong hdn hop. Tuy nhién, dé dat duoc hiéu qua tot
nhat, CNTs can phai duoc phan tan tét (déu) trong nhua dudng dé tao ra moi lién két tot nhat
trong bé téng nhya. Bé dam bao phan tn CNTs mot cach dong déu nhat, tac gia sir dung
phuong phap tron udt, st dung ky thuat phan tan siéu am:

+ Cho CNTSs vao dung méi dé danh tan nham pha v& mach cua CNTSs bang thiét bi danh
siéu am.

+ Nhya duong duoc say 1én dén nhiét do 150°C, cho CNTs (da pha v& mach cling Véi
dung m6i) vao va st dung may khoay tron dé CNTs duoc phan tan déu trong nhya duong.

+ Thiét bj pha tron CNTSs véi nhwa duong trong phong thi nghiém biéu thi trén Hinh 3, 4.

Hinh 3. Thiét bi khudy trén Hinh 4. Thiét bj danh siéu am

Két qua phan tan vat liéu CNTSs vao nhya duong nhu Hinh 5.
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S-4800 10.0kV 8.0mm x15 0k SE(M)

Hinh 5. Két qua phdn tin CNTs vao nhira dwong khi soi chiéu trén kinh hién vi N
Nhdn xét: Hinh 5a (rng v&i ham lwong CNTs 0,05%, anh SEM d6 phong dai cua mau
chup 10.000 lan cho thiy CNTs phan tan déu vao trong nhua duong. Tuong tu véi Hinh 5b
ung V&1 ham lugng CNTs 0,1%.
Sau khi c6 mau nhwa da tron CNTSs ta tién hanh ché bi cac mau thi nghiém chinh thic.
2.2. Két qud thi nghiém nhuwa dwong
Tién hanh cac thi nghiém cho nhya dudng véi cac ty 1& nano carbon khac nhau: 0; 0,05;
0,1 va 0,15%.
Két qua thi nghiém nhu Bang 1.
Bdang 1. Két qud thi nghiém nhya dieong véi céc ty Ié nano carbon khac nhau

bon vi K&t qua thi nghiém (F'J’ng Véi cac ty 18
STT Hang muc thi nghiém do nano carbon khéc nhau, %
0 0,05 0,1 0,15
60,0 52,0 50,0 51,0
1 | Do kim lan - 100g & 25°C, 5 giay 0,1mm 60,0 53,0 50,0 51,0
61,0 52,5 49,0 50,0
2 | Chisé dokim ltn Pl -0,92 -0,89 -0,88 | -0,90
N o 0 47,7 49,6 50,5 50,5
3 Nhiét d6 hoa mém (dung cu vong bi) C 477 295 525 50.0
4 | Do nhét dong luc hoc & 60°C Pa.s 256 267 272 269
5 | Po kéo dai & 25°C - 5cm/phit cm >100 >100 >100 | >100
6 Ham lugng Paraphin % 1,52 1,55
7 | Piém chdp chay (coc mo Cleveland) °c 340 353 355 351
8 Do hoa tan trong Trichloethylene % 99,55 99,58 99,56 99,48
9 | Khéi luong riéng & 25°C glem® 1,034 1,034 1,034 | 1,035
10 Céc chi tiéu thi nghiém trén mau nhya sau khi thi nghiém TFOT (Thin film oven test): Ché bi mau
theo ASTM D1754
10.1 | Tén thét khdi luong % 0,04 0,05 0,06 0,03
Ty 1& d0 kim 14n con lai so véi do kim %
102 |2 e ; original 72,32 75,94 80,85 | 78,49
10.3 | D6 kéo dai ¢ 25°C - 5cm/phut cm >50 79,8 82,2 80
11 | P dinh bam voi da cap 3 3 3 4
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Két qua mau vat liéu dat yéu cau theo thong tu s6 27/2014/TT-BGTVT.

2.3. Thi nghiém dg én d@inh Marshall (V6 Hong Lam va nnk., 2019)

Vat liéu va cac thi nghiém duoc thuc hién tai Phong hi nghiém trong diém buong bo 111

Sau khi c6 két qua kiém tra vat liéu dau vao, tién hanh cong tac thiét ké cap phdi bé tong
nhua theo phuong phap Marshall (Vién Khoa hoc va Cong nghé Giao théng Van tai, 2011).

Pudng cong cip phdi dugc st dung dé thiét ké hdn hop BTN trong nghién ctu nay biéu
thi trén Hinh 6.

Biéu db cép phdi BTN C12.5
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Hinh 6. Puwong cong cdp phai hdn hop sau khi phai trén
Lan luot chon cac ham luong nhua 14 3,5%; 4,0%; 4,5%; 5,0%; 5,5% dé tién hanh duc
mau thi nghiém céc chi tiéu co 1y, chi tiéu Marshall nham xac dinh ham luong nhya téi vu cia
BTNC12.5 str dung nhya 60/70. Tir két qua thi nghiém lya chon dugc ham lwong nhya tbi uu
cua hon hop 14 5,26%.

Sau khi x4c dinh duoc ham lugng nhua téi wu, tién hanh tron thém CNTSs vao nhua
duong véi ham lugng tang dan: 0,05%; 0,1%; 0,15%; 0,2%; 0,25% so véi khdi luong nhya.
Sau d6 tién hanh tao mau hén hop BTNC12.5 nhy Hinh 7.

s

Hinh 7. Ché bj mdu véi céc ty 1¢: 0%:; 0,05%; 0,1%;, 0,15%; 0,2% va 0,25% CNTs thém vao
trong nhua dwong
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Két qua thi nghiém d6 6n dinh Mashall (Vién Khoa hoc va Cong nghé Giao théng Van
tai, 2011) duoc théng ké trén Bang 2.

Bdng 2. Két qua thi nghiém cac chi tiéu ky thudt BTNC 12.5 ¢6 sir dung CNTs

o7 | Ham lwong ’!\(I’,l(;ii lugng _ _Pfhéi lugng Do rong Do on dinh Do déo
CNTs (%) |theé tich, (g/cm?) | riéng, (g/cm®) | du (%) Marshall (KN) Marshall (mm)
1 0 2,367 2,515 5,90 11,55 3,49
2 0,05 2,368 2,515 5,86 11,95 3,87
3 0,1 2,368 2,515 5,82 13,25 3,95
4 0,15 2,368 2,515 5,82 13,63 3,94
5 0,2 2,374 2,516 5,64 14,15 3,89
6 0,25 2,403 2,519 4,58 15 3,84

Nhu vay két qua thi nghiém céc chi tiéu ky thuat & trén thoa man cac chi tiéu ki thuat
y&u cau cua TCVN 8819:2011 (Vién Khoa hoc va Céng nghé Giao thdng Van tai, 2011). Tu
két qua thi nghiém trong Bang 2 cho thdy do 6n dinh Marshall ciia bé tong nhya ting theo
ham luong CNTSs tron vao nhya duong. Cu thé khi thém 0,1% CNTs thi do 6n dinh ting
14,7%; thém 0,25% CNTs thi do on dinh ting 29,9%. Diéu nay cho thiy CNTSs cai thién duoc
d6 bén caa bé tong nhya.

Hinh 8 thé hién két qua thi nghiém do 6n dinh con lai theo TCVN 8819:2011.
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Hinh 8. Bé én dinh con lai theo cdc ham lirong CNTSs khac nhau

Tir két qua thi nghiém do 6n dinh con lai theo Hinh 8 cho thay: khi ting ham luong
CNTSs vao nhya duong tir 0% dén 0,25%, thi d 6n dinh con lai ting rd rét tir 78% dén 96%.
Vi két qua nay cho thay néu sir dung loai BTN nay trong méi truong 4m wét thi tudi tho caa
két cau 4o duong sé& cai thién dang ké.

C6 thé tam thoi thiét 1ap méi lién hé giira d6 6n dinh con lai va ham lwong CNTSs hdi
quy theo quy luat ham tuyén tinh nhu biéu thirc (1) vai hé s6 R binh phuong 14 0,99.

TSR=70,57xCNTs+78,93 (1)

Trong d6: TSR: do 6n dinh con lai (%); CNTs: ham lugng Nano carbon trong nhya
duong (%).

2.4. Thi nghigm ép ché (V6 Hang Lam va nnk., 2019)

Phuong phéap ché tao mau bé tong nhwa C12.5 & day 1a tron thém CNTSs vao nhya duong
Véi ty ¢ lan Tuot 1a: 0%; 0,05%; 0,1%:; 0,15%; 0,2% va 0,25% vé mat khdi lugng. Chuan bi mau
Marshall tiéu chuan d=101,6 mm + 0,25mm, h=63,5mm + 1,3mm .Thi nghiém ép ché thyc hién
theo TCVN 8862:2011 (Vién Khoa hoc va Cong nghé Giao théng Van tai, 2011).
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Hinh 9. Mdu thi nghiém sau ché b chudn bj Hinh 10. Ep ché mau thi
ép che
Két qua thi nghiém nén ép ché theo cac ham luong CNTs khac nhau duoc thé hién trén
Hinh 11.
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Hinh 11. Thi nghiém cuong dé nén ép ché theo cac ham lwong CNTs khac nhau
Nhan xét: Tur két qua thi nghiém cho thay cuong d ép ché ctia bé tong nhya ciing ting
theo ham lugng CNTs. Cu thé, khi tron thém 0,1% CNTs thi cuong do ép ché tang 6%; khi
tron thém 0,25% CNTs thi cuong do ép ché tang 28,8%. Cuong d6 ép ché BTN tang nhanh
theo ham lugng CNTs tron vao trong nhya duong.

2.5. Khd ning khdng lin vét banh xe (V6 Hong Lam, 2019)

Thi nghiém han lin vét banh xe dugc tién hanh theo Quyét dinh s6 1617/QD-BGTVT
trong mdi trudng nude & nhiét dd 50°C. Mau thi nghiém véi kich thude 320x260x50mm cho
cac ham luong CNTs cia lan lugt 12 0%; 0,1% va 0,15%. Thi nghiém trong phong vé do lun
vét banh xe bang thiét bi HWTD (Hamburg Wheel Tracking Device).

Hinh 12. Mdu sau khi chay HLVBX: (a) khong st dung CNTSs; (b) 0,1% CNTSs; (c) 0,15%CNTs
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O 15.000 chu ky tac dung cua tai trong, chiéu sau han 1Gn vét banh xe cua mau thir 6 tir
0,1% va 0,15%, CNTSs lan luot 1a 4,1mm va 2,0mm (giam tir 59% dén 80% so v4i mau thi
khong cd CNTSs).
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Hinh 13. Chiéu sau han 1dn vét banh xe véi cdc ham hrong CNTs khéc nhau

Theo két qua so sanh chiéu sau han 1n vét banh xe (Hinh 13) cua cdc mau BTN c6 s
dung va khong sir dung CNTSs tai 15.000 chu ky tac dung cua tai trong cho thay: khi thém
0,1% va 0,15% CNTs vao BTN, chiéu sau han 1an vét banh xe lan luot 12 4,1mm va 2,0mm
(giam tir 59% dén 80% so véi mau thir khéng c6 CNTS).

2.6. Két qud thi nghiém mé dun dan héi tinh

Viéc ché tao mau bé téng nhya C12.5 dé thi nghiém mo dun dan hoi tinh véi cac ham
lugng CNTSs thém vao nhya dudng lan luot 1a: 0%; 0,05%; 0,1%:; 0,15%; 0,2% va 0,25% vé
mat khéi lwong. Thi nghiém mé dun dan hdi thuc hién theo huéng din cua Phu luc C —
22TCN211-06 (Bo Giao théng Van tai, 20086).

Két qua thi nghiém mé dun dan hoi duoc thong ké trén Bang 3.

Bdng 3. Két qua thi nghiém mé dun dan hoi BTNC12.5 ¢6 sir dung CNTs

Ky hiéu mau Kich thwéc midu, mm | Thétich | Khéilweng | Khéilwgng thé tich kho, g/cm?
H D méu, cm’ mau, g Thi nghiém Trung binh
M1 102,9 101,6 833,8 1904,3 2,284
M2 102,7 101,6 832,2 1906,3 2,291 2,281
. Gia tri mé dun dan héi (Ung véi cac ty 1§ CNTs khac nhau, %)
STT Donvi 0 0,05 01 0,15 0,2 0,25
1 MPa 452 481 526 542 574 587
Psi 65,555 69,756 76,224 78,666 83,250 85,108

Tir két qua thi nghiém trong Bang 3, ¢6 c4c nhan xét nhu sau:

— Gia tri m6 dun dan hoi caa bé tdng nhya ting theo ham lugng CNTS tron vao nhua
duong. Cu thé khi thém lan luot 0,05; 0,1; 0,15; 0,2; va 0,25% CNTs thi mé dun dan hdi cua
bé tdng nhya tang lan luot 1a 6,4; 15,4; 17,1; 22,5 va 23,5% so voi mau bé tong nhua khong
c6 CNTs. M6 dun dan hoi ciia bé tong nhya ting nhiéu nhat khi gia c6 CNTs ¢ ty 1€ 0,1%.
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— C6 thé thiét 1ap mdi lién hé gitra gia tri mo dun dan hoi cua bé tong nhya va ham
lwong CNTs hdi quy theo quy luat ham tuyén tinh nhu biéu thic (2) véi hé sé R binh phuong
la 0,976.
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Hinh 14. Biéu do twong quan giiva mé dun dan hoi bé tong nhua va ham lrong CNTS
Phuong trinh twong quan:
Eqgn = 554,29%A + 457,71 (2)
Trong d6: Eqy: gid tri mé dun dan hdi cua bé téng nhua, Mpa;

A: ham lugng CNTs trong nhya duong, %.

3. Két luan

Qua qué trinh nghién ctru 1y thuyét va thuc nghiém trong phong thi nghiém, cé thé rit ra
mot s6 két luan nhu sau:

— Budc dau nghién ciru cho thiy viéc tron thém cac dng nano carbon (CNTs) vao nhya
duong ché tao bé tong nhya voi mot ham lwong hop 1y (tir 0,05-0,25%) s& lam ting do 6n
dinh Marshall cling nhu cuong do €p ché cua bé tong nhuya.

— Két qua nghién ctru cho thiy viée st dung cac 6ng nano carbon lam phu gia cho bé
tong nhya véi ham lugng tir 0,1% dén 0,15% ciing 1am giam dang ké han lin vét banh xe cho
bé tong nhua (giam tir 59% dén 80% so v&i mau thr khéng co6 CNTs). Do vay, trong diéu
kién khu vuc ngap nudc va niang néng nhu & Thanh phd HO Chi Minh hién nay néu st dung
loai phu gia nay dé ché tao BTN 1am 16p mit cho két cdu 40 duong mém sé& 1a mot giai phép
het stc hiru hi¢u trong viéc gia cuong kha nang khang lin cling nhu’ giam pha hoai cia két
céu mat duong dudi tdc dung cua tai trong xe chay va moi truong am uot.

— Ngoai ra, viéc tron thém CNTs vao nhya duong ché tao bé tong nhya véi mgt ham
luong hop 1y (khoang 0,1% theo khdi lwong nhwa duong) s& lam ting moé dun dan hoi cua bé
tong nhya len 15,4%, dong nghia véi viée co thé giam duoc chiéu day cua 16p bé tong nhua
trong két ciu 40 duong mém.
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Str dung vat li¢u CNTs lam phu gia cho bé tong nhya s€ lam tdng gia thanh cua bé tong

nhya. Tuy nhién, vi¢c sit dung CNTs da lam thay ddi cuong dé cua bé tong nhya theo xu
hudng tich cuc, vdi mot lwong nhd CNTs dugc thém vao thi cuong do tang 1én 16 rét, do do
két cdu mat duong st dung bé tong nhua c6 phu gia CNTs s& ¢6 chiéu day mong hon nén gia
thanh vé két cdu c6 thé chénh léch khong nhiéu. Khuyén cdo nén str dung ham lwong CNTs tir
0,05-0,1% dé dat dugc su hop 1y vé kinh té — ky thuat.
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NGHIEN CUU SU DUNG NANO SiO, PIEU CHE TU TRO TRAU
LAM TANG MOT SO CHI TIEU CO LY BE TONG XI MANG

Tran Hiru Biang', Nguyén Hai Linh', Phi Thi Tuyét Nga'
1. Truong Pai hoc Thu Dau Mgt.

TOm tait

Bai bao trinh bay vé viéc sir dung nano SiO, (NS) diéu ché tir tro trdu lam phy gia
khodng cho bé téng xi mang (BTXM). Két qua nghién cizu cho thay khi siz dung nano
SiO, ham lwong tir (0 + 2)% theo khéi heong xi méng, da lam tang cwong do nén, ting
kha néang chong tham ion clo cia bé téng, ting hé so tham va dg tham sau khi BTXM si
dung NS (mitc d6 giam dé tham) so véi BTXM théng thwong. Piéu nay lam ting kha
nang wng dung cua BTXM su dung phu gia khoang NS, gidm ham lwong xi mang trong
bé tong, tang lrong sir dung phé thdi tir tro trau, gidp giam thiéu 6 nhiém méi trueong,
ddp 1ng nhu cdu phat trién bén viing trong xay dung cong trinh.

1. Pit van dé

Hién nay cac nghién ctu st dung NS 1am phuy gia dé ting chét lugng caa BTXM da dugc
thyc hién & nhiéu nudc trén thé gisi nhu My (Said va nnk, 2009; Schoepfer va nnk, 2009;
Konstantin Sobolev va nnk, 2006), Italy (Khanzadi M va nnk, 2010) va Trung Quéc (Ye Q va nnk,
2007; Li G. va Zhao X., 2003). Viét Nam la nudc ndng nghiép c6 san luong lda I6n, lugng vo trau
thai ra hang nam rat nhiéu. Giai phap str dung NS diéu ché tir tro trdu lam ting chat luong cua
BTXM s& mang lai hiéu qua cao. Trong cong trinh nghién ciu (Tran Hitu Bang, Lé Vin Béch,
2017), vat liéu NS diéu ché tir tro trau khu vuc mién Tay Nam Bo cho thay vt liéu sir dung NS
dat két qua cudong do kéo ubn, nén cao hon so voi mau thong thuong. Cac hat NS cd thé lap day
céc 16 rdng trong cau tric gel C-S-H va hoat dong nhu mét hat nhan dé lién két chat ché va 1am
tang tinh bén viing cua cac hat gel, tir d6 gitp cai thién tinh co hoc va ting do bén viing cua mau
vira xi mang nano SiO,. Trong cong trinh nady, chung toi nghién ctu anh huong cia ham lugng
NS dén cuong d6 nén, kha ning chong tham ion clo, hé s6 tham va do thim sau caa BTXM véi
cudong do nén chiu nén 1a 50 MPa ciia mau thir & 3, 7 va 28 ngay tuoi.

2. N§i dung chinh

Thi nghiém duoc tién hanh & phong thi nghiém vat liéu xay dung LAS-XD 238 — Trung
tam Nghién ctru Cong nghé va Thiét bi Cong nghiép ctia Truong Pai hoc Bach Khoa TP HCM;
Phong thi nghiém Kiém dinh X4y dung LAS-XD 498 cua Lién hiép Khoa hoc Dia chat Kiém
dinh Nén moéng Xay dung Sai Gon va Phong Thi nghiém Vat liéu Xay dung LAS-XD 143,
Vién Khoa hoc Thity lgi Mién Nam (Nguyén Van Hung va nnk, 2015).
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2.1. Vit ligu thi nghiém
2.1.1. Nano SiO, diéu ché tir tro trau

Nguyén lidu tro trau dugc ldy tir cac nha may cdng nghiép khu vuc mién Tay Nam B9,
cu thé 1 tai Nha may Gach khdi Tan Ky Nguyén toa lac tai Khu Céng nghiép Thinh Phat,
huyén Bén Luec, tinh Long An. Cac hoéa chét chinh dwoc st dung trong thuc nghiém 13 NaOH
va HCI ciia hing Xilong, Trung Quéc. NS sir dung trong cong trinh nghién ciru nay duoc diéu
ché tir tro trau tai phong Cong nghiép Hoa — Mai truong, Vién HAUI, Truong Pai hoc Cong
nghiép Ha Noi. NS thu duoc & dang bot, mau tring rat min (Hinh 2). Bé xac dinh mét sé tinh
chat dat trung cta vat liéu NS cac thtr nghiém EDX, XDR, SEM, TEM, BET di duoc tién
hanh (Nguyén Vin Hung va nnk, 2015).

. 2

Hinh 1. Tro trdu sau khi dwoc nghién déu qua

B Hinh 2. Bét nano SiO, thu dwot tir tro trau
ray va say kho

003

600 Element (keV) Mass% Atoms
c K 0.277 8.44 13.31 3 l
500 | S K 0.525 as8l91 57 .92
si K 1i.739 a2.é6 28.78 3
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Hinh 3. Phé EDX va thanh phdn céac
nguyén té trong mau SiO;

Hinh 4. Gidn do XRD cuia mau SiO,

Eé%i%ééiéi%%

Sbstes Pripmem. B0

Hinh 5. Buong biéu dién toa H|n 6. AnhSEM cuia mau H|nh 7. Anh TEM cia mau
dé BET cua mau SiO; SiO; SiO;

Nhdn xét: Két qua ghi phé EDX (Hinh 3) cho thay, vat liéu SiO, c6 thanh phan nguyén
tir chu yéu 1a Si (28,78%) va O (57,92%), ty 1¢é % nguyén tir Si:O x4p xi 1:2. Nhu vay, vat lidu
Si0, diéu ché duoc khé tinh khiét. Két qua XRD (Hinh 4) cho thdy, mau nghién ctu ton tai
chu yéu ¢ dang pha tinh thé. Bén canh pha tinh thé mau SiO, con xen 1an mét it pha SiO, v
dinh hinh. Két qua BET (Hinh 5) x4c dinh duoc dién tich bé mit riéng cua nano SiO,~258,3
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m?/g. Két qua SEM (Hinh 6) va anh TEM (Hinh 7) cho thdy, vat liéu NS diéu ché tir tro trau
c6 kich thudc hat bé (khoan 10 dén 15 nm); SiO, & dang tinh thé gdm nhiéu hat nho két ty lai
v6i nhau tao nén cac khéi SiO; o cau trdc xdp. Pay 1a dat diém quan trong gidp cho vt liéu
NS tach tir tro co dat tinh hap thu tét cling nhu gitp ting nhanh qua trinh khoang héa khi st
dung lam chat phu gia cho BTXM (Nguyén Vin Hung va nnk, 2015).

2.2.2. Xi mang

Xi ming dung trong nghién cttu nay 1a loai PC40 cua Ha Tién céc chi tiéu chat luong
ctia xi ming véi thanh phan khoang chat duoc thé hién (Bang 1) dwoc nha san xuat dua ra phi
hop véi tiéu chuan quy dinh yéu cau k§ thuat cua xi mang Poéc Lang - TCVN 2682:20009.

Bdng 1. Khoang vt cua xi mang Ha Tién PC40

CsS C,S C:A C,AF
51,74 24,20 8,16 10,35

2.1.3. Cot ligu

Mau vat liéu duoc lay tryc tiép tai Nha may Bé tong twoi Thé Giéi Nha toa lac tai Quan
9 (cii), Thanh phé H6 Chi Minh (Hinh 8).
‘-l‘\‘:‘l - B

sy 7 "\
- \@‘1‘ ‘EL’: e = ! .'( o
Zdand

Hinh 8. Ldy mdu vat liéu cat + d4 tai Tram tron bé tong Thé Gigi Nha

e

— C6t lidu nho duoc sir dung 1a cat duoc 1dy mau tir long hd Tri An, huyén Vinh Ciru,
tinh Pong Nai phul hop cac chi tiéu co 1y duge quy dinh trong Bang 2, phi hop va dat yéu cau
k¥ thuat cot liéu cho bé tong va vira theo TCVN 7570:2006.

Bing 2. Cdc chi tiéu co ly cat ciia huyén Vinh Ciiu, tinh Pong Nai

TT Tén chi tiéu Pon vi Két qua Phwong phap thir
1 Khdi lugng riéng glcm?® 2.66 TCVN 7572-4:2006
2 Thé tich x6p Kg/m?® 1.51 TCVN 7572-6:2006
3 Do hut nude % 0.42 TCVN 7572-4:2006
4 Mb dun d6 16n - 2.66 TCVN 7572-2:2006
5 Ham lugng bin sét % 0.95 TCVN 7572-8:2006
6 Ham lugng ion CI % 0.027 TCVN 7572-15:2006
7 Ham lugng mica % 0.35 TCVN 7572-20:2006

— Cbt liéu 16n duoc sir dung la da dam tai Tan Pong Hiép, Binh Duong phu hop cac chi
tiéu co 1y duoc quy dinh trong Bang 3, phu hop va dat yéu cau ki thuat cdt liéu cho bé tong
va vira theo TCVN 7570:2006.
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Bdng 3. Cac chi tiéu co ly da dam Dmax=19mm o Tan DPong Hiép, Binh Duong

TT Tén céc chi tiéu Pon vi Két qua Phuong phap thir
1 Khdi lugng riéng glem® 2.78 TCVN 7572-5:2006
2 Khdi lugng thé tich glem® 1.65 TCVN 7572-6:2006
3 Do hut nuée % 2,18 TCVN 7572-5:2006
4 Do rong 47.97 TCVN 7572-6:2006
5 Hat thoi det % 10.13 TCVN 7572-13:2006
6 D06 mai mon LosAgeles % 24.76 TCVN 7572-12:2006
7 Ham lugng bun sét % 0.61 TCVN 7572-8:2006
8 Ham lugng phong hoéa % 2.05 TCVN 7572-13:2006

2.1.4. Phy gia siéu deo

Thi nghiém st dung phu gia Sika Viscocrete 3000-20 1a chat siéu hoa déo cong nghé
cao gdc polyme thé hé thir 3 v6i hiu qua tao do xdp va gitip bé tong bom duoc dé dang. Sika
Viscocrete 3000-20 vuot trdi nhd vao kha ning giam nudce cuc cao, tao dd chay 1ong tét trong
khi van giir do két dinh t6i wu cho hdn hop. Phu gia nay dap tng tiéu chuin quy dinh phu gia
hda hoc cho bé tong theo TCVN 8826:2011.

2.1.5. Nuoc

Nudc st dung dé tron va bao dudng BTXM phai 1a nuéc udng duoc, khéng 1an dau ma,
mudbi, axit, kiém va bat ky chat nao gay hu hong cho bé tong. Nudc ding dé ché tao BTXM
trong thi nghiém dap tng TCVN 4506:2012.

2.2. Thiét ké hén hep bé tong

Céc phuong phap thiét ké thanh phan bé tong dugc sir dung rong rai hién nay 1a: phuong
phép ACI cua Vién bé tdng Hoa Ky, phuong phap cia Ban Moi truong Anh (The British
Deparment of the Environment), phuong phap “Dreux — Gorisse” cta Phap, phuong phap
Modooc (L.J. Murdock) cua Anh, phuong phap ciia Hoi dong bé tong Podc Lang (The New
Zealand Porland Concrete Institute), phurong phap “Blomey Skramtaev” cua Nga,... Mdi phuong
phap déu cd pham vi tng dung riéng. Trong cong trinh nay sir dung thanh phan bé tong gbc
duoc lya chon so bo theo tiéu chuan ACI 211.1 véi f¢ = 50 MPa. C6 3 loai bé tong duoc ding
dé nghién ciru tuong tng voi 3 ham lugng NS 1a (0; 0,5; 1,0; 1,5; 2,0)% theo khéi lugng xi
mang ban dau. Ty I& thanh phan céc vat liéu trong hdn hop bé tong dugc dua ra & Bang 4.

Bdng 4. Cap phdi bé tdng 50 Mpa siz dung phu gia nano SiO- (tinh cho 1m? bé tong)

Ky hiéu X NS Nuéc Cat ba Phu gia Sika Viscocrete 3000-
mau (kg) (kg) (Iit) (kg) (kg) 20 (lit)
NS 0% 454 0 168 630 1167 4,23
NS 0.5% 451,73 2,27 168 630 1167 4,23
NS 1% 449,46 4,54 168 630 1167 4,23
NS 1.5% 447,19 6,81 168 630 1167 4,23
NS 2.0% 444,92 9,08 168 630 1167 4,23

2.3. Trgn va diic mdu bé tong

Bé tong duoc tron trong may tron cudng bic ¢ nhiét do phong 1a 30°C. NS duoc tron
déu vao trong nudc bang may tron vira tbe do cao, sau d6 db vao trong pha kho (d4, cat, xi

139



ming) da duoc tron déu va tién hanh tron trong vong 1 phat. Tiép theo thém phu gia siéu déo
VA0 VA tron trong vong tir 1-2 phat dén khi hdn hop bé tong dong déu. Sau do6 tién hanh diic
mau nén hinh try kich thuéc (150x300) mm dung thi nghiém cho (3, 7 va 28) ngay. Mau hinh
tru (100%200) mm dé xac dinh d6 tham ion clo va mau thi nghiém d6 chong thAm nuéc hinh
tru (150x150) mm & tudi 28 ngay. Cac mau bé tong sau khi diic dugc pha 16p vai trén bé mat
dé tranh mat nudc trong vong 24 gid, sau d6 thao khudn va dua vao bé bao dudng cho dén khi
tién hanh cac thi nghiém tiép theo (Hinh 9).

AE i

2.4. Tién hanh thi nghigm

Cac mau bé tong duoc bao dudng theo TCVN 3105:2012 dén 3, 7 va 28 ngay tudi s&
duoc vot ra tir bé bao dudng va tién hanh thi nghiém.

— Cuong d6 chiu nén cia BTXM dugc xac dinh theo TCVN 3118:1993.

— Kha ning chdng tham ion clo cia bé tdng 1a mat trong nhitng yéu té quan trong dé
danh gia d6 bén cua bé tdng, dic biét 1a trong méi trudng chira nhiéu ion clo. Bé tong ¢ kha
nang chong tham ion clo tét s& dap tng duoc do bén l1au caa cong trinh (Pham Duy Hitu,
2010). Thi nghiém tham ion clo cia miu bé tong xi miang dugc tién hanh theo tiéu chuan
ASTM C1202 hay TCVN 9337:2012.

- Xac dinh méc chdong tham hay do chdng tham (Water Permeability Grade). Hién nay
tiéu chuan Viét Nam TCVN 3116:1993 va tiéu chuan Nga (Lién X6 cii) TOCT 12730.5-84
huéng dan cach xac dinh d6 chéng tham cua mau thu.
2.5. Két qud thi nghigm xdc dinh cac chi tiéu co Iy ciia BTXM
2.5.1. Két qud xdc dinh cieong dé chiu nén BTXM
4 @hn L

Vil KHOAHOC THUY LO1 VIET NAM

& o kHoA 400 THUY LOT MIEN NAM
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Két qua thi nghiém cudng d6 chiu nén va sy phat trién theo thoi gian cia BTXM & 3, 7
va 28 ngay duoc thé hién ¢ Hinh 11.

Cung b chiv nén bf tong3 ngay i (b d0 chun oén bé tho 'kmmél

5 55 -

JLEN
%5 3 837 0
i 5 z3
F s g I 781
= 24 1=
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y o EE ox B
§ B s -.5:
Uns EX
’g usn
n 3u
213
3 055 Ha1%
NS)

NS0.5% NS1% NS1,5% NSz NELS%

NS0.5% NSI% N§1,5% NS2e

M i mphi
Miu thi nghiém PR S
Mau thi nghiém

Cudng d6 chiu nén mau 7 ngay
) tuoi
Hinh 11. Su phét trién cuwong do chiu nén cua BTXM

Cudng d6 chju nén miu 28 ngay

Cudng d6 chiu nén mau 3 ngay
tuoi

tuoi

Bang 5 thé hién muc ting cudong do chiu nén cia BTXM c6 sir dung NS va so sénh loai
BTXM khong st dung phu gia NS.

Bdng 5. Miic tang cuong dé chiu nén (so vai logi bé tong NSO)

Loai BT : % Cwong do Ch‘iu nén ting thém :
: 3 ngay 7 ngay 28 ngay
NS0.5% 4,15% 5,66% 1,23%
NS1% 9,18% 11,57% 13.36%
NS1.5% 8,59% 10,42% 12.21%
NS2% 9,88% 9,39% 11.66%

2.5.2. Két qua thi nghiém kha ndng chong tham nwéc BTXM

tdng thé khéng thay nudc xuyén qua I&n bé mat mau, két qua dugc thé hién & Bang 6.

Hinh 12. Xdc dinh dé tham nuéc cuia BTXM
Két qua thi nghiém: Sau khi bom nudc tao &p luc & B12 trong vong 16h tién hanh quan sat

Bdng 6. Xdc dinh d¢ tham ciia mdau bé téng cwong dé 50MPa

Ky hiéu Ap Luc Két qua quan sat caa tirng vién mau thi nghiém
méu (daN/em?) | Vién 1 Vién 2 Vién 3 Vién 4 Vién 5 Vién 6
NSO 12 Thim Tham Thim Thim Thim Thim
Chiéu sau dong thim (mm) 79 78 76 77 75 78

NS0.5% 12 Chua thim | Chwa thAm | Chua thim | Chwa thdm | Chua thim | Chua thdm
NS1,0% 12 Chua thAm | Chua thdm | Chua thAm | Chua thdm | Chwa thdm | Chua thim
NS1.5% 12 Chua thAm | Chua thdm | Chua thAm | Chua thdm | Chwa thdm | Chua thim
NS2% 12 Chua thim | Chwa thAm | Chua thim | Chwa thdm | Chua thim | Chua thdm
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2.5.3. Két qua thi nghiém tham ion clo cia BTXM

Hinh 13. Thi nghiém xdc dinh @ tham ion clo bang phwong phdp do dién lwong

Thi nghiém & Hinh 13 va Hinh 14 cho thay cac loai bé tong dugc thir nghiém déu cho
dién luong di qua & mirc thap (100-1000 cu 16ng), dap ung TCVN 9337:2012. Quan sat c6 thé
thdy sé dién luong dém duoc ty 18 nghich véi ham luong NS sir dung. Nhu vy NS di lam
giam sy khuyéch tan cua ion clo trong bé téng, do vay da lam ting mac d6 chdng tham ion
clo cua bé tdng sur dung phu gia khoang NS.

Két qua do dién lwvong

700
600

500

400 A
m Két qua do dién luvong
300
200
100
[e]

NSO NSO.5% NS1% NS1.5% NS2%

Hinh 14. Biéu do két qua thi nghiém tham nhanh ion clo
2.5.4. Nhdn xét két qua thi nghiém

— Két qua cho thay cudng do chiu nén cua cac loai bé téng co sir dung NS ting ty 1&
thuan véi ham luong NS sir dung thay thé xi mang, trong khi cac yéu té khac khong doi. Nhur
vay NS di co tac dung lam ting cudng do cua bé tong, theo mot sé nghién ciu trén thé gioi
(Said va nnk, 2009; Ye Q va nnk, 2007) diéu nay c6 thé giai thich 1a NS khi dugc thém vao
trong bé tong da day nhanh phan (ng pozzalan va téc d6 thiy hoa xi mang.

— Két qua cho thdy NS diéu ché tir tro trau co6 tac dung lam giam kha nang tham cua
BTXM, theo céc tai liéu (T. Ji, 2005; B.H. Green, 2006). NS c¢6 kich thudc rat nho (nhé hon
kich thude xi mang khoang 100 lan) nén c6 thé lap day cac 15 trong trong bé tong xi mang,
gitp cho bé tong xi mang chat hon; NS tham gia vao phan tng pozzalan tao ra C-S-H véi do
ran cao hon; NS dong vai trd nhu cac tim tao nhan cho phép hinh thanh cac cum C-S-H, thic
day hon sy hydrat hoa. Nhu vay NS da 14p day cac 15 tréng trong bé tong xi mang, gilp cho bé
tong xi mang chat hon va tao ra C-S-H bén viing véi d6 rin cao hon, 1am cho khdi bé tong
dac chac hon, do vay da lam giam sy khuéch tan cua ion clo va lam tiang kha ning chong
tham ion clo va kha niang chéng tham nuéc caa BTXM st dung phu gia khoang NS.

142



3. Két luan va kién nghi
3.1. Két lugn

Cong trinh nghién ciru da khao sat anh hudng caa vat lidu NS didu ché tir tro trau dén
cuong d6 va kha ning thim cia BTXM, két qua cho thay:

— Viéc st dung NS diéu ché tir tro triu trong BTXM da 1am theo ty & phan trim ham
luong NS. Dic biét, & mutc ting ty 16 NS1% cho két qua 1a cuong do ting chiu nén ting
13,36% & 28 ngay tudi so vai céac loai bé tong khac.

— Khi str dung ham luong NS1% da giam duoc 27,65% dién luong dém duoc so voi bé
tong khdng sir dung NS. Diéu nay giup lam ting d6 bén cua bé tong khi tng dung lam cac két
c4u trong moi trudng xam thyc ion clo.

— Kha ning chdng thim nudc hay mac chdng tham cua bé téng su dung phu gia NS 1a
mot trong nhitng yéu té quan trong dé danh gia do bén cua bé tong, dic biét 1a trong moi
truong ngap man va chua phén. Khi thaim qua 16p bé tdng bao vé ching s& an mon cot thép
giy truong nd thé tich din dén nut bé tong s& 1am giam kha ning chiu lyc cua bé tong, cot
thép, gay hu hong va giam tudi tho cua cong trinh. Vi vay bé téng c6 kha niang chéng tham tot
s& dap tng duoc yéu cau vé do bén caa cong trinh.

3.2. Kién nghj

— Can nghién ctru thém cac dic tinh cua bé tdng NS & cac tudi 56, 90 ngay. Nghién ciu
cling can mé rong thém cac dic tinh khac cua bé tong va hdn hop bé téng sir dung NS nhu:
thoi gian dong két, nhiét thay hoa caa hdn hop bé tong; cudng do chiu kéo, d6 mai mon,
chbng tham, co ngét, bén sunphat... cua bé tong.

— Véi tiém nang caa NS can mé rong nghién citu BTXM ty ¢im, BTXM cudng d6 cao...
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NHUNG TRO NGAI KHI AP DUNG CONG NGHE XAY DUNG MOI
VOI NGANH XAY DUNG VIET NAM

Nguyén Thanh Binh*, V& Thanh Hung?
1. Cong ty HBB Software, 2. Truong Pai hoc Thi Dau Mgt.

Tom tait

Viéc ap dung cac giai phap céng nghé trong giai doan dau tw xdy dung dang ngdy cang tré
nén pho bién va nhdn diroc sie iing hé rat 1on tir cd phia co quan qudn Iy va cdc don vi
doanh nghiép. Song nhitng né luc cdi tién hiéu qua trong nganh xay ding nham theo kip
cdng nghé quac té con gdp rat nhiéu tré ngai do cac nguyén nhan ca chi quan va khach
quan. Néu khéng dioc chl'y va sém diwroc quan tam, nhitng khé khén c6 thé gay ra nhing
thiét hai lon vé ca kinh té va phap Iy. Thuc té nhitng khé khan nay da sém gay thiét hai tir
nhitng ndm 2015 cho dén nay, khi 1an song trién khai cac cong nghé xay dung trong thiét
ké, quan Iy tién da, chi phi,... ram ré dién ra ¢ cac cong ty, tdp doan Ién véi hy vong dem
lgi hiéu qud cao hon trong qud trinh dau tw. Tuy nhién, sau mét thoi gian dai ap dung,
nhitng gi ¢on lgi chi 1a nhing khodn dau tw khéng c6 hiéu qua va dé lai s mdt niém tin vao
céc gidi phap cong nghé s6 trong mat cac doanh nghiép. Nhizng nguyén nhén chinh c6 thé
ké dén nhw hiéu sai vé cong nghé, chi phi qua Ién, thiéu nhan sy chui chot, thiéu dink hwong
va chu’ong trinh ddo tao bang ngdn ngit ban dia. Nhitng khé khén nay la hoan toan cé thé
gidi quyét diroc néu nhdn duroc sy quan tam kip thoi.

1. Nhitng kho khin

1.1. Nhéng hiéu lam vé céng nghé

Viéc cac cong nghé dugc gigi thiéu dén nganh xay dung duoc phéng dai hda vé kha
nang da khién cho cac cha dau tu, nha thau tu tinh toan sai trong qua trinh dau tu. Khi duoc
gi6i thiéu vé cac cong nghé maéi, cac bén cung cip thuong tranh nhic toi nhitng khé khin
trong trién khai ma chi gii thiéu nhitng loi ich c6 thé dat dwoc trong diéu kién hoan hao nhat.
Mot trong nhitng vi du vé su quang céo khdng chinh xac nay cé thé ké dén chirc ning phat
hién xung dot (Clash Detection) cua quy trinh BIM.

Mbt vu diém khong thé phu nhan cua BIM 1a n6 duoc tng dung rong réi va su hiéu qua
cua toan bo quy trinh néu dugc &p dung mot cach hoan chinh. Song mét vai chirc ning caa nd
khong that sy ndi troi nhu nhimg gi cac cong ty tu van BIM gidi thiéu, vi du nhu Clash
Detection chi la mét trong nhitng chirc ning vo cung co ban cia BIM hd tro dé viéc thiét ké
tré nén chinh xac hon. Hi€u qua cua chuc nang nay so véi cac cong nang khac cua BIM chi
dong mot vai tro rat nho, thé nhung lai duoc quang béa 1a mot trong nhiing chirc ning chinh
cua BIM. Trong rat nhiéu bai b4o va nghién ctru khoa hoc, ké ca nhitng nghién ciu khoa hoc
ctia nudc ngoai, co rat nhiéu nhan dinh danh gia rang viéc 4p dung Clash Detection c6 thé
giam viéc sira chita thi cong dén 17.000$ mdi xung dot, 36% chi phi xay dung 30% va tién do
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22% (Harika Singh & Keyuri Patel., 2020). Luu y rang nhiing con sb trén chi 1a du doan,
hoan toan khong c6 mét co sé tinh toan chinh xac nao.

Trén thyc té viéc sira chira, 1am lai do rat nhiéu nguyén nhan nhu chi dau tu thay doi y,
thi cong kém chét lugng, sai trinh tu hozc thiét ké sai cong nghé... Nguyén nhan phai lam lai
do va cham thiét ké 1a c6 song khong phai 1a dai da s6. Rat nhiéu chi tiét xung dot (Clash
Detection) tham chi con c6 thé dé dang sira chita ngay tai cong truong véi chi phi rit nho nhu
diéu hudng, ldp thém ndi, thay doi kich thude, khoan rat 16i (theo Anderson O. Akponeware
& Zulfikar A. Adamu (2017)).

1.2. Qua trinh két hep can tat ca cac bén: Cha ddu twe, Thiét ké, Tw vdn va Nha thau,
Nha cung cap?

Mot trong nhirng chi y quan trong trong viéc ap dung céng nghé do6 1a viéc doi hoi su dong
bo cua tat ca cac bén lién quan va ca cac co quan cap bd, nganh méi c6 thé dem lai hiéu qua
(Muhammad va nnk, 2013). Viéc chi mot hay mot vai don vi p dung khéng nhiing cé thé khong
dem lai hiéu qua ma con gay phuc tap hoa quy trinh, gy ra lang phi va giam ning suat lao dong.
Hién tai viéc &p dung cong nghé mai chi tap trung & tu van thiét ké trong khi cac bén khéc van rat
cham, do d6 dan dén sy khong thong nhat khi trién khai. Pay 1a mét trong nhitng van dé rat 16n
boi su khéc biét giira chuyén mén va trinh d6 giira cac bén trong mot dy an xay dung 1a thuc té co
tir rat 1au va rat kho co thé thay doi. Mot vi du don gian cho truong hop nay 1a viéc thiét ké trén
BIM. C6 rat nhiéu don vi tu van thiét ké da co thé trién khai BIM, song ho s& phai chuyén giao
mé hinh thdng tin nay cho tong thau dé ho trién khai. Mot vai tong thau ciing da c6 thé trién khai
BIM, va vai tiém lyc vé chuyén mdn, tai chinh manh, rat nhiéu tong thau khac ciing c6 thé 1am
viéc nay. Nhung khi chuyén giao tir tong thau xudng dén thau phu va cac nha cung cap thi cau
chuyén lai tré nén phuc tap hon rat nhidu. Khi 1am viéc véi cac don vi nho nay, tham chi ban vé
2D don gian hién tai ciing con gip nhiéu kho khan. Tiép 4o, véi cac cong trinh nha nwéc, mé hinh
BIM nay s& can phai dugc tham tra, tham dinh béi cac co quan chiic ning.

1.3. Dinh hwong chwa chinh xdc

Viéc ap dung cong nghé mai d6i voi bat ky cong nghé nao déu la mot qué trinh dai va
doi hoi su hd trg caa cac don vi thuc su ¢6 chuyén mén, kinh nghiém ap dung thuc té. Nhitng
don vi chuy&n mén sau nay s& gilp chi dau tu, tong thau cé cai nhin dung din va xay dung
duong hudng mot cach hiéu qua. Tuy diy khong phai 1a diéu gi qua méi mé, song viéc chon
nham don vi tu van cdng nghé xay dung lai xay ra rat thuong xuyén dan dén cac hiéu nham
c6 thé 1am that bai viéc qua trinh chuyén doi s6. Cac chu dau tu nén c6 su chuan bj rd rang vé
c4c nhan su du ning luc dé kiém soét viéc trién khai va c6 thé phan biét giira thg v& md hinh
va tr van BIM.

Khi trién khai BIM, cac cha dau tu thuong hy vong tu van thiét ké s& tao ra md hinh
ding cho ca kiém soat xung dot thiét ké va ca khéi lugng, du toan. Thé nhung khac voi kiém
soat xung dot, kiém soat khéi lugng nghe c6 vé don gian lai kho hon rat nhiéu boi n6 s& yéu
cau mic d6 mo hinh du chi tiét va ca chuyén mon trong viéc boc tach khdi lwong va lap du
toan. Pay von 1a cong viéc cua ki su QS chir khong phai thiét ké. Piéu nay twong duong véi
viéc khi 1ap md hinh thdng tin BIM thi cac kién tric su phai ndm sau ca kién thic QS. Pay 1a
van dé rat kho boi no doi hoi nguoi trién khai phai nam ca ba bo kién thirc: Kién tric, Mo
hinh théng tin va ca QS vén 1a ba chuyén mon khac nhau. Théng thudng mot ki su gidi ciing
chi nim dwgc hai trong s6 ba b chuyén mon trén. Bén canh do, viéc md hinh héa chi tiét
cling khién viéc trién khai tré nén phuc tap va ton rat nhiéu thoi gian. Do d6, trong quy trinh
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dung, viéc thiét ké chi ding lai & viéc 1ap mé hinh véi mae do phic tap vira phai. Sau do, viéc
trién khai thém cac chi tiét va cac quy tic tinh toan khéi lvong nén dugc 1am boi ky su QS.
C6 rat nhiéu cong nghé, giai phap va phan mém danh cho QS c6 thé tinh toan dugc khdi
lwong chi tiét tir nhitng mo hinh thong tin céng trinh don gian. Pung chi dirng lai ¢ viéc BIM
chi c6 mdi cac phan mém thiét ké nhu Revit, Sketchup, All Plan... Dé c6 thé thanh cong
ching ta phai ap dung ca cac phan mém BIM danh cho cac don vi tu van khéc.

1.4. Ter bo ban vé 2D

Mot trong nhitng hiéu nham phd bién khac 1a chuyén di sb trong nganh xay dung s&
dan dén viéc tir bo ban vé 2D, tat ca cong trinh s& phai 4p dung BIM. Pay 1a mot trong nhitng
suy nghi v6 cung sai 1am va hoan toan thiéu nhan thtc thyc té. Ban vé 2D va BIM c6 nhiing
loi thé cua riéng minh va cha dau tu nén cin nhic viéc 4p dung cdng nghé nao s& dem lai hiéu
qua nhét chir khdng phai chay theo phong trao. Véi nhitng cong trinh nho, don gian, yéu cau
tién do nhanh thi viéc thiét ké trén ban vé 2D duong nhién c¢6 hiéu qua tuyét d6i so véi BIM.
Thuc té ngay véi ca nhitng cong trinh 16n trién khai BIM thit bai va phai chuyén lai vé 2D
cling chi boi tién do khong theo kip (Ireneusz Czmocha , Adam Pckalaa, 2014),

Ngay ca & cac nudc phat trién mic du BIM da rat pho bién nhung khong phai cong trinh
nao ciing str dung nd. Khi ra dén cong trudng viéc xét duyét van lam trén ban vé 2D va ching
ta ciing nén hiéu lgi thé khi mang ban v& 2D ra cong trudng boi tinh rd rang ranh mach. M6
hinh 3D chi gitip cac bén hinh dung duoc bé tri va bd cuc cua chi tiét, con ban vé 2D thi lai c6
thdng s ky thuat rd rang.

1.5. Chi phi danh cho BIM

Chi phi danh cho BIM Ia mét phan cua chi phi thiét ké. Trong bai phat biéu cua tién sy
Stephen Hamil - Giam ddc phét trién BIM cia NBS (Nation Bulding Specification UK — Pon
vi lap Tiéu chuan Xay dung Qudc gia Anh) tai hoi nghi 2010 vé BIM ctia NBS, 6ng di nhan
manh viéc ap dung BIM khong nhitng khong 1am gia ting chi phi thiét ké va con gop phan
lam giam chi phi nay (Hamil D, 2021).

Pay 13 mot van dé rit nhay cam, dic biét trong cac cong trinh nha nuéc. Mic di di duoc
nhic di nhac lai va nhan manh béi rat nhiéu chuyén gia, to chirc trong va ngoai nuéc, song rat
nhiéu chu dau tw, nha thau, tw vin van hiéu 1am viéc 4p dung BIM s& can phai ton thém mot
khoan chi phi. Biéu nay chi cd thé chap nhan duoc trong cac du an thi diém ther nghiém khi can
phai trién khai thiét ké theo phuong phap truyén thong song song véi trién khai BIM. Con khi
trién khai mot du 4n mot cach ding dén thi quy trinh BIM phai thay thé quy trinh thiét ké truyén
thong. Néu khong duoc hiéu dung thi viéc ap dung BIM s& gy ra rat nhiéu kho khan va tham chi
ca nhitng vuéng méc phap ly, nhat 13 véi cac cong trinh ¢6 st dung vén cong.

Véi cac quy dinh hién tai, viéc dau thau, thi cong, thanh, quyét toan van hoan toan dya
trén khéi luong nghiém thu, du toan ky duyét. Bidu dé co nghia 1a cho du 4p dung cong nghé
gi, ngan sach nha nudc van sé khong duoc huong bat ky mot loi ich nao, thém vao do, lai con
phai chiu thém khoan chi phi do &p dung c6ng nghé (BIM). DBiéu nay dan dén maot nghich Iy
la viéc ap dung céng nghé khong nhitng khéng tiét kiém chi phi cho nha nugc ma tham chi
con gay ra lang phi va that thoat. Trong khi do, cong nghé BIM lai dwoc quang céo tiét kiém
dén 30% chi phi xay dung truc tiép. Pay c6 thé sé tro thanh mot trong nhitng van dé tiém tang
khi phai cac chu dau tu phai d6i mat voi thanh tra, kiém toan dé tra 1oi cau hoi ai 1a nguoi
dugc huong lgi con sé 30% nay. (Theo thong tu huéng dan cua Bo Xay dung va Bo Tai
chinh), (Kenley va nnk, 2009).
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1.6. Chi phi quéa lén va thiéu nhan sw cha chét

Chi phi dé trién khai BIM Ia chi phi khdng hé nhé véi miat bang chung nganh xay dung
Viét Nam khi tat ca cac cong nghé déu l1a cia nude ngoai. Thém vao do, viéc ap dung cac
cdng nghé con can sy dao tao chuyén giao tir cac don vi cc. Piéu d6 c6 nghia 1a bén canh chi
phi phan mém dit do, cac doanh nghiép con phai chi ca khoan tién thué cac chuyén gia vé dao
tao, huéng dan, 1am tha du &n thi diém. Viéc nay khéng chi ton chi phi ma con ca thoi gian,
chua ké dén khoang cdch ngdn ngi, tw duy lam viéc khéc nhau cia xay dung trong nuéc va
qUOc té. Hay luu y rang cdng nghé nude ngoai duoc thiét ké theo tidu chuan, quy cach qUOc
té. Do céc tiéu chuan, quy cach nay rat khac véi trong nudc nén doanh nghiép con phai dleu
chinh, cai tién dé phu hop. Diéu nay doi khi khong kha thi do c&c cac hdng cong nghé quéc té
khong thé diéu chinh chi @& phu hop véi mét thi tredng nho nhu Viét Nam.

Vi du rd rang nhat trong viéc quan Iy khéi lwong: hién tai Bo Xay dung van yéu cau
khdi lugng xay dung phai dugc trinh bay dudi dang bang tién lwong theo kiéu Dai x Rong X
Cao. (Thong tu sé 17/2019/TT-BXD ngay 26 thang 12 ndm 2019 vé viéc huéng dan do boc
khéi luong xay dung cdng trinh). Trong khi d6 dai da sé phan mém quéc té khi tinh ra khdi
luong xay dung thi dwgc ching minh bang hinh anh hoac danh dau trén ban va.

2. Giai phap

2.1. Nhang céng ngh¢é bi bé qua

Mot diéu dang ngac nhién khi rat nhiéu co quan to chirc quan tam dén viéc ap dung cong
nghé xay dung chi tim hiéu vé md hinh théng tin cdng trinh (Building Information Modelling —
BIM) ma quén mat rang d6 ciing chi 1a mot trong rat nhiéu céng nghé dang co trén thi truong.
Chung ta hoan toan khéng thé phi nhan duoc sy uu viét ciia BIM, thé nhung dé c6 thé ap dung
BIM s& mét rat nhiéu thoi gian, cong sic va ca chi phi. Trong khi d6, c6 v6 van cong nghé cd
thé duoc &p dung ngay 1ap tirc, dem lai hiéu qua tic thi lai bi bo qua. Dién hinh trong vi du nay
c6 the ké dén: boc tach sé va lap dy toan trén ban vé 2D (CostX, PlanSwift), tién do thi cong
day chuyén (Vico Office Planner, Primavera P6), quan ly chi phi hai chiéu két hop giira k¥ su
QS va ké toan (Databuild, Procore). Nhiing giai phap nay di chimg minh dwoc tinh hiéu qua
qua su kiém chang rat nhiéu nam cua nganh xay dyung qudc té va téi thoi diém hién tai khi BIM
duoc &p dung rong rii, ching con dem lai hidu qua rd rang hon. Thé nhung hy vong vé viéc
BIM c6 thé giai quyét tat ca moi viéc khién cho viéc 4p dung cac cong nghé khéc trén tré nén
md nhat trong mét cac doanh nghiép trong nudc. Viéc nay dé lai hau qua 1a toan bo nganh xay
dung van dang méc ket véi nhimg phuong phap 15i thoi, bang tinh va phan mém Excel nhiéu
han ché, ban vé gidy va chi mot vai cong cu cho ban vé Autocad.

Viéc &p dung dan dan cac cong nghé don gian nhung hiéu qua s& tao dugc su thic day
va chuén bi cho nhitng cdng nghé phtic tap hon béi v& mit co ban cac cong nghé nay déu cé
su twong dong vé phuong thirc va quy cach. Vi du cac phan mém quan ly chi phi trén ban vé
va tién d6 2D déu cd nguyén tic giéng vaéi cac phan mém tuong tu cho BIM. Bén canh do,
hudng tiép can nay con rat ngin qua trinh dao tao va thich nghi khi chuyén dbi.

2.2. Cong ngh¢ Viét Nam

Mot didu dang budn la rat nhiéu doanh nghiép khong tin tuéng va sir dung céng nghé
Viét Nam boi sy nghi ngo vé kha niang va chat lwong. Tuy nhién diéu nay chi dung véi muoi
nam vé trude, khi Pat nudc ta con chap chiing hoi nhap véi phan con lai thé gigi. Thé nhung
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hién tai ca trinh do, cong nghé cua Viét Nam di khong con qué cach xa véi qudc té. Nhiing
cdng nghé c6 & nudc ngoai hoan toan co thé duoc hoc tap va tao ra ngay trong nudc. Dich
Covid bing né nam 2019 vira la thach thie nhung ciing co hoi dé rat nhiéu c& nhan, tap thé
ngudi Viét co trinh do tir nuwéc ngoai tré vé nude. Thém vao d6 1a y thuc caa tat ca doanh
nghiép trong viéc chuyén ddi s6 dé tang hiéu qua hoat dong va kha nang ddi phé véi nhing su
kién twong ty. Trong nhirmg nam sap t6i, s& khdng co gi ngac nhién néu Viét Nam ching kién
su bung nd cdng nghé toan dién v& moi mat. Bén canh do, viéc st dung nhiing cdng nghé
duoc tao ra trong nudc sé giai quyét duoc vé sé nhimg kho khin dd néu ¢ trén nhu chi phi,
chuong trinh dao tao, chuyén gia trong nudc, su phu hop véi quy trinh trong nudc.

3. Két luan

Ap dung c6ng nghé méi 1a xu hudng tat yéu cua su phét trién dung véi tat ca moi linh
vuc chir khdng chi riéng nganh Xay dung. Mac du nhan dugc sy ung ho cua cac doanh nghiép
va Nha nudc, nhung dé c6 thé hoan toan lam chu cac cdng nghé nay thi can cé nhiing chuan
bi nhat dinh. Khdng mét doanh nghiép ndo mong muédn nhiing nd luc dau tu vé ca cong stc
va tai chinh tré nén phi pham nhu trong giai doan vira qua. Do dé, trudc khi tiép tuc phat trién
thi cac bén lién quan can phdi hop va nghién ciru that ky dé g& bé nhiing khé khan va hiéu
lam trong viéc &p dung céng nghé. Tir d6, cac doanh nghiép mai cd thé dua ra 16 trinh phét
trién pht hop. Thay vi don toan luc theo dudi nhitng cdng nghé xa xi, c6 1& nén ap dung cac
cdng nghé chuyén tiép bai tinh d& &p dung, chi phi thap va hiéu qua tac thi.

4. Giéi thiéu QS Crystal

QS Crystal 1a mét trong s6 nhiing cong nghé ma HHB Software mubn gigi thiéu va
ciing 1a mot minh ching vé kha niang cong nghé cua Viét Nam.

Pay 1a mot san pham dugc tao boi sy két hop giita cac ki su xay dung va céng nghé
thong tin tir nudc ngoai tre vé Vit Nam. Véi san pham nay, chlng t6i tu tin da tao duoc giai
phép c6 chat lugng twong duong véi cac ddi thii qudc té trong linh vuc boc tach khéi lwong
xay dung nhu: CostX, PlanSwift, Causeway, Cubit,...

Bdng 1. So sanh tién ich va wu diém cia QS Crystal véi phwong phép boc khéi lwong
truyén thang

Phwong phap truyén thong THU CONG Giai phap cong nghé¢ QS CRYSTAL
Ban V& roi rac, 13an 16n PDF va CAD. Quan ly ca du an: ban vé, BoQ, Specs.
BoQ khong c6 su lién két vai ban v&, Specs. BoQ lién két chat ch& vsi Ban V&, Specs.
Phﬂal [am tirng phép cong trir nhéan chia, highlight Po bée bing click chut.
thu céng.
Kh6 kiém tra. Doi khi nguoi 1am con khéng nhé Kiém tra d& dang, truc quan. Khong cho phép tinh sai,
minh tinh nhu thé nao. lam gia s liéu.
Stra khi thay doi thiét ké rat ton cong sirc. Cap nhat thay doi khi thiét ké thay doi.
Kho khan khi bio vé khéi lrong, rQﬁiJ)r/];:th boc tach khoi lugng don gian, hiéu qua hon

H& trg hiéu qua quan ly, bao dudng va van hanh.
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PHAN TiCH DAO PONG TU DO DAM COMPOSITE LGP
DUNG HAM DANG HYBRID

Nguyén Ngoc Dlro’ngl, Nguyén Viin H:flu1
1. Truong Pai hoc Sw pham Ky thudt TPHCM.

TOm tit

Bai bdo phat trién ham dang “hybrid” giita da thitc va ham mii dé phdn tich dao déng
tie do ciia dam composite. Ly thuyét dam bién dang cdt bdc ba ciia Reddy dwoc sir dung
dé thanh Idp trong chuyén vi. Phwong trinh chii dao cia bai todn dwoc rit ra tiv
nguyén Iy Lagrange két hop véi loi gidi Ritz. Céc két qua s6 dwoc thuc hién va so sanh
véi két qua did cong bo dé chitng minh sw hiéu qua ciia loi giai. Ngoai ra, bai bao con
khdo sat vé sw dnh hwong ciia ty 1é chiéu dai/chiéu cao dam va hwedng soi dén tan so
dao dong riéng cia dam.

1. Gi6i thigu

Hién nay, vat liéu composite dugc sir dung phd bién trong nhiéu linh vuc ky thuat. Cac
vu diém ndi bat cua vat lieu composite la kha ning cach am, cach nhiét tdt, trong luong nhe,
d6 cting cao,... Bén canh sy pho bién trong thuc tién, vat liéu composite cling thu hit sy quan
tam cua cac nha khoa hoc. Nhiéu ly thuyét, phuong phap va quy luat ang xu caa vat lidu
composite dugc dé xuat nham phan tich ang xir cua két ciu composite. Trong d6, dao dong tu
do dam composite 1a mét chu dé thi vi va nhiéu thach thuc.

Céc nha khoa hoc da dé xuat nhiéu ly thuyét dé phan tich ang xir cua dam. Cac ly thuyét
nay c6 thé phan vao ba nhom: ly thuyét dam co dién, bac nhat va bac cao. Ly thuyét dam cb
dién gia thiét mat cat ngang cua tiét dién dam ludn 1a mat phiang va vudng goc véi truc dam
(Bernoulli, 1964). Gia thiét nay da bo qua bién dang truot trong dam va chi phd hop cho céc
dam manh. Ly thuyét dim bac nhat gia thiét bién dang truot cua dam la hang sb (S.P.
Timoshenko, 1922). Chinh vi vay, mét hé sé diéu chinh truot dugc str dung dé diéu chinh
truong bién dang cua bai toan. Trong trudng hop tong quat, viéc xac dinh hé s6 bién dang
truot rat kho khin vi phu thudc vao nhiéu yéu té nhu mat cit ngang tiét dién, diéu kién bién,
dang tai trong,... Bé khic phuc nhugc diém cua ly thuyét bién dang cat bac nhat, ly thuyét
bién dang cit bac cao dugc dé xuét (J. Mantari va nnk, 2016; A. Khdeir va nnk; 1994; J.N.
Reddy, 1984). Trong ly thuyét nay, truong chuyén vi duoc xap xi theo mot ham dang bac cao
va khong can hé sé bién dang truot. Trong viéc phan tich tng xir ciia dam, ly thuyét bién dang
cat bac cao dugc str dung phd bién nhat. V& phuong phap giai, cling voi sy phat trién cua
cdng nghé may tinh, cac phuong phap sb ngay cang duoc nhiéu nha khoa hoc 4p dung. Tuy
nhién, cac phuong phap giai tich ciing dugc quan tam vi d¢ chinh x&c cua loi giai. Trong cac
phuong phap giai tich, Ritz 1a phuong phép tong quat va c6 thé st dung cho cac bai toan co
diéu kién bién bat ky (J. Mantari va nnk, 2016; N.-D. Nguyen, 2018).

151



Muc tiéu cta bai bao nay la dé xuét cac ham dang Ritz, c6 dang “hybrid” giita da thirc
va ham mii, dé phan tich dao dong dam composite. Trong bai b4o nay, ly thuyét bién dang cit
bac cao cua Reddy dwoc st dung, phuong trinh Lagrange duoc dung dé thiét 1ap phwong trinh
chu dao cua bai todn va cac yéu té anh hudng dén dao dong cua dam dugc khao sat.

2. Co sé 1y thuyét

Xét dam composite c¢6 kich thude dai, rong, cao lan luot 13 L, b, h va dugc tao thanh tir
n 16p vat liéu tryc hudng nhu Hinh 1.

Hinh 1. Dam composite l6p

2.1. Trwong chuyén vi ciia dim

Truong chuyén vi (u(x,z,t), w(x,zt))cua bai toan dim nhu sau (J.N. Reddy, 1984):

u(x, z,t) =u, (x,t) — 2w, , + f (2)u, (x,1) 1)

W(X, Z,t) =W, (X,1) (2)

trong d6: U, (x,t), Wy(x,t) lan luot 1a chuyén vi tai diém trén truc trung hoa theo phuong

. < . e a 47

truc x va z; u,(x,t) la géc xoay cua mat cat ngang tiét dién dam quanh truc y; f(z) :Z_§F
1a ham bién dang truot. Dau phay “,” 1a ky hiéu dao ham d6i véi bién theo sau dau phay.

Tir trudng chuyén vi cua bai toan, cac bién dang cua dam duogc xac dinh nhu sau:

& = @ = uO,X - ZWO,xx + ful,x (3)

ou  ow
=—+—="Fu 4
yxz 62 6X 2 ( )

2.2. Quy ludt teng xir ciia ddm composite

Mbi quan hé giita @ng suat va bién dang cua dam composite dugc thiét 1ap tir quy luat
rng xt ba chiéu cua vat liéu truc hudng. Qua trinh nay duoc thyc hién nhu sau:

Quan hé ung suiat bién dang cua I6p thir k trong hé toa d6 dia phuong cta vat liéu truc
hudng:
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(k)

% Cy Cp Cyp O o o0)" &
oF c, C, C, O 0 0 &
O3 |Cu Cp Cy O 0 0 &3
osl |0 0 0 C, 0 0| |y ©
Oy3 0 0 0 0 Cyx O 713
o, 0 0 0 0 0 Cg V1o

¢ day C; la h¢ s6 @6 cang cua vat liéu truc huéng. St dung cdng thirc xoay truc, thu

dugc mdi quan hé tng suat bién dang cuaa vat liéu trong hé toa do tong thé:

(k)

(k)

O-X E 11 6 12 6 13 O O 6 16 x
O-y (_: 12 6 22 6 23 0 O (_: 26 & y
O-Z — 6 13 6 23 (_: 33 _O _0 (_: 36 z ( 6)
o, 0 0 0 C, C, Yy
o, 0o 0 0 C, C, O Va
O-Xy 6 16 6 26 6 36 O 0 6 66 7xy

trong d6 C; 1a hé s6 d cung chuyén doi cua vat ligu tryc huéng. Do véi bai toan dam,
gia thiét trang thai (ng suat phang trong mit phang x-z duoc str dung (J. Li va nnk, 2014; W.
Chen va nnk, 2004; H. Matsunaga, 2001; G.M. Cook and A. Tessler, 1998) va ung suat theo
phuong phap tuyén cua dam thuong rat nho. Khi do, o, =0, =0, =0, =0, phuong trinh
(6) tré thanh:
(k)

(k) ==
Oy 0 Ci) e

trong d6 C o C e la cac he s6 do cting giam 16p thir k trong hé toa do tong thé.
2.3. Cdc cong thirc bién phén ciia dim
Ning luong bién dang U cua dam duoc xac dinh nhu sau:

1
U= EI (008 +0,7,, )0V

(8)
2D WO xxulx + H s(ul,x)2 + As (ul)z}dx

0,xx

) .[[ qu ZBUOXW +ZBSUOXU1X+D( OXX)

trong d6: V 1a thé tich cua dam va cac hé s6 do cing ciia dim duogc xéac dinh theo cac cong
thae sau day:

(AB,D,B*,D* H Zifkfc::ﬂ 12,23 f,2f, 2z )
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A= [ Cyf bz (10)
bong nang K cua dam duoc xac dinh bai:

Kzélp(z)(uth)dV

L (11)
= %J.[ Ioug —21,U,W, , +1, (Wo,x )2 +2J,UU, —2J,U,W,  + KUy + |0W§ }dx
0

& day: p(z) 1a khéi luong riéng caa vat liéu dam; diu cham “.” 1a ky hiéu dao ham theo
thoi gian; cac hé sé quén tinh cua dam duoc xéac dinh bai:

Zks1

(1o 11, 15,31,3,,K,) sz(“ (Lz,2% f,2f, £z (162)

k=L 5,

T6ng nang luong cia co hé 1a:

[I=U+K
1 L
B EJ.[A( ) 2Buo \MO XX +2‘Bsu{j\,u +D( 0 “) 2D MO i 11’ ‘|‘[{S (u].x)z -|-AS (u])z X(13)
0
1 f "2 - R L. . i .
+EI[I oy = 2Lugw, +1, (wo_x) +2J g, =2J,uw,  + Ko, + 1w, }ix
0

2.4. Phwong phap Ritz

Trudng chuyén vi ciia bai toan dugc xap xi theo phuong phap Ritz :

Uy (X,t) = Zm:(oj,x(x)uoj'eiwt (14)
j=1

W, (X, t) = i(oj (X)Woj'eiwt (15)
j=1

u,(x,t) = i(pj,x (X)uljeiwt (16)
j=1

trong d6: e 12 tan sb dao dong riéng cua dam; Uy, Uy; Va W,; Ia cac thdng sb can xac
dinh cua loi giai Ritz; ¢(x) la cAc ham dang, duoc gioi thi¢u trong Bang 1. Cac ham dang
phu thudc vao cac diéu kién bién caa dam. Trong bai bao nay, bon diéu kién bién dién hinh
duoc gidi thiéu: ngam-ngam (C-C), ngam-tua don (C-S), ngam-tu do (C-F) va tua don-tua
don (S-9).
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Bdang 1. Cac ham dang Ritz va cdc diéu kién bién dong hoc cia bai toan

BC ?;(X) x=0 x=L
x\x %
S-S (1_Ejte - W, =0 w, =0
2 - u,=0,w, =0,
C-F Xlet i i
L u=0,w,, =0
2 _jx u :O W. :O
X\ x) & 0= Mo =Y,
c-s -~ =et Wo =0
(1 LJ(L) ° U =0,w, =0 ’
27\ -kx u,=0,w, =0, U, =0,w, =0,
c-C 1-X ][ 2] et i i O :
L L ulzo'WO,xzo ulzo'WO,xzo

Thay cac phuong trinh (14), (15) va (16) vao phuong trinh (13), sau d6 st dung nguyén
ly Lagrange:

oIl d adll

-0
op, arep, D

¢ day p; la dai dién cho Up; s Uy va Wy - Cubi cung, ta thu dugc hé phuong trinh chi
dao cua bai todn. Giai phwong trinh nay, ta thu duoc tan sé dao dong riéng cua dam:

Kll KlZ K13 Mll MlZ M13 uo 0
T K12 KZZ K23 _ (02 T MlZ MZZ M23 WO — 0 (18)
T K13 T K23 K33 T M13 T M23 M33 ul 0

trong d6 K va M lan luot 12 ma tran d6 cang va ma tran khéi lwong ciia dam voi cac hé
s0 duoc Xac dinh nhu dudi day:

L L

K;l = AJ-(DI,xij,xde Klz _BJ.% wPj, xxdx Ki? = BSJ.(DivXXqDJ'rXXdX’
0

Ki? = quo, o X K = DSJ.(DI o @0 IX

K = Hsjq),’xx(pj’xxdx+ ASJ.galvxgoj’de Mt =1 | o, dX,
0

o'—.r—

L
M = |jga,x¢, X ME =3, [0, 06 M =
0

o'-—.l—

L
@;dx+ |2_[(0.,x(01,xdx'
0

L
M; 23— _] J.(ol @ xdx, Mi‘? = sz.qolvxgojlxdx (19)
0

3. Vi du tinh toan
Trong phan nay, cac vi du sé dugc thuc hién dé khao sat dao dong tu do cua dam

composite. Mdi 16p cua dam la vat liéu true hudng, ¢d chiéu day bang nhau voi dic trung co
hoc nhu sau:

155



E =40E,, E,=E,, G, =G, =0.6E,, G, =05E,, v, =v, =v,, =025  (20)
Tan s6 phi thir nguyén duoc xac dinh theo cong thic:

_ ol® |p
h \E, (21)
3.1. Nghién czu sw héi tu
Xét dam composite ¢ L/h = 5 véi cac diéu kién bién (BC) C-C, C-S, C-F va S-S. Tan
sb dao dong riéng cua dam thé hién trong Bang 2. C6 thé thay rang, 1oi giai hoi tu khi m = 10
va gié tri nay duoc st dung dé khai thac két qua s trong bai bao nay.

Bdang 2. Khao sét s héi tu cua loi gidi

BC m

2 4 6 8 10 12
Cc-C 12.039 11670 11.612 11.603 11.601 11.601
C-S 10.653 10.565 10.563 10.563 10.563 10.563
C-F 4.288 4.234 4.230 4.230 4.230 4.230
S-S 9.259 9.218 9.206 9.206 9.206 9.206

3.2. Dim composite cé hwdng soi truc giao

Trong phan nay, tan sé dao dong ciia dam composite c6 hudng soi truc giao dugc khao
st va so sanh voi cac két qua da cong b trude diy. Bang 3 thé hién tan sé dao dong cua dam
véi ty & L/h = 5 va 10. C6 thé thay rang, két qua trong nghién ctiu nay trang khop véi cac két
qua ciia Mantari va Canales [3], Khdeir va Reddy [4], Nguyén va Cong su (CS) [6]. Bang 3
cling cho thay rang, tan sé dao dong cua dam tang khi ty s6 L/h ting.

Bdng 3. Tan s6 dao déng dam composite 16p ¢é hwdng soi truc giao

L/h Huéng soi (°) Tham khao c-C c-S C-F S-S
5 0/90 Nghién cau cua 10.020 8.285 2.381 6.125
Mantari va
Canales (2016) 9.974 8.268 2.375 6.109
Khdeir va Reddy
(1994) 10.026 8.033 2.386 6.128
Nguyén va CS )
(2018) 10.019 2.381 6.125
0/90/0 Nghién cau cua 11.601 10.563 4.230 9.206
Mantari va
Canales (2016) 11.486 10.520 4.221 9.208
Khdeir va Reddy
(1994) 11.603 10.239 4.234 9.208
Nguyén va CS )
(2018) 11.601 4.230 9.206
0/90...(10 16p)  Nghién ctru cua 10.783 9.717 3.522 8.153
Mantari va
Canales (2016) 10.693 9.689 3.517 8.154
Khdeir va Reddy
(1994) 10.784 9.356 3.527 8.156
10 0/90 Nghién cuu cua 13.658 10.267 2.541 6.940
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0/90/0

0/90...(10 16p)

Mantari va
Canales (2016)

Khdeir va Reddy
(1994)

Nguyén va CS
(2018)

Nghién curu cua
Mantari va
Canales (2016)

Khdeir va Reddy
(1994)

Nguyén va CS
(2018)

Nghién cru cua
Mantari va
Canales (2016)

Khdeir va Reddy
(1994)

13.628

13.660

13.653
19.712
19.652

19.712

19.707
17.583
17.544

17.580

10.239

10.129

17.238
17.225

16.599

14.676
14.668

14.221

2.532

2.544

2.541
4.490
5.490

5.495

5.490
4.192
4.190

4.197

6.913

6.945

6.940
13.607
13.610

13.614

13.607
10.887
10.883

10.893

3.3. Ddm composite c6 hwéng soi bit ky

Trong cac két cau thuc té, bén canh dam composite I6p c6 hudng soi truc giao thi dam
composite [6p c6 hudng soi bat ky ciing kha phd bién. Trong vi du nay, tac gia phan tich dao
dong cua dam c6 hudng soi bat ky. Két qua tan s dao dong duoc cho ¢ Bang 4 va so sanh
v6i két qua cua Mantari va Canales (2016). C6 thé thy rang, két qua nghién ctu co sy sai
léch vai két qua cua Mantari va Canales (2016), dac biét 1a véi ddm c6 huéng soi 30°, 45°,
60°. Piéu nay duoc giai thich nhu sau: trong nghién ctru ndy, tac gia su dung gia thiét trang
thai tng suat phang trong mat phang x-z, gia thiét nay anh huong 16n dbi véi cac dam co
hudng soi 30°, 45°, 60°. Bang 4 ciing cho thy ring, tan s6 dao dong caa dim giam khi huéng

So1 tang.
Bdng 4. Tan sé dao déng cua dam
L/b I:C‘Yfl"(%)g Mantari va Canales (2016) Nghién cau
C-C C-S C-F S-S C-C C-S C-F S-S

5 0 12.011  10.963 4.361 9.550 12,137 11.009 4.370 9.548
30 11.116  10.089 3.719 8.544 7.587 5.963 1.559 4171

45 9.990 8.815 2.871 7.033 6.345 4.804 1.202 3.264

60 8.063 6.561 1.795 4,724 5.743 4.287 1.057 2.883

90 5.337 3.936 0.960 2.620 5.437 4.036 0.990 2.705

0/30/0 11.872 10.852 4.322 9.465 11,943 10.871 4.312 9.447

0/45/0 11.738 10.741  4.286 9.380 11.819 10.761 4.282 9.361

0/60/0 11.609 10.630 4.252  9.295 11.706  10.658 4.255 9.281

10 0 20415 17.814 5625 13.998 20.480 17.828 5.625 13.995
30 18.359 15560 4.481 11.570 9.383 6.785 1.613 4.466

45 15.324 12.183 3.209  8.591 7.390 5253 1230 3.422

60 10554 7777 1880 5.176 6.543 4624 1.078  3.003

90 5.970 4.197 0.975 2.714 6.143 4.333 1.008 2.810

0/30/0 20.221 17.658 5579  13.882 20.234 17616 5540 13.810

0/45/0 20.029 17508 5541  13.780 20.048 17481 5521 13.737

0/60/0 19.840 17.364 5512 13.689 19.874 17.355 5505 13.670
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4. Két luan

Bai bao dé xuat 10i giai Ritz dé khao sat dao dong tu do cua dam composite. Truong

chuyén vi cua bai toan dua vao ly thuyét bién dang cat bac ba caa Reddy. Quy luat bién dang
phing duoc st dung dé thiét 1ap mdi quan hé tng suét - bién dang dam. Céc ham dang Ritz
dugc d& xuit dé xap xi truong chuyén vi caa bai toan. Phuong trinh chil dao cua bai toén dya
vao nguyén ly Lagrange. Cac vi du s6 dugc thuc hién dé khao sat su hoi tu cua 10i giai va so
sénh véi cac két qua tir cac nghién ctru tredc. Ngoai ra, su anh huong cua ty 1& chiéu dai/chiéu
cao dam va hudng soi 1én dao dong tu do cua dam ciing dugc khao sat. Két qua cho thay rang,
cac ham dang d& xuét rat hiéu qua trong viéc phan tich dam composite.

10.
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PHUGNG PHAP PROPER GENERALIZED DECOMPOSITION
CHO BAI TOAN DONG CHAY NHGOT KHONG NEN

Lé Qudc Cuong', P§ Thi Ngoc Tam'
1. Truong Pai hoc Thu Daéu Mot.

TOm tait

Trong bai bdo nay, phirong phdp Proper Generalized Decomposition (PGD) dwoc dé
XUdt dé gidi cdc bai todn twong tdc dong chay nhét khdng nén ¢ cde diéu kién bién khac
nhau. Trong phirong trinh chuyén dong cia dong chay nhot khdng nén, sw phan ly giira
vdn toc va &p sudt duwoc trinh by bang phirong phdp chiéu. Sau dé, &p dung phwong
phap PGD két hop Véi phwong phdp sai phan hitu han gidi cdc phwong trinh vi phén
da0 ham riéng dé tim van téc va ap sudt cua dong chdy. Phwong phdp dé xudt diwroc ap
dung d@é gidi hai bai toan dong chdy nhét khéng nén ¢ cdc diéu kién bién khac nhau.
Céc két qua mo phong sé duoc so sanh Vi cac két qua tham khdo da diroc cong bo.

1. Giéi thiéu

Nhiéu mé hinh bai toan thuong gap trong khoa hoc va ki thuat thuong duge dinh nghia
trong khong gian da chiéu, diéu d6 1am cho van dé chiéu thir nguyén trg nén cuc ky phirc tap
khi 4p dung k§y thuat chia ludi roi rac thong thuong. Hon nita cac mé hinh theo tiéu chuan c6
thé tro thanh da chiéu khi cac thong so thay ddi. Vi vay viéc phat trién mot phuong phép méi
nham giai quyét bai toAn mot cach nhanh chéng hon 1 rat can thiét.

Phuong phap PGD lan dau tién dugc gisi thiéu boi gido su Chinesta va cac cong su
(2010). Sy ra doi ctua phuong phap PGD da gop phan hd tro giai quyét bai toan c6 sb chiéu
khong gian 16n mot cach hiéu qua véi thoi gian xir ly nhanh va d6 chinh xac cao. Phuong
phap PGD ngay cang dugc ma rong ung dung dé giai quyét cac bai toan da chiéu trong cac
linh vic nhu co lwu chét (A. Dumon va nnk, 2011), truyén nhiét (E. Pruliére va nnk, 2013),
vat liéu composite (P. Vidal va nnk, 2012).

Phuong phap PGD la phuong phép giam bac mé hinh dya trén co s tach bién, loi giai
ctia bai toan duoc tim dudi dang tong cua céc tich ham sb trén mdi chiéu khéng gian. Gia s
truong U phu thuge N bién s6 (X, X,,..., Xy ), khi d6 gia tri u duoc viét dusi dang tach bién

nhu sau:
Q
UK, X e Xy ) = D~ F 00)-F (%) F (%) 1)
i=1
trong d6 X (i=12,..,N) la bién sé khong gian, thoi gian hay tham s6 ma bai toan can

khao sét.
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2. Minh hga phwong phap PGD

Dé minh hoa cho phuong phap PGD, chiing ta xét phuong trinh Poisson trong khong
gian hai chiéu nhu sau:
2 2
8_;2)+@_ f(x,y) trongmién Q=0 xQ, (2)
ox® - oy?
Muc tiéu cua chung ta la ap dung phuong phap PGD dé tim nghiém Xap Xi cta phuong
trinh (2). Gia str nghlem Xap Xi cuia phuwong trinh duoc viét dudi dang tach bién nhu sau:

p(xy)~ X, (x)Y,(y) (3)
i=1

Gia str loi giéi & budce Iép thir n da biét, ching ta can tim loi giai ¢ budce lap tha n+l

p"( Zx y)+R(X)-S(y) (4)

& day: R( ):Xm( )Va S(Y) Yn+1(y)

Phuong trinh (2) dugc dua vé dang yéu nhu sau:

o*p o%p j
P [ +——f |dxdy=0 Q)
J e
véi p°=R"-S+R-S" laham trong sd. (6)

Thay (4) va (6) vao phuong trinh (5), ta duoc:
[ (R-s+R-S7). (d—R s+R.2 dexdy_ [ (R-s+R-8")- foxdy

2
Q,xQy d dy Q,xQy

- (R*-S+R-S*)-iz::(ddx>§‘ -Yijdxdy )

Q,xQy

- (R*-S+R-s*)-i[x,-z;\( jdxdy

Q,xQ, i=1

Dé gidi phuong trinh (7) tim R(X) va S(y), chlng ta st dung giai thut lap ¢6 dinh
luan phién gém cac budce sau:

Buéc 1: Tim ham R(x)

Giasa S (y) da biét, khi d6 S” =0, thay vao phuong trinh (7), ta duoc:

n.d°S
j R".S- : dxdy—j R"-S- fdxdy
QXQ dy QXQ
- j R".S- Z( Yi]dxdy (8)
QxQ

—J.RSZ(i ]dxdy

Q, xQ 1
Vi tt ca cac ham phu thudc Y & phuong trinh (8) da biét, chiing ta c6 thé thuc hién tich
phan mot chiéu trén Q. :
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a = I Sdy
Qy
d?s
b =|S-—dy
Py
c,(x :IS~f(x,y)dy )
QY
IS-\ﬁdy
Qy
=[5 2ty
X s dyz

Khi d6 phuong trinh (8) tro thanh:
J'R ( dR+ijd J'R ¢ (X)dx— J'R Za—dx—jR Zb X;dx (10)

Phu:ong trinh (10) 1a dang yéu mét chiéu duoc dinh nghia trén Q , Vi vay chang ta c6

thé &p dung cac phuong phéap rdi rac phu hop (phuong phép phan ta hitu han, thé tich hitu
han,...). Ngoai ra chiing ta c6 thé dua vé dang manh nhu sau:

ax‘i 5+b R=c,( Za zn:bxx, (11)

Buwéc 2: Tim ham S(y)
Vé6i R(x) vira tinh & buéc trén, khi d6 R =0, thay vao phuong trinh (7), ta duoc:

[ RS (4R s g9 dxdy= [ R-S- faxdy
QXQ d dy QXQ

- [ RS Z[dz jdxdy 12

Q, xQ
jdxdy

- [ RS Z[
Q, xQy

Vi tit ca cac ham phu thudc X ¢ phuong trinh (12) da blet, ching ta c6 thé thuc hién

tich phan mot chiéu trén Q. :

a, = I R?dx

d2

R-

i

> dx
(13)

R- X,dx

Qy
b, = |
Qy
(y)=
a'y I
Qy
i _ .dzxi
by—é[R e dx
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Khi d6 phuong trinh (12) tr¢ thanh:

js [ ds+b8)d js ¢, (y)dy js Za—dy js Zb dy (14)

Phuong trinh (14) c6 thé dua vé dang manh nhu sau:

2 n n
a, d—S+b R= c
% y dy i1

Cac budc giai dé tim R(x) va S(y) duoc lap cho dén khi két qua hoi tu. Néu ky hiéu

(15)

R (x) va R*Y(x) la ham R(x) da dugc tinh ¢ budc 13p hién tai va budc lap trude, twong

tu Vi s@ (y) va S (y) , tiéu chuan dirng duoc chon nhu sau:
e=[R(x):8 (v)=R* ()5 (y)] < ae)
& day &q 12 hang s6 duoc chon dii bé dé dam bao do chinh xac.

Sau khi cac budc 1ap tim R(x) va S(y) hoi ty, ching ta x4c dinh duoc Xnﬂ( )=R(x)
va S, (Y)=R(y). Qua trinh tim cac cap ham (X;(x),Y; (y)) phai duoc tiép tuc cho dén khi

dat duoc sy hoi tu toan cuc cua bai toan & budc lap tha N, khi d6 nghiém xap xi cua bai toan
duoc tinh nhu sau:

N
P(xy)= 2 X (x)-Yi(y) (17)
i=1
Piéu kién dirng toan cuc cia bai toan duoc tinh nhu sau:
resl, "
RHEX

& day &, 1amot hing s duoc chon du nho va res 1a ham thiang du ciia bai toan,

ou  ou

res:y+y— f(xY) (19)

Mot diéu quan trong dé nhan ra rang phuong trinh Poisson hai chiéu ban dau dugc dinh
nghia trén Q=0 xQ da dwoc chuyén doi thanh cac bai toan mot chiéu trén Q, va Q, véi
phuong phép PGD.

Trong bai bao nay, cac phuong trinh vi phan mét chiéu s& duoc giai bang phuong phap
sai phan hitu han véi do chinh xac bac bén. Xét luéi mot chiéu gom N diém luéi
X, <Xy <o <Xy <X < Xy << Xy < Xy V6i bube lusi déu h=x,,—x. Gia st f(x) la
mot ham bat ky, khi d6 dao ham bac nhat caa ham f véi do chinh xac bac bon tai diém x,

duoc cho nhu sau:
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1 2 2 1
. E ifz_g fi—1+§fi+l_ﬁ i+2 ]
f = - +0(h*), i=3,4,..,N-2
_é fi +4 fi+l _3fi+2 ﬂ fi+3 _1 fi+4
fr=—12 - S 4 4o(h'),i=12 (20)
B A 4B, - T
fr=12 - S — 4 _4+o(h'),i=N-LN

Dao ham bac hai cia ham f véi do chinh xac bac bon tai diém x, duoc tinh bang cong
thirc sau:

_i fi—2+éfi—l_§ fi"‘ﬂ 1:i+1_i
fro_12 7 3" 21 3™ 12
i h2
+0(h*), i=34,.,N-2
E fi _E fi+1+@ fi+2 -13 fi+3 +g fi+4 _§
£ 4 6 6 12 6
' h
+O(h4),i=l,2,N—lN

f

i+2

(21)
¢

i+5

Tuong ty, dao ham bac bén cua ham f vai do chinh xac bac bén tai cac diém bién va
cac diém bén trong dugc tinh bai cong thirc sau:

1 13 28 . 13 1
f" = _g fi—s 2 fi_z _? fi_l+? fi _? fi+l +2fi+2 _6 fi+3
i i
+0(h*),i=45,.,N-3 )
@ fi _E fi+l +l42 fi+2 _% fi+3 +l76 fi+4 _@ fi-¢-5 +g fi+6 _Z i+7
fr -3 2 5 3 5

i h4
+0(h*),i=1,23N-2,N-1N

3. H¢ phwong trinh Navier — Stokes

Su chuyén dong ctia dong luu chat duoc mé ta bang hé phuong trinh Navier-Stokes nhu
sau.

p%+p(u-V)u+Vp=,uAu (23)

V-u=0 (24)
o day X= (X, y), u(x,t) :(U (X,t),V(X,t)) va p(X,t) la van tdc luu chit va ap suét cta

dong Iuu chat. Hé s6 p va u 1a hing sb khdi luong riéng va d6 nhét ciia luu chat.
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Kho khan cha yéu gip phai trong 10i giai hé phuong trinh Navier Stokes 1a sy ton tai két
hop van téc - 4p suit voi phuong trinh lién tuc, dé giai quyét vin dé nay, ching toi da st
phuong phap chiéu duoc d& xuat bai Chorin [5]. Trong phuong phap chiéu, viéc rdi rac hé
phuong trinh (23) va (23) duogc trinh bay nhu sau:

n+l  n

"uTz—Vp"”—p"(u" VU + pAu” (25)
V-u™ =0 (26)
vo1 diéu kién bién:
un+1|aQ — ug+l (27)

H¢ phuong trinh (22) — (24) duogc giai theo trinh ty nhu sau:
Buwéc 1: Tinh tryc tiép van tdc trung gian u” tir phuong trinh dong lwong (25) bo qua
thanh phan gradient p suét:

u —u"
:—(u” ~V)u“ +ﬁnAu“ (28)
At Yol
& day u" 1a van toc & bude thoi gian thir n.
Buwée 2: Hiéu chinh ap suét:
n
Ap™t = vy 29
P2 (29)
Pay 1a phuong trinh Poisson cho ap suét, giai phuong trinh nay chung ta s& tim duogc ap
suat & bude thoi gian n+1.
Buwéc 3: Cap nhat van tdc & bude thoi gian n+1
. At .
un+1 =u __ann 1 (30)
yo,
C6 thé thay rang hau hét thoi tinh toan s& mét nhiéu nhat trong viéc giai phwong trinh
Poisson dé tim ap suat dong luu chat nhu trinh bay & budc 2. Trong bai bao nay, phuong phap
PGD dua trén so do sai phan bac bdn duge dé xuit dé giai phuong trinh Poisson.

4. Két qua mo phéng so

4.1. Bai toan Lid-driven cavity flow

Trong phan nay, ching ta sé& tién hanh md phong sb bai toan dong chay nhét khdng nén
trong mot mién vudng Q=[0,1]x[0,1] & cac hé sé Reynolds khac nhau (Re =100, Re = 400,
Re =1000). Cac diéu kién bién Dirichlet dugc 4p dat cho van téc va diéu kién bién Neumann
thuan nhat dwoc 4p dit cho 4p suat. O déy, hai thanh phan van téc déu triét tiéu trén bién,
ngoai tir thanh phan van téc theo phuong x & canh trén caa mién tinh toan la u, =1. Mién tinh
toan dugc chia ludi déu 121x121 va budc thoi gian md phong duoc chon 1a At =10 . Cac
két qua moé phong s& duoc so sanh véi cac két qua caa Ghia va cac cong su duoc trinh bay
theo (U. Ghia va nnk, 1982).

164



u=u,v=0, op/dv=0
- > 5> > —> —> —>

u=0 u=0
v:O V:O
dpféx=0 dp/éx=0

u=0,v=0, ép/dv=0
Hinh 1. Mién tinh todn va diéu kién bién cuia bai toan Lid-driven cavity

Hinh 2. Buong dong ¢ cac hé sé Reynolds khac nhau: Re =100 (trai), Re =400 (giiza) va
Re =1000 (phdi)

Hinh 2 trinh bay duong dong & cac hé sé Re = 100, Re = 400 va Re = 100. Hinh 3 minh
hoa van tbc theo chiéu truc x ¢ vi tri x=0.5 va van téc theo chiéu truc y ¢ vi tri y=0.5 duoc
tinh bang phuong phap IB-PGD roi rac trén ludi khong déu. Tir két qua ¢ Hinh 3 cho thay
phuong phap dé xuat co két qua dong thuan rat tot voi cac két qua tham khao cia Ghia va
cong su (J. Kim and P. Moin, 1985).

1 T 3 0.4 T
Re=100 (PGD) Re=100 (PGD)
Re=400 (PGD) 0.3t Re=400 (PGD) i
0.8 Re=1000 (PGD) ! Re=1000 (PGD)
®  Re=100 (Ghia) Py 0.21 ®  Re=100 (Ghia) ||
o6l * Re=400 (Ghia) | ¢ Re=400 (Ghia)
' = Re=1000 (Ghia) 0.1 = Re=1000 (Ghia) ||
0.4 0
-0.1fF A
|- - | 4
0.2 -02f
0 . 1 -03f
> ».
04
,02 = -
-05f
-0.4 c r c c -06 c r c r
) 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Hinh 3. Vdn toc theo chiéu truc x ¢ vi tri x=0.5 (trai) va truc y ¢ vi tri y=0.5 (phdi)
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4.2. Bai toan Backward-facing step flow
Trong phan nay, dong chay bac qua mét mién chit nhat dwoc mé ta nhu Hinh 4. Mién
dong chay dugc cho nhu sau [0,30h]x[0,2h], & day h la chiéu cao cua bac. Cac diéu kién

bién khong trugt duoc 4p dung cho ca bién trén va bién dudi. Trudng van tc vao & bién tréi
dugc mo ta la mot dong chay song song véi thanh phan van toc theo phuong ngang va duoc
dinh nghia nhu sau:

u(y)=24y(0.5-y) véi 0<y<05 (31)

2h

Sufcx =0

h 4 --a

1 v=0

/ ~

[ PE N NN

A= \ ~

Al W ! >

/] N

A= A4 \

4= - .

7

AN 33111111 LA RN IR NN AR NI R AR AL AR A AR AR R RN RN RN N NN

< Y ou=v=0

0 L 30h

Hinh 4. Mién tinh todn va diéu kién bién cua bai toan Backward-facing step flow
Thanh phan van téc theo phuwong ngang c6 bién dang 1a parabol vai van téc vao cuc dai
la u,,, =1.5 va van toc vao trung binh la u,,, =1.0. Diéu kién bién dong ra duoc ap dat cho
bién phai cia mién tinh toan. Hé s6 Reynolds duoc dinh nghia boi quan hé sau:
Re=pu,,H/u (32)
& day H =2h la chiéu cao cuia kénh.

Sau day bai toan s& duoc md phong ¢ cac hé sé Reynolds khac nhau. Ludi 1201x81
duoc sir dung dé roi rac mién tinh toan va budc thoi gian duoc chon 1a At =107,

il

L

e e

Hinh 5. Puong dong ciia bai toan dong chay bdc qua mién chiz nhdt ¢ hé s6 Re=100 (trén)
Re =800 (dudi)
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Hinh 5 trinh bay duong dong ¢ cac hé sé6 Reynods 100 va 800. O hé s6 Re=100 mot
x04y nho duoc hinh thanh sau bac. Kich thudc cua xoay gia ting khi ting hé sé Reynolds. O
Re =800, ching ta thdy xuét hién thém mot xody tht hai & bién trén cia mién dong chay.
Hinh 6 trinh bay dai lugng L, /h nhu 1a mét ham caa hé sb Reynolds. Dé kiém chimg do
chinh xac cua phuong phap duoc dé xuit trong bai béo nay, cac két qua duoc so sanh véi cac
két qua thuc nghiém va cac két qua md phong sb da duoc cong bd. Tir két qua so sanh cho
thiy su dong thuan kha tét cua phuong phap dé xuit véi cac két qua tham khao (S. Cai, 2016;
B. F. Armaly va nnk, 2006; J. Kim and P. Moin, 1985; E. Erturk, 2008).

14 f .
12 ]
10 i
L /[h 8 T i
6 F 2 1
”rf 3 ~+—Ludn an
# —Cai [127]
4r & ~-=-Kim & Moi [129] 1
/ = = Armaly (tinh toan) [128]
2 F © Armaly (thyc nghi¢m) [128] 4
Erturk [130]
0 200 400 600 800 1000

Re
Hinh 6. So sdnh chiéu dai viing xody ciia bai toan dong chdy bdc qua mién chiz nhdt

5. Két luan

Bai bao di trinh bay su két hop cia phuwong phap PGD va phuong phap sai phan hitu
han dura trén so do sai phan bac hai dé giai quyét cac bai toan dong chay nhét khéng nén & cac
diéu kién bién khac nhau. Bai béo ciing dua ra hai vi du s6 vé dong chay nhét khdng nén qua
mot mién vudng va mién chix nhat & cac diéu kién bién khac nhau. Cac két qua da duoc cong
bé cho thay tinh hiéu qua ctua phuong phap dé xuat.
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PHUONG PHAP PANG HINH HOC DUA TREN TRiCH XUAT BEZIER
CHO PHAN TiCH DAO PONG TU DO CUA TAM VAT LIEU AP PIEN
BIEN POI CHUC NANG CO LO RONG

Nguyén Thi Bich Liéu*
1. Truong Pai hoc Su pham Ky thugt TP HCM

Tom tit

Phurong phdp dang hinh hoc (IGA) dwoc dé xudt cho dén thoi diém nay 1a mét cong cu
s6 tinh todn mé phang c6 tinh tin cdy va hiéu qud cao cho phan tich cac I6p bai toan
khac nhau. Bai b&o nay si dung phuwong phdp IGA dira trén trich xuat Bézier két hop
véi ly thuyét bién dang cdt bdc cao lién tuc C°dang tong qudr dé phan tich dao déng tur
do cua tam vat liéu dp dién bién déi chirc ndng (FGPM) ¢é 16 rong, goi tat 1a FGPMP.
Bai bdo ciing khdo sdt cac dap iing déng vé tan sé dao dong tw do cia tam vat liéu ap
dién bién déi chirc nang ciing nhir dwea ra két qua vé sir dnh huéng cua chi sé vat liéu
(power index), chi sé thé tich 16 réng (the porosity volume fraction), hiéu dién thé ap
VA0 VA CAc ty so kich thuréc hinh hoc va cdc diéu kién bién khac nhau. Tinh chinh xéc va
dé tin cdy ciia phwong phdp dé xuat dwoc thé hién bang cach so sanh véi loi gidgi gidi
tich va nhing céng bé lién quan trén cac tep chi uy tin.

1. Gioi thiéu

Vit lidu ap dién 1a mot trong nhitng loai vat liéu thong minh, trong d6 cac tinh chét dién
va co hoc di dugc ghép ndi. Mot trong nhiing tinh nang chinh cua vat liéu ap dién 1a kha ning
thuc hién chuyén doi giira nang luong dién va co niang. Theo d6, khi mot ciu trac dugc dan
cac 16p ap dién chiu tai trong co hoc, vat liéu ap dién ¢ thé tao ra dién. Nguoc lai, ciu tric cd
thé duogc thay ddi hinh dang néu dat mot dién truong. Do tinh chat co hoc va dién, cac vat liéu
ap dién da dugc &p dung rong rdi dé tao ra cac ciu tric thdng minh trong linh vuc hang
khong, vil try, 6 t6, quan sy, y té va cac linh vuc khac. Lién quan dén tim tich hop voi céc lop
ap dién, c6 nhiéu phuong phap sé khac nhau dugc dua ra dé dy doan (ng xir cua ching.

Trong thuc té, ciu tric tim vat liéu khdng phai lic ndo ciing hoan hao ma bén trong ton tai
nhitng 16 rdng do qua trinh ché tao vat liéu, lam suy giam do cang cua vat liéu. Nhiing 15 rong nay
c6 thé 1a khi hoac long vi du nhu cdu triic xwong hoic gb trong tu nhién... Nghién ciru dic tinh
twong tac co dién cua vat liéu tm 4p dién phan I6p chirc ning co 15 rong la mot bude dot pha
mang tinh méi va rat can thiét. Loai vat liéu ma bai bao nghién ctru ciing htra hen 13 loai vat liéu
rat dang quan tAm va thu hdt sy chd y ctia cac nha nghién ctru trong va ngoai nudc.

Hién nay trén thé gidi, su turong tac co dién cua cac cau trac ap dién chirc ning da duoc
nghién ctiu boi mot s6 nha khoa hoc. Zhong va Shang (2003) di dwa ra 1oi giai ba chiéu chinh
xé&c cho mot tim hinh chir nhat FGPM véi cac diéu kién bién don gian. Diéu khién dao dong
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tu do va cudng buc cia tim FGPM dudi tai dién co ciing duoc thuc hién boi Jadhav va
Bajoria (2013). Bén canh do, Kiani va cong su (2011) nghién ctu tng xir udn caa dam
Timoshenko FGPM chiu tai nhiét dién. Sir dung phuong phap vi phan bac hai dang téng quét
va ly thuyét tim Mindlin cai tién, Sharma va Parashar (2016) di phan tich dao dong tu do cua
cac tim hinh khuyén FGPM. Uén tinh va dao dong tu do cua mot tim micro FGPM da duogc
trinh bay bai Li va Pan (2015) dya trén ly thuyét modified couple-stress. Ngoai ra, Behjat va
Khoshravan (2012) da dé cap dén phi tuyén hinh hoc cho phan tich tinh va dao dong tu do cua
cac tam ap dién duoc phan loai chirc ning bang phwong phap phan tir hitu han. Gan day nhit,
mot céch tiép can phan tich dao dong tu do va dap Gng tac thoi cua cac tim FGPM di duoc
thuc hién bai Zhu va cong su (2018) cho cac diéu kién bién tong quat.

Vé céc tam FGPM vdi su hién dién caa 15 rdng (FGPMP), theo tra ciru cua tac gia, c6
mot sb bai bao dugc tim thdy gan ddy. Vi du, Barati va cong su (2016) da phan tich dao dong
tu do cua cac tam FGPMP sir dung mot ly thuyét bon bién cai tién, trong d6 dang 15 rdng
dong déu va khong dong déu da duge xem xét. Bong thoi, ho ciing nghién ctru dap ang on
dinh cua cac tim 4p dién théng minh c6 15 réng nam trén nén dan hoi (Barati va cong su,
2016). Pic tinh dao dong ty do cua tim vat lidu da truong tir co dién réng chirc nang (MEE-
FG) ciing duoc nghién ciu boi Ebrahimi va cong su (2017). Wang (2018) nghién ctiu vé tng
X twong tac co dién FGPM rdng trong trang thai chuyén doi. Ngoai ra, Wang va Zu (2017)
da nghién ctru cac dao dong cudng buc phi tuyén cua cac tim FGPM rdng.

Vé tim FGM, céc tac gia nhu Nguyén Pinh Puc va cong su da nghién ctru da dang céc
bai todn vé FGM sir dung phuong phap phan ti hitu han. Nguyén Trung Kién va cong su
cling da ¢ rat nhiéu nghién ctiiu vé tim FGM sir dung phuong phap phan tir hitu han va giai
tich, vi du nhu nghién ciu ly thuyét bién dang cit bac cao cai tién cho phan tich tinh, dao
dong tu do va 6n dinh tim FGM; st dung phwong phép giai tich cho phan tich dao dong tu do
va 6n dinh cua dam phan 16p chirc nang dudi tai co va nhiét; phan tich tinh va dao dong tu do
cua tim sandwich chirc nang sir dung phuong phap phan tir hitu han véi MITC3 hay st dung
ly thuyét bién dang cit bac cao hyperbolic cho phan tich tim FGM... Nhin chung, c4c nha
nghién ciru trong nudc da nghién ciru vé tim FGM véi nhiéu phuong phéap khac nhau, nhung
d6i véi phan tich dang hinh hoc cho tdm ap dién phan 16p chiic ning co 15 réng thi hau nhu
chua thay cong bd.

C6 thé thay rang, cac cdng trinh noi trén da sir dung phuong phap giai tich va phan tir
hitu han dé giai quyét cac bai toan lién quan dén cac tdm hinh chix nhat vai hinh hoc don gian,
trong khi cac tng dung thuc té xay ra vai hinh hoc phuc tap hon. Theo d6, viéc tim mot
phuong phap sé thich hop rat duwoc khuyén khich. Trong bi canh khéc, ¢ chinh xéc cua cac
giai phép sé dé giai quyét cac tim FGPMP duoc nang cao dang ké véi viéc sir dung céc
phuong phép gan dang bac cao hon. Diéu nay 1a 1y do thiic day ching tdi thiét 1ap cong thirc
tinh todn cho mot phuong phap sé M&i vuot ra ngoai phuong phap phan ta hiru han tiéu
chuan. D6 1a phuong phap phan tir hitu han dang hinh hoc (IGA). Trong nghién ciu nay, mot
cach tiép can khéac vé IGA véi trich xuat Bézier s& dugc dé xuat cho phan tich dao dong tu do
tam vat liéu ap dién phan lép chtic ning c6 16 réng sir dung ly thuyét bién dang cat bac cao
dang lién tuc co. Pay 1a mot bai bdo mang tinh méi va tinh khoa hoc cao cho viéc ap dung
phuong phép s6 trong tinh toan bai toan tam.
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2. Co sé ly thuyét

2.1. Ly thuyét tim FGPMP
Xét mot tim FGPMP c¢6 chiéu dai a, chiéu rong b va d6 day h. TAm duoc 1am bang vat
liéu hdn hop PZT-4 va PZT-5H chiu dién thé @(X, Y, z,t) nhu trong Hinh 1, trong do cac bé

mat hoan toan PZT-4 va PZT-5H dugc phan bd & cac 16p trén cung (z=h/2) va dudi cing
(z=-h/2), twong ing. Hai loai tim x4p ap dién chiic ning bao gdm FGPM-I va FGPM-II
dugc xem xét trong nghién ctru nay. D6i vai mot kiéu phan bé déu, FGPM-1, céc tinh chat vat
liéu hiéu qua caa cac tim x6p ap dién thong qua hudng do day duoc tinh toan bang mé hinh
dinh luat dién bién doi (a modified power-law model) (Barati va cs, 2016):

c; (2)= (C —G )(rz] %)g“i'i_%(c;“ili);
(i.1)={(22),(2.2),(13).(3.3).(5,5).(6.6)}
e, (2)=(e! _e:j)(%%jg re S (e +e) (11)=(3D.(33).69)

kﬂz):(k;—ki;)[ﬁgjg+ki;—g<k;+k¢>: (i.1)={(11).(33)

1 ’ | a u |
ij 1 “ va k du(rc dll’lh nghla nhu tren g la chi SO the tich Vat |Ieu dal dlen cho

su phan bd vat liéu trén be day tam, p 1a khéi lwong riéng; cac ky hiéu u va | lan luot biéu thi
cac dac tinh vat liéu ciia bé mat trén va dudi vaar 1a thé tich 16 rdng.

Doi voi loai phan bo khong dong déu (uneven), FGPM-I, 16 rdng tap trung nhiéu & bé
mat gitra cua mat cat ngang va so lugng 16 rong s€ it dan di vé hai phia & mat trén va mat dudi
cta mat cat ngang. Trong trudng hop nay, cac dac tinh vat liéu duoc tinh bang:

o(0)=(a-a)( £+) v -Sfarea)o- T
(i.1)={(22).(12).(1.3).(3.3).(5.5).(6.6)}
)~(e-a)(2+3] el - S22
(i J)={(3'1)( 3),(35)} @
z)=(k; k)(h ;j +ki;—%(k;+ki'j)[1—¥];
(i.1)={(22).(3.3)}
p(z)z(Pu—Pl)(%+%jg+p'—%(pqup')(l—z—

trong do C;

=~
N
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Pé chi ra anh huéng caa phan thé tich 16 rong dén tinh chat vat liéu, tac gia minh hoa su
bién thién cua hé s6 dan hoi ¢y ciia tim FGPM x6p dugc 1am bang PZT-4/PZT-5H so véi
theo d6 day vai céc gi tri chi s6 g khac nhau nhu duoc md ta trong Hinh 2. C6 thé thiy ring
hé s6 dan hoi cia tam FGPM hoan hao o =0thi lién tuc xuyén qua bé mat trén cing (giau
PZT-4) xubng phia duéi.

FGPM-I FGPM-II

Hinh 1. Hinh hoc va mgt cat ngang cuia tam FGPMP

Bé mat (giau PZT-5H) nhu chi ra & Hinh 2a. Khi g = 0, hé s6 dan hdi thi khong doi
thong qua do day tdm. Cac d6 thi biéu dién cua cy; ciing duoc vé trong Hinh 2b va Hinh 2c
turong ung cho tdm FGPM-1 va FGPM-I1I rdng. Nhu di thiy, db thi biéu dién gidng nhau cho
loai tAm hoan hao FGPM va FGPM-1 véi 16 réng. Tuy nhién, d6 1on cua hé sé dan hoi cua
FGPM-I x4p thap hon so voi tim FGPM hoan hao. Do d6, do ciing cia FGPM bi giam khi
tam c6 xuét hién 16 rdng. Hon nira, d6i voi loai FGPM-I1, gia tri hé s6 dan hoi 16n nhat & mat
dudi va mat trén va giam dan vé phia huéng khu vuc giita nhu duoc chi ra trong Hinh 2c.
Hinh 2d hién thi anh huong cua 16 réng dén hé sb dan hoi. C6 thé thiy rang do l6n cua hé sé
dan hoi cua tim FGPM-11 bang véi FGPM hoan hao & mat dudi va mat trén, va bang véi tam
FGPM-I & bé mat gitra tam.

05 . : : : . = <l e — SFT L |
- & =" &

04r .- ) 04 =" !

-7 S g=20 .- !
03F g=20 - ' 03 - '

R ¢ ! - L )
o ) = & ]
02 . ’ ’9_5 o 1 7] 0.2 . d ‘< 5 o 1)
, “,"' ] ’ ‘,“" 1
o1} K D oyl ¢ !
- R o ,l , .
] oor ’ e k s o) ~ K
0t ' /! 1 o1l g=0.8 ’
! ’ g=0 : " K
L 1 ~g= ’ | *
0.2 i 9 0.8 . 027 o ; "
L ,§=0.2 ] | g=0.
03 ., 03 ’
o ’ ’,
04 s 04 e g=0
- .”
05— -= - P R,
08 i (011)1-25 8% 14 75 8 85 9 95 10 105 11 115
x10 Elastic coefficient (c11) %1010

a. Tam FGPM dic
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05 | 05
_____ “““‘3
04 g=20 .- P 04
03 2" Y 03
. 'g=5 - ’
02 L =, 02
’ 4

04 ",¢ ',r 01 FGPM-II
s o & o 5 o

0.4 AN 9=°-8"== \ 01

\ )
02 \, Y 02 FGPM
\ ’ I
03 o gm0, o3 FGPM-|
0.4 '| 041
. . ’.: ==’ ) 05 -
'0-507 08 09 1 11 12 13 174 0.7 0.8 0.9 . 1 . 1.1 1.2 13 14
- - " Elastic coofficiont (@) - - . 10"- ],i‘.las(uc coefficient (c11) x 10"
c. Tam rdng FGPM-I1 d. Tam FGPM, g=0.1
Hinh 2. Khao sat hé so dan hoi ¢11 cua tam FGPM dwoc lam tur PZT-4/PZT-5H véi
a=0.2

2.1. Trwong chuyén vi theo Iy thuyét bién dang cit bic cao lién tuc (on dang tong qudt

Theo ly thuyét bién dang cao (HSDT) téng quat, truong chuyén vi caa diém bat ky trén
tAm c6 nam 4n sd va co thé dugc viét lai boi:

u(x,y,z,t)=u'(x y,t)+zu’ (x, y,t)+ f (2)u’(x, y,t) (3)
trong do
u U, Wy 0,
U=V Ul=qvyr UP=—qWy o U =46, ()
W W, 0 0

V6i Uy, V,, Wy, 6, va 6, la chuyén vi trong mat phang, chuyén vi cat va cac goc xoay
trong mat phang y-z, x-z twong; cac ky hiéu *x’ va “y’ 1a ¢dao ham cua ham bat ky theo bién x
vay tuong ung.

Pé tranh dao ham bac cao trong cac cong thic gan dung va dé& dang &p dung cac diéu
kién bién twong tu nhu phan tir hitu han chuan, cac gia dinh thém vao duoc thyc hién nhu sau:

WO,x :ﬂx 1 WO,y :ﬂy (5)
Thay thé phuong trinh (5) vao phuong trinh (4), ta dugc:
T T
ut={u, v, WO}T ;U :—{ﬁx B, 0} P ul= {GX 0, O} (6)

Tir phwong trinh (6), c6 thé thiy ring truong twong thich bién dang yéu ciu lién tuc C°.
Ly thuyét nay c6 tén goi 14 Iy thuyét bién dang cét bac cao dang lién tuc C° (C°- HSDT).

Dua trén C®-HSDT, bién dang udn va cét duoc biéu didn nhu sau:
g= {gxx £,y ;/XY}T =g’ +ze'+ f(2)e?; y= {;/XZ Ve }T =g + f'(2)e” (7

trong do
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Uy, +Vo ﬂx,y+ . x 0  +06 (8)

Xy Y,X

voi f'(z)1a dao ham cua ham f(z). Trong bai bdo nay, f(z)=z-—=.

2.3. Vit li¢u dp dign
Phuong trinh chu yéu cua vat lidu ap dién tuyén tinh cd thé duoc biéu dién nhu sau:

o| |[c €|
D| |e g ||E )
trong d6 € va o la vecto bién dang va tng suit twong tng; ¢ la ma tran hé s6 dan hoi.
Vecto truong dién E c6 thé dugc dinh nghia:

E=—gradgp=—V¢ (10)

Luu y rang, dbi vai loai vat liéu ap dién duoc xem xét trong cdng trinh nay, ma tran
hang sé tng suat ap dién e, ma tran hang bién dang ap dién d va ma tran hang s6 dién méi g
c6 thé duoc viét nhu sau:

0O 0 O 0 e

15

0o o0 o o0 d

15

e={0 0 0 e Ofd=[{0 O 0 d. O
e, € € 0 0 d, d, d, 0 0 1)
p, O 0
9= 0 p, O
0 0 p,

2.4. Péng hoc ciia tim FGPMP
Ham cia dién thé duoc chon sao cho sy phan b dién va tir thong qua do day tim duoc
thoa man phuong trinh Maxwell trong xap xi gan dung tinh:

2 oot
D(x,y,z,t)=9(2)d(x, y,t)+FZV0e'“’ (12)

trong d6 Vo 1a dién ap ap vao, g(z)1a ham phan b bat ky cua toa do z, (X, y,t)la ham
dién thé trong mat phang tham chiéu va o la gia trj riéng.
Theo phuong trinh (12), cac dién truong (E,, E,va E,) tro thanh:

E, =-®,=-9(2)¢, } E,=-®,=-9(2)¢, E, =, =—g’(z)¢—%e‘”‘ (13)

Dbi véi mot tAm xdp ap dién FG, cac mdi quan hé cau thanh chu yéu dugc mo ta boi:
0; =Cija&u —&;iEx

(14)
D, =ey&q +ki B

174



trong d6 o, &,, D, va E, 1a ung suit, bién dang, chuyén vi dién va truong dién;

Ij !
Cija » € Va ki la ma tran he s6 dan hoi, ma tran hé sb ap dién va ma tran h¢ sé dién moi.

Vecto truong dién E co thé duoc dién ta nhu sau:
E=—grad¢p=-V¢ (15)
Cac cdng thirc trong phuong trinh (14) ciing duoc Viét lai rd rang theo cac dang ma tran
nhu sau:

O Ci G Olgu| |0 0 &0
6’ =40, =€ € 0 |i&,¢—|0 0 & |j0E =C¢-CF°
Oy 0 0 C4lle 00 E

0
¢ 0 g 0
TS — TXZ — C55 B yxz _ e15 B X :Csy_CzEs
Tyz L O C44 yyz 0 e;|_4 y (16)

, -
D*=6,¢ + €8, + Ky E,

trong do C;, €; va IZ”. dinh nghia hé s6 ma tran giam caa tim FGPMP va chung dugc

ij !
dién ta nhu sau:

i
7
h
ok
i

C1=Cy =G, =Cp —,C5 =Cgg
(17)

C13 33 e33
e31 - e31 kll - kll’ k33 - k33 +—
C33 C33

Str dung nguyén ly Hamilton dé co duoc cac phuong trinh diéu khién ciua dao dong tu
do cho céac tam FGPMP:

J:(él—ls — AT, +dIT, )t =0 (18)

trong d6 T, IT, va IT, 1a ning luong do bién dang, dong ning va thé ning do wng suat
ban dau duoc tao ra tir viéc ap hiéu dién thé twong tng.
Ning luong bién dang ol dugc dinh nghia la:
:J. 03O8y + 0,08, +T,, 07, + 7,07, 7,07, — . v (19)
°* | DJE,—-D,5E, - D,SE,

Thay thé phuong trinh (16) vao phuong trinh (19), dang yéu Galerkin c6 thé duoc viét
lai thanh:
I[ a"eb) Chg® (&;b) C°E® + 5y C%y — 5" C3E® }1\7
- 5E*) Cy—(sE*) CE’
Y (~ ) : 20)
I (SE,) (&6, + 658, +KsE, JAV
\

trong do
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De—

g =6 +16+1(2e; &, =60 + 26, + T (2)&] (21)
Phuong trinh (20) ¢6 thé dugc chia thanh hai tich phan doc lap theo huéng bé mat giira
va huéng tryc z nhu sau:

o, - (&) Cb&bd9+( [() eoeans [(#) Ecans [(¢) C§3azd§2]+
Q Q Q
[(&) Caeda+ j ' Cirda+ [(e°) Carda [(¢°) Capda+
Q Q

et a0+ j 1625910 + j £265,60°00 + [ £265,60°00 + [ 162,540 + (22)
Q Q Q

[e8,0p7d+ j Sk S0 — e j o'(z)dz| % e

Q Q

Vé bén phai cia phuong trinh (22) c6 thé dugc viét lai dudi dang nhé gon nhur sau:

Olls =L + A1, + a1 +dl, +dl; +dl +dl, (23)
trong do
al, = .[ (& )T C°&°dQy; A1, = I((bb )T églsOdQ+J.(¢b )T C2eld0r+ j (¢b )T E%e2dey;
) " g (24)
A=[(&) Cardes an=[(¢) Caar an=[(¢) Cavee
Q 2 ]
Al = J. Ck&bsdQ;
Q

AT, = [ e}, opdQ+ j £6254d0 + j £265,08' 000+ [ £53,09°dQ + [ 218504000+
Q Q Q

[eres0pd0+ | Pk SpdQ e j_m o'(z)dz] % Ky, 084dQ
Q Q Q

Mot cach chi tiét, cac thanh phan cua cong thirc trén duoc viét nhu sau:
a1, =[(&") Cade

Q
trong do
b
ab 0o a2 207 A B E
2{8 € € } Cb: Bb Db Fb
Eb Fb Hb (25)
» €, G O
(Ab B® D° Eb EP Hb) J._hlz(]_,z 2%, f(2),21(2), (z)) ¢, C, 0 |dz
0 0 Gy

a1, =[(¢°) Crada+ [(¢°) Eradn+ [(¢°) Ciabda=[(¢°) Cloed
Q Q o 2

trong do
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00
Cﬁz[éﬁl c? 623] C= J'hlzzg‘(z) 0 0 &, |dz
00

0
00 &, 00 &, (26)
_J'h/z )|0 0 &, |dz; C®= J'hszf(z)g‘(z) 0 0 ,|dz
O 0 0 00 O
o, = (&) Gasdo
Q
trong do
& :{830 851}T ;Cs :|:As Bs:|,
B, D, (27)
h/2 , , Cs O
(A;B:D) =] (Lf'()f 2(2)){ 0 Csz
a1, =[(¢°) Ceed va a1, = [(e°) Ciprd
Q Q
trong do
As Ai B<s: . s. psS- NS ) h/2 ' ' él 0
C: {Bi DJ’(A“ B:; D; )—j_hlzg(z)[l,f (2), f 2(Z)]{ 05 éljdz (28)
Al = [(¢°) @i
Q
trong do
h/2 k, O (29)
= _ |dz
.[h/2 |: O k22:|
a1, = [ le3,0p°dQ+ [ £18,06°dQ + [ £26,04°d0+ [ £06L,0p°d+
Q Q Q Q
[eeopd0 [ e2eopd0+ [ ghoopda-—e= " g'(z)dzj% K, ,5¢°d0)
Q Q Q Q
Vai
h/2 h/2 ,
—jh/ 0'(2)6,0z ;65 = .[hlz 29'(z)€,,dz; égl—_[hlzf(z)g (z)€,dz
h/2 , . h/2 , . h/2 ,
&, = 0'(2)&02;6, = .[—hlz 29'(2)6,,0z ; &, =j_h/2 f(z)g'(z)e,dz (30)

2, ' m
9 (z)9'(2)kydz
Cha y rang khi g(z) =0 tai z=+h/2 va g(z) 1a mot ham chin, I g dz =0. Vi thé,
oll, khong bi anh huong baoi cac hiéu dién thé dau vao V,.

Dang bién phan ciia dong ning co thé duoc viét nhu sau:
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ATy = [ s0"mddO (31)

trong do
ut Lo, 1,
a=u?t; =1, 1, I (32)
u® I, Iy I
Trong d6 cac thanh phan 1. (i=1:6) dugc tinh toan nhu phwong trinh (32):
" 2 2 100 (33)
(oLl s 1) = [ p(D)(L2,2% (2,21 (2), f2(2))| 0 1 0 dz
-h/2 O 0 1

Thé ning c6 duoc tir hiéu dién thé bén ngoai ap vao co thé duoc viét nhu sau:

)
NS N
o1, = [ s Moxt | T R Whrkgg [ QUOOW, WO 4y (34
Wy, | [Ny Ny W s\ox ox oy oy

y 0.y

trong do
0o _ 0 nO NI Lt [ 5 DV
NS =0,N°=N’=N'=—¢ I_hlzengdz (35)

2.5. Cong thikc xdp xi dang hinh hec dwra trén trich xudt Bézier cho tdam FGPMP

Phuong phap dang hinh hoc va trich xuat Bézier doc gia c¢d thé tham khao thém & céc
bai bao cua tac gia (Lieu va cs., 2019).

Bing céch sir dung trich xuat Bézier cia NURBS, trudng chuyén vi u cia tim duoc tinh
gan dang nhu sau:

mxn

u(f.n)=§Rz(§,n)dA (36)

Trong d6 m x n 1a s6 ham co s¢, R} (&,77) 1a ham co s& NURBS duoc viét dudi dang
két hop tuyén tinh cua todn tdr Bézier va da thuc Bernstein  va
da={Upn Vor Won Ba Ba O O,) 12 vecto bic ty do tai nat lién quan dén diém
diéu khién A.

Truong dién E trong phuong trinh (15) ¢6 thé dugc viét nhu sau:

E=-VN,, =—B,d, (37)

véi ¢, bac tu do dién lién quan dén diém diéu khién A va N,la ham dang cho Xap Xi
truong dién.

Thay thé pl}u:ong trinh (36) vao Rhuf()’ng trinh (8), thanh phan thtr nhét cia phuong trinh
(23), O, dugc xap xi dya trén trich xuat Bézier cia ham NURBS nhu sau:

AL, =sd"Kd (38)
trong do
K,=[ BIC'B,d2; B,=[B, B, B[ (39)
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va

IRy, 0 00000 |00 0R, 0 00
B,=>/ 0 R, 0000 O0[B,==>/000 Ry, 0 Of
“R,, R, 00000 00 0 R, R, 00 (40

l0oo0o000R, O
B,=>/0 0000 0 R,
10 0 0 0 0 R, Ry,

Thanh phan thtr hai cia phwong trinh (23), o1, c6 duoc bang cach thay thé phuong
trinh (36) va (37) vio phuong trinh (8) va (24).

AL, =&'K.d (41)
trong do

1o (42)
K,=[ (B}) C'B,d2;B5=-) | 0

A=1 RA
Thanh phan thir ba caa phuong trinh (23), oI1,, duoc viét nhu sau:
a1, =6d"K d (43)
trong d6
K =] (B°) CBd; B, =[B! B| (44)
va

Bl

S

@0 0 R, R, 0 oo_Bzszxn:ooooo R, 0 (45)
<0 0 R, 0 -R, 0O 00000 0 R,

A=l
Thanh phan thir tur ciia phuong trinh (23), 1, , tro thanh:

aI, ='K,d (46)
trong do
s\ Asps s | R X (47)
K, =] (B3) C:Bede; B¢:_Z{RA, }
A=1| DAy

Thanh phan tiép theo cta phuong trinh (23), o1, twong tw nhu 1, trong d6 K, 1a ma
tran chuyén cuaK,

s\ Asps . 48
K, =[_(B°) C:Bjdo; (48)
Mot thanh phan tiép theo caa phuong trinh (23), oI1,c6 dang:
ST, = K (49)
Ko =[,(8}) CBydex 50)
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Thanh phan cudi cing cua phuong trinh (23), oI, dwoc Viét nhur sau:

d_[7 = 5dT I<71(|) + 5dT K72¢ + &T K73¢
trong do
K, =K, +K,, +K, =

jQ(B ) E,B dQ+j |5yBZo|Q+jQ(BZ)T ,B.dO;

(51)

(52)

va
f[RAX 00000 O0}B= —Z[o 00 R, 00 O]

mxn

=mzi”;[o 0000R, OB,=>[0R, 00000}

A=1

(53)

mxn

Biz—f[o 000R, 0O0[B=>[000000R,,|
AL AL

B,=-> R,
A=1
Thé ning trong phuong trinh (34) ciing dugc Xap xi nhu sau:
a1, =5d'K,d
trong do

(54)

26V, O @af0 0 R,, 0 0 0 0] (55)
Ki=[,(B { —2<§31V}BdQ ol Z{o 0 RA’y 0000

Phuong trinh chuyén dong cha yéu cé thé duoc suy ra bang cach thay thé phurong trinh
(20), (31) va (34) vao phuong trinh (18) ta duoc:

o ol sl g
0 0]|¢| |Ku Kylld 0
trong do
Kuu:Kl+K3'K| : Ku¢:_(K5+K7l+K72);
(57)

K,=-(K*+K*) ; K,=—(K°+K?)
Thay thé dong tht hai ctia phuong trinh (56) vao phuong trinh dong thir nhat, ta co:

(58)

. .
Md+(K,, ~K,K 7K, )d=0
Phuong trinh chil yéu cua bai toan dao dong tu do ¢d dang:
(K-&’'M)d=0
trong d6 ma tran d6 cirng K toan cuc c6 dang

K=K, —K,KK,

(59)

(60)
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va ma tran khéi lugng toan cuc M dugc mé ta gidng nhu (61).

)
No 1, 1, 1,](N,
My = 34Ny [Tz T3 15 [§NypdQ (61)
N,| |1, 1o I[N,
trong do
=1, 1, I|;
(62)
, 1 1
h/2 2 2
(|1,|2,|3,|4,|5,|6):j_h/2p(1,z,z f(2),2f (2), f (z))dz
R, 0 00000 0O0O0R, 00O 0000O0R, O
Ny=/0 R, 0 000 ON=-0000 R, 0O0;N,=00000 0 R, (63)
0 0R,OOOO 000O0 OO0O 000000 O
3. Vi du sb

Trong phan vi du sb nay, tac gia dua ra hai vi dy 1a tim vudng (c6 nghiém tham khao)
va tam vudng bi khoét hinh trai tim dé lam vi du minh hoa.

Hai diéu kién bién Dirichlet dwoc st dung:
* Tya don:
Uy=W,=6,=5=0 tai y=0,bvav,=w,=6, =4 =0 tai x=0,a
* Ngam hoan toan:
Up=Vo =W =S, =/,=6,=6,=0 taitat ca cic bién.

Bdng 1. Dac trung vat ligu (Ramirez va cs, 2016; Vel va cs, 2004)

He sb PZT-4) pzT-5A" PZT-4"" PZT-5H"™
C11=Cy (GPa) 138.499 99.201 139 126

Ci2 77.371 54.016 77.8 79.1

Cis 73.643 50.778 74 83.9

Css 114.745 86.856 115 117

Css 25.6 21.1 25.6 23

Ces 30.6 22.6 30.6 235

es1 (Cm?) -5.2 -7.209 5.2 6.5

€ss 15.08 15.118 15.1 23.3

e 12.72 12.322 12.7 17

ki (C*m™2N™ 1.306 x10°  1.53 x10? 6.46 x10°  15.05x10°
Kss 1.115x10°  1.5x107 5.62x10°  13.02 x10°

(*): Dac trung vat liéu dwoc cho (Ramirez va cs, 2016).
(**): Dac trung vat liéu duoc cho (Vel va cs, 2004).
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3.1. Tém FGPMP vudng

Mbt tdim vudng FGPM (a/b =1) chiu cac gi4 tri hiéu dién thé va cac diéu kién bién khac
nhau duoc xem xét. Ty s6 a/h = 100. Do chinh xac va tinh tin cdy cua phuwong phap hién tai
duoc kiém ching bang phuong phap giai tich duoc dua ra trong tai liéu tham khao (Barati va
cs, 2016). Tinh chat vat liéu dwoc cho trong Bang 1. Tan sé dao dong khong thir nguyén &

duoc dinh nghia: 5’=a’b2/h~/(P/011)PZT_4- Trudc tién, sy hoi tu va tinh chinh xac cua loi

giai dwoc thyc hién véi phan tir Bézier bac 2 (p = 2) tai cac luéi chia 7x7, 11x11, 15x15 va
17x17 phan tir dwoc nghién ctru va dua ra nhu trong Bang 2 cho tim FGPM hoan hao voi
diéu kién bién hoan toan tya don. Hinh 3 minh hoa lu6i diéu khién Bézier cua tim vuéng
FGPM sir dung 7x7, 11x11, 15x15 va 17x17 phan tir Bézier bac 2. Tan s6 dao dong khong
thtr nguyén duoc so sanh vai loi giai giai tich boi Barati va cong sy (Barati va cs, 2016) sur
dung ly thuyét bon bién cai tién. Ty I& phan trim sai sb twong ddi so vai loi giai giai tich
(Barati va cs, 2016) ciing duoc dua ra trong diu ngoic don. Bang 2 cho thay cac két qua thu
dugc twong dong tot véi gia tri tham khao. C6 thé thay rang cac két qua hién tai hoi tu tt khi
tang s6 lugng cac phan tir. D6 chinh xac cua tan sb khong thir nguyén gan nhu dat duoc doi
véi tat ca cac dién &p bén ngoai str dung cac phan tir bac hai & cac muc ludi 15x15 va 17x17.
Sy khéc biét gitra chiing 1a khong dang ké. Vi vay, ludi cia cac phan tir Bézier bac hai 15x15
dugc chon cho tat ca cac vi du sb nham tiét kiém chi phi tinh toan.

(a) i ’ (b) , (c) i (d)
Hinh 3. Luoi diéeu khién Bézier cua mgt tam vubng FGPM si dung phan tu Bézier bdc 2:
(@) 7x7; (b) 11x11; (c) 15x15 va (d) 17x17
Bdng 2. So sanh sir héi tu cua tan sé khéng thir nguyén dau tién @& cia tam FGPM
hoan hdo khéng réng (o =0) véi cac hiéu dién thé va diéu kién bién khac nhau
(Chi s6 thé tich-Power index)

Vo Phuwong phéap Ludi g=02 o=1 g=5
-500 Hién tai 7x7 6.2275 (+0.349%) 6.0239 (+0.349%) 5.8747 (+0.346%)
11x11  6.2136 (+0.129%) 6.0106 (+0.135%) 5.8618 (+0.125%)
16x15  6.2099 (+0.070%) 6.0070 (+0.067%) 5.8584 (+0.067%)
17x17  6.2098 (+0.070%) 6.0070 (+0.067%) 5.8582 (+0.067%)
Giai tich (Barati va
cs, 2016) 6.20555 6.00294 5.85444
0 Hién tai 77 6.0529 (+0.375%) 5.8395 (+0.371%) 5.6822 (+0.370%)
11x11  6.0386 (+0.138%) 5.8258 (+0.136%) 5.6689 (+0.136%)
15x15  6.0348 (+0.075%) 5.8221 (+0.072%) 5.6653 (+0.072%)
17x17  6.0347 (+0.075%) 5.8220 (+0.072%) 5.6652 (+0.072%)
Giai tich (Barati va
cs, 2016) 6.03027 5.81787 5.66120
500 Hién tai 77 5.8730 (+0.397%) 5.6491 (+0.397%) 5.4829 (+0.398%)
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11x11  5.8583 (+0.146%) 5.6349 (+0.145%) 5.4691 (+0.146%)

15x15  5.8544 (+0.079%) 5.6311 (+0.078%) 5.4654 (+0.078%)
17x17  5.8544 (+0.079%) 5.6310 (+0.078%) 5.4653 (+0.078%)
Giai tich (Barati va
cs, 2016) 5.84974 5.62671 5.46113

Bang 3 dua ra két qua dat duoc cua tim FGPMP so vaéi 1oi giai giai tich tham khao. Chu
y rang céc théng sé vat liéu cho Bang 2 va bang 3 dwoc tham khao tir tai liéu (Ramirez va cs,
2006) duoc cho trong Bang 1. C6 thé thiy rang cac két qua hién tai pha hop tét véi cac 10i
giai tham khao (Barati va cs, 2016) cho ca hai loai FGPMP-1 va FGPMP-II dudi nhiéu loai
dién ap va chi sé thé tich vat liéu g.

Bdng 3. So sanh tan sé khong thiz nguyén dau tién @ cua tam FGPM réng (o = 0.2) vdi cac
hiéu dién thé va chi sé g khac nhau

. FGPMP-I FGPMP-I11

Vo Phuong phip 9=02 g1 9=5 9=0.2 g=1 9=5
-500 Hién tai 6.2526  5.9951 5.8089 6.3810 6.1584 5.9952

Giai tich (Barati va

cs, 2016) 6.2481  5.99103 5.80503 6.37713 6.15487  5.99172
0 Hién tai 6.0797  5.8099 5.6136 6.2111 5.9782 5.8064

Giai tich (Barati va

cs, 2016) 6.0751 5.80571 5.60954 6.20715 5.97455  5.80282
500 Hién tai 5.9018 5.6186 5.4112 6.0365 5.7924 5.6113

Giai tich (Barati va

cs, 2016) 5.8970 5.61429 5.40698 6.03238 5.78861  5.60756

Trong Bang 4 biéu thi tan s6 khéng thir nguyén dau tién & cua tim FGPM khéng rong
véi mot s6 diéu kién bién duoc dwa ra. Nam diéu kién bién bao gdm CCCC, SCSC, CFCF,
CCFF va SCFS dugc nghién cau. Pac tinh vat liéu duoc cho ¢ (Vel va cs, 2004) duoc su
dung. Cac két qua thu duoc duoc so séanh véi cac bdo céo cua Zhu va cong su (2018) st dung
phuong phap giai tich va ly thuyét bién dang cit bac nhat (FSDT). C6 thé thay rang mot su
tring khop tuyét voi dugc tim thay cho cac diéu kién bién, dién ap va gié tri chi s6 thé tich vat
liu khac nhau. Ngoai ra, cac 10i giai sé cho cac tim FGPMP vudng véi cac diéu kién bién
khac nhau duoc dua ra trong Bang 5. C6 thé thiy ring tan sé khong thir nguyén giam khi gia
trj chi s6 thé tich vat liéu tang cho ca hai tam FGPMP hoan hao va khéng hoan hao voi tat ca
cac loai diéu kién bién dua ra. Pidu nay duogc giai thich 1a do sy ma rong chi sé thé tich vat
liéu g dan dén viéc giam do cang caa tam do thanh phan khéi lugng caa PTZ-4 giam. Ngoai
ra, v6i cung gia tri hé s6 do rdng, két qua thu dugc cho tan s6 khdng thir nguyén dau tién caa
loai FGPMP-I thap hon so vé&i loai FGPMP-II. Diéu nay c6 nghia 1a sy phan phdi do rdng c6
anh huong nhiéu dén dap tmg dao dong tu do cua céc tim FGPMP. Mot diém quan trong la
diu cua hiéu dién thé ap vao ciing anh huong dang ké dén (ng xir cua tim. Dic biét, gia tri
am cua hiéu dién thé ban dau cho két qua tan sé 16n hon gia tri dwong cua hiéu dién thé. RO
rang, boi vi dién 4p &m va duong bén ngoai ap vao sé tao ra luc kéo doc truc va luc nén lam
ting va giam d6 cang cua tAm tuong tmg. Luc d6 tan s6 dao dong d6i voi hiéu dién thé am s&
I6n hon hiéu dién thé duong ap vao. Ngoai ra, tan s6 khong thir nguyén dau tién ciing thay doi
dbi vai cac diéu kién bién khac nhau lién quan dén d6 ctiing cua tdm. Vi du, tim FGPMP dugc
ngam hoan toan cd tan sé cao nhat vi tim co d cang 1a 16n nhat.
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Bdng 4. So sanh tan sé khong thiz nguyén dau tién & cua tam FGPM ddc Véi cac diéu kién
bién (BCs) khac nhau (a =0)

001 o1 g2 g6
BCs Vo Thamkhao Thamkhao Thamkhao Thamkhao
(Zhu vacs, Zhu vacs, Zhu vacs, Zhu vacs,
2018) Hientai 2018) Hiéntai 2018) Hiéntai 2018) Hientai
-200 9.483 9.5000 9.083 9.0993 8.988 8.9999 8.865 8.8736
CCCC o 9.426 9.4438 9.011 9.0277 8.910 8.9220 8.780 8.7880

200 9.369 9.3873 8.938 8.9554 8.831 8.8433 8.694 8.7015
-200 7.670 7.6778 7.354 7.3590 7.280 7.2807 7.184 7.1811
SCSC 0 7.606 7.6142 7.272 7.2779 7.192 7.1925 7.088 7.0843
200 7.540 7.5500 7.190 7.1959 7.102 7.1031 6.989 6.9861
-200 5721 5.7509 5.475 5.5075 5.417 5.4477 5.342 5.3718
CFCF 0 5.699 5.7000 5.410 5.4425 5.346 5.3769 5.264 5.2940
200 5.617 5.6484 5.343 5.3764 5.273 5.3048 5.185 5.2146
-200 1.796 1.7960 1.743 1.7435 1.733 1.7339 1.720 1.7212
CCFF 0 1.695 1.6960 1.616 1.6170 1.596 1.5968 1.571 1.5712
200 1.586 1.5879 1.474 1.4765 1.441 1.4427 1.400 1.4004
-200 4311 4.3085 4.138 4.1357 4.099 4.0949 4.047 4.0430
SCFS 0 4.231 4.2290 4.036 4.0341 3.988 3.9844 3.926 3.9216
200 4.149 41474 3.931 3.9201 3.873 3.8697 3.800 3.7952

Bdng 5. Tan so khong thiz nguyén dau tién & cua tam rong FGPM (ar=0.2) Véi cdc diéu
ki¢n bién (BCs) khac nhau

FGPMP-I FGPMP-II
Vo BCs
g=0.1 0=1 g=2 0=6 g=0.1 =1 09=2 0=6
-200 CCCC  9.6109  9.0947 8.9702 8.8148 0.7806  9.3412  9.2331 9.0967
SCSC 7.7663  7.3553  7.2573 7.1349 7.9034  7.5537  7.4685 7.3610
CFCF 58161 55036  5.4286 5.3355 59191 5.6525 5.5875 5.5057
CCFF 1.8100 1.7421 1.7302 1.7149 1.8419 1.7840 1.7736 1.7600
SCFS 43538 4.1323  4.0811 4.0177 44311 42418 41974 41416
0 CCCC 95583 9.0230 8.8904  8.7254 9.7273  9.2714  9.1565 9.0118
SCSC  7.7067 7.2741  7.1670 7.0338 7.8430 7.4746  7.3818 7.2650
CFCF 57683 5.4385  5.3561 5.2542 5.8704 55891 5.5179 5.4285
CCFF 1.7106  1.6153 1.5899 1.5585 1.7467 1.6605 1.6385 1.6110
SCFS 42792 4.0304  3.9679 3.8908 43555 41427  4.0887 4.0211
200 CCCC  9.5053 8.9505  8.8099 8.6350 9.6736 9.2010 9.0791 8.9261
SCSC  7.6466 7.1919  7.0756 6.9311 7.7822  7.3948  7.2940 7.1676
CFCF 57201 5.3721  5.2822 5.1710 58219 55247  5.4470 5.3498
CCFF 1.6150 1.4744 1.4318 1.3790 1.6445 15240  1.4875 1.4421
SCFS 42028 39251  3.8503 3.7582 42782 4.0405 3.9761 3.8958

Hinh 4 hién thi duong cong tan s khdng thir nguyén theo cac gié tri chi s6 thé tich vat ligu
Vi diéu kién bién SSSS, a = b = 100h va V = 0 cho ca hai loai FGPMP-1 va FGPMP-11. C6 thé
thay rang anh huong cua hé s6 do rong dén tan sé ty nhién cia tim FGPMP 1a dang ké. R rang,
khi gié tri chi s thé tich vat liéu tang, tan s6 khong thir nguyén dau tién giam cho tit cae . That
tha vi, két qua thu duoc giam khi ting hé s6 d6 rdng cho loai FGPMP-I. Tuy nhién, hién tuong
nay dugc dao ngugc cho loai FGPMP-II. Do d6, c6 thé khang dinh rang gié tri cua hé s6 do rdng
va loai phan bé cia nd ¢ anh huong dang ké dén dao dong tu do cua cac tam FGPMP.
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Anh huong cua hiéu dién thé ap vao Ién tan s6 khong thi nguyén ddi voi cac hé sé do
rdng khac nhau ciing dwoc mo ta trong Hinh 5. TAm FGPMP c6 a = b = 100h, g = 1 véi diéu
kién bién hoan toan twa don. Theo quan sét, gié tri cua tan s6 khong thir nguyén dau tién lién
tuc giam khi dién 4p thay déi tir -500 Volt thanh 0 Volt va sau d6 +500 Volt cho hai loai phan
bd @6 rdng. Mot Ian nira, viée ting hé sé do rdng dan dén giam tan s6 khdng thi nguyén cho
truong hop FGPMP-I. Quan sat twong ty nhu trén cling c6 thé duoc tim thdy déi véi truong
hop FGPMP-I1.
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Hinh 4. Purong cong cuia tan sé dao dgng khdng thez nguyén ciia tam FGPMP theo chi sé thé tich vat
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Hinh 5. Puong cong ciia tan sé dao dong khong thir nguyen cua tam FGPMP theo hiéu dién thé véi
cdc hé 5o lo rong khac nhau (@ =b =100h, g =1)
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Hinh 6. Puong cong cua tan sé dao dgng khdng thiz nguyén ciia tém FGPMP theo chi'sé
thé tich vat lidu véi cdc diéu kién bién khéc nhau (o = 0.2, a=b =100h, Vo = 200)
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Hinh 7. Puong cong cua tan sé dao déng khong thiz nguyén cuia tam FGPMP theo
hiéu dién thé véi cdc diéu kién bién khac nhau (a = b =100h, g=6)

Sy thay di cua tan s dao dong khong thir nguyén cua tam FGPMP theo chi s thé
tich vat liéu va hiéu dién thé voi cac diéu kién bién khac nhau ciing duoc vé trong Hinh 6
va Hinh 7, twong (ng. Theo cac hinh nay, tan s khdng thi nguyén giam khi gia tri chi sb thé
tich vat liéu va dién 4p tang cho tat ca cac diéu kién bién. Ngoai ra, sau hinh dang ché do dau
tién va két qua bang sb twong tng cho tam rong CCFF loai FGPMP-I dugc minh hoa trong
Hinh 8.

Mode 1: 1.6119 Mode 2: 5.5053 Mode 3: 7.1429

Mode 4: 12.0772 Mode 5: 15.8254 Mode 6: 18.1575

Hinh 8. Sau hinh dang mode cua tém vuéng rong FGPMP-I (o =0.2) cho diéu kién bién
CCFF (a = b =100h, g=2)

3.2. Tdém vudng bj cdt hinh trai tim

Xem xét mot tim vudng ap dién chirc nang khong c6 18 rdng c6 phan bi cat phic tap
(hinh trai tim), nhu trong Hinh 9a. Hinh 9b minh hoa mét ludi gom 336 diém diéu khién voi
cac phén tir Bézier bac hai. Cac diéu kién bién tya don va ngam hoan toan dugc su dung. Pau
tién, dé chimg minh tinh hiéu qua va chinh xéac ciia giai phap hién tai so v6i cac giai phap
khéc, tac gia nghién ciru tim vuong FG c¢6 mot 16 ¢6 hinh dang phtrc tap duge 1am tir zirconia
(ZrO,-2) va nhdm (Al). Céc thdng sb vat liéu dugc dua ra la:
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E, =200GPa; v, =0.3; p, =3000kg/ m*and p,, =2707kg/m’ trong d6 "c"va "m" la
ky hiéu cia gdm va kim loai, twong tng. Tan s6 khong thr nguyén dwoc chuan héa boi

. a
D= a)FJ,oC I E, . So s&nh sau tan s6 khong thir nguyén dau tién gitia loi giai hién tai vai cac

tan s6 dugc dua ra trong dua trén ly thuyét dan héi 3D sir dung IGA dugc trinh bay trong
Bang 6. DBong thoi, két qua dat duoc voi cac gia tri chi s6 thé tich (power index) khac nhau
cling duoc so sanh véi cac 10i giai duoc béo céo trong bing phuong phap khong ¢ luéi dua
trén ly thuyét bién dang cit bac 3 (TSDT). C6 thé thay rang 1oi giai hién tai c6 su tuong ddng
t6t vaoi két qua tham khao cho cac gié tri chi sb thé tich khac nhau cho ca hai diéu kién bién.
CAc gia trj tan s6 khdng thir nguyén giam khi ting cac gia tri chi sb thé tich g.

Tiép theo, phan tich ung xir dao dong tu do cua tim FGPMP dugc dua ra. CAc tan sb
khong thir nguyén duoc tinh bing @=ab? /hy|(p/cy) . Kétqua sé cho tan sé khong thi

nguyén cia tim FGPM hoan hao va khéng hoan hao dugc liét ké twong ung trong Bang 7 va
Bang 8. Anh huéng cua dién ap, diéu kién bién va gia tri chi sb thé tich dén tan s6 khong thi
nguyén dugc dua ra. Cac két qua thu dugc giam khi gia tri chi sé thé tich va dién &p ting cho
ca hai diéu kién bién SSSS va CCCC. Su thay ddi cua tan sb khoéng thir nguyén véi cac ty 18
a/h va hiéu dién thé khac nhau (a=0.2, g = 5) ciing dugc trinh bay trong Bang 9. C6 thé
thdy rang tan s6 phu thuéc manh vao chiéu day tam va hiéu dién thé ap vao. Céc gia tri thu
duogc ting cho céc tam FGPM day va day vira phai cho tat ca cac diéu kién bién va hiéu dién
thé 4p da cho. Tuy nhién, khi d6 day cua tim tré nén mong hon (a/h = 150, 200, 250) thi anh
huong cua hiéu dién thé 1a rat dang ké. C6 thé nhan thay rang véi sy gia ting cia mot mang
c6 gia tri a/h, gia tri am caa dién &p 4p vao lam tang gia tri tin s6 tu nhién, trong khi dién &p
duwong 1am cho két qua thu duoc giam di. Hon nita, vi Vo = 0, tan s tu nhién cua cac tam
FGPMP khong bi anh huong nhiéu boi cac gié tri cao hon cua ty sé a/h. Ngoai ra, sau hinh
dang mode dau tién va tan s khdng thtr nguyén twong tng cho tim vudng CCCC FGPM-I1 ¢
hinh cat tréi tim (a/h = 50, Vo = 0, g = 5,) dugc chi ra trong Hinh 10.
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a) b)
Hinh 9. a) Hinh hoc va b) Mot luéi gom 336 diem dieu khién véi cac phan tu Bezier
bdc hai cua mgt tam vuéng cé hinh cat trai tim
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Bdng 6. So sanh tan so khdng th:z nguyén a):a)W«/pc | E; mgt tam vudng c6 hinh cat

tréi tim (a=b=10,a/b=20)

g Phuong phap Modes
1 2 3 4 5 6
a) SSSS BCs
0 IGA-3D (Thai va cs, 2018) 7.16 11.65 13.09 20.99 21.85 22.54
Khong luéi (Lieu va cs, 2019) 7.1586 11.9392 13.3987 21.5109 22.4376 23.4263
Hién tai 7.1919 11.7590 13.2744 21.2602 21.8712 22.9182
1  IGA-3D (Thai va cs, 2018) 6.58 10.73 12.06 19.35 20.77 20.92
Khong luéi (Lieu va cs, 2019) 6.5853 11.0022 12.3439 19.8282 21.4529 21.6277
Hién tai 6.6167 10.8388 12.2331 19.6016 20.9152 21.1637
5 IGA-3D (Thai va cs, 2018) 6.71 10.88 12.24 19.60 19.73 21.00
Khong luéi (Lieu va cs, 2019) 6.7111 11.1480 12.5192 20.0718 20.2528 21.8177
Hién tai 6.7503 11.0220 12.4433 19.7416 19.9221 21.4607
20 IGA-3D (Thai va cs, 2018) 6.46 10.48 11.79 18.89 19.05 20.25
Khoéng ludi (Lieu va cs, 2019) 6.5590 10.9040 12.2431 19.5863 19.6350 21.3484
Hién tai 6.5932 10.7600 12.1486 19.0919 19.4476 20.9412
50 IGA-3D (Thai va cs, 2018) 6.19 10.07 11.32 18.15 18.81 19.48
Khong luéi (Lieu va cs, 2019)  6.3642 10.5978 11.8961 19.0892 19.4004 20.7723
Hién tai 6.3952 10.4463 11.7934 18.8836 18.9107 20.3444
100 IGA-3D (Thai va cs, 2018) 6.15 10.00 11.25 18.04 18.78 19.36
Khoéng ludi (Lieu va cs, 2019) 6.2664 10.4427 11.7206 18.8120 19.3328 20.4784
Hién tai 6.2964 10.2900 11.6165 18.6026 18.8448 20.0477
b) CCCC BCs
0 IGA-3D (Thai va cs, 2018) 15.8 27.28 27.45 33.22 34.28 41.21
Khong luéi (Lieu va cs, 2019) 16.0324  27.2803 27.5366 33.8496 35.1963 43.1084
Hién tai 15.9791  27.4452 27.5505 33.5359 34.5845 41.9276
1 IGA-3D (Thai va cs, 2018) 14.62 25.17 25.32 30.68 31.67 38.10
Khong luéi (Lieu va cs, 2019) 14.7836  25.1888 25.4231 31.2910 32.5400 39.8986
Hién tai 147377  25.3346 25.4308 30.9969 31.9722 38.8082
5 IGA-3D (Thai va cs, 2018) 14.79 25.38 25.54 30.83 31.80 38.16
Khong ludi (Lieu va cs, 2019) 14.9499  25.3745 25.6213 31.4109 32.6465 39.8958
Hién tai 14,9715  25.6918 25.7906 31.3627 32.3396 39.1699
20 IGA-3D (Thai va cs, 2018) 14.41 24.74 24.90 30.07 31.02 37.23
Khong ludi (Lieu va cs, 2019) 14.6255  24.8309 25.0696 30.7487 31.9625 39.0741
IGA-3D (Thai va cs, 2018) 14.6122  25.0712 25.1681 30.5945 31.5460 38.1960
50 IGA-3D (Thai va cs, 2018) 13.8 23.79 23.93 28.95 29.87 35.90
Khong luédi (Lieu va cs, 2019)  14.2233  24.1747 24.4041 29.9665 31.1547 38.1231
Hién tai 14.1904  24.3597 24.4535 29.7448 30.6726 37.1603
100 IGA-3D (Thai va cs, 2018) 13.64 23.45 23.60 28.56 29.47 35.43
Khong luégi (Lieu vacs, 2019) 14.0187  23.8394 24.0645 29.5646 30.7388 37.6306
Hién tai 13.9804  24.0057 24.0980 29.3229 30.2390 36.6471
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Bang 7. Tan sé khdng thir nguyén dau tien &= b? [ h, /( pl cﬂ)PZT_4 cua tdm FGP hoan
hdo vudng cé hinh cat trai tim (o =0) véi cac hiéu dién thé khac nhau (a =b=10,a/b=20)
Tam FGPM hoan hao
g=0 g=1 g=5 0=20 0=50 g=100
500 SSSS 58501 54275 52457 51149 50622  5.0409
CCCC 150403 14.0986 13.6657 13.3776 132683  13.2248
0 SSSS 58497 54270 52453 51143 50617 50403
CCCC 150400 14.0983 13.6655 13.3773 132680  13.2246
500 SSSS 58493 54265 52448 51138 50613 50399
CCCC 150397 14.0980 13.6653 13.3770 132678  13.2244

V, BC

Bdng 8. Tan so khong thir nguyén dau tién @ cua tam vuébng FGPMP réng c6 hinh cat
tréi tim (o =0.2) vdi cac hiéu dién thé khac nhau (a=b = 10,a/b=20)

Vo BC FGPMP-I FGPMP-II
g=0 g=1 0=5 g=0 g=1 0=5
-500 SSSS 5.9470 5.4161 5.1898 6.0248 5.5644 5.3669
CcccC 15.2538 14.0702 13.5298 15.4377 14.4097  13.9347
0 SSSS 5.9466 5.4156 5.1893 6.0244 5.5639 5.3664
CcccC 15.2536 14.0700 13.5296 15.4375 144095  13.9345
500 SSSS 5.9462 5.4152 5.1889 6.0240 5.5635 5.3660
CCccC 15.2534 14.0698 13.5294 15.4373 14.4094  13.9343

Mode 1: 14.2292 Mode 2: 25.1062

Mode 4: 30.6466

Mode 5: 30.9956 Mode 6: 39.0102
Hinh 10. Sau hinh dang mode ciia tam vudng réng c6 hinh cat trai tim FGPMP-I cho
dieu kién bién hoan toan ngam (a/h=50, V=0, g =5, =0.2)

189



Bdng 9. Tan so khong thiz nguyén dau tién @ cua tam vudng FGPMP réng c6 hinh cat
tréi tim vai céc ti sé a/h khac nhau (a=b=10, « =0.2, g=5)

BC h FGPMP-I FGPMP-II
8 Vo =-500 Vo=0 V=500 Vo =-500 Vo=0 V=500

SSSS 20 5.1898 5.1893 5.1889 5.3669 5.3665 5.3660
50 5.3195 5.3122 5.3048 5.5039 5.4968 5.4897
100 5.4438 5.3855 5.3265 5.6299 5.5737 5.5168
150 5.6222 5.4296 5.2281 5.8048 5.6187 5.4247
200 5.9141 5.4722 4.9818 6.0889 5.6612 5.1901
250 6.3431 5.4997 45101 6.5071 5.6983 4.7426

CCcCC 20 13.5298 13.5296 13.5294 13.9347 13.934 13.9343
50 14.2322 14.2292 14.2263 14.6945 14.691 14.6888
100 14.8413 14.5181 14.7948 15.3211 15.298 15.2763
150 15.4552 14.8778 14.5998 15.9344 15.359 14.9844
200 16.1832 14.9018 14.0176 16.6566 15.481 14.3038
250 17.0282 14.9380 13.5174 17.4951 15.516 13.8091

4. Két luan

MGoét cach tiép can ph'?ln tir hiru han déng hinh hoc dua trén trich xuit Bézier str dung C’-
HSDT d¢é phan tich dao dong tu do bai toan tuong tac co dién ctia tim rdng 4p dién thay ddi chirc
ning da duoc trinh bay trong cong trinh nay. Bang cach str dung trich xut Bézier, viéc thuc hién
IGA tr& nén dé dang véi cac ham co s& Bernstein, c6 chirc ning tuong ty nhu cic ham dang
Lagrange khi s dung Bézier lién tuc C? cho céc phﬁn tir. That tha vi, két qua thu duoc rat phu
hop véi cac nghién ciru tham khao. Hon nita, 10i gidi s6 cho tim FGPMP vudng khoét hinh trai
tim dat duoc trong khi cac 10i giai giai tich chua dugc dua ra. Trong sudt qué trinh phén tich dao
dong tir do, c6 thé nhan thiy rang hiéu dién thé bén ngoai, chi sd thé tich vat liéu, hé sb do rong,
sy phan bd do6 rdng, kich thudc hinh hoc va cac diéu kién bién khac nhau anh hudng déng ké dén
tan s6 dao dong tu nhién cua cAu truc rat 16n. Su két hop cua IGA dua trén trich xuét Bézier va ly
thuyét C°-HSDT cho thay déng gop dang ké trong bai bao nay.
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SO SANH XU LY NEN PAT YEU CO CHIEU DAY LON
BANG PHUONG PHAP PONG CU TRAM VA PHUONG PHAP
PONG COC CDM

D6 Thi Ngoc Tam'
1. Truong Pai hoc Thu Ddu Mét.

Tom tit

Hién nay, dé xdy dung cdc céng trinh nha dan dung thdp tang trén nén dat yéu cé chiéu
day 1om thi phirong phdp xir 1y nén ddt yéu phé bién nhat la déng cir tram véi mat dé 25
cay/m? Tuy nhién, phuong phdp nay cé mét nhwoe diém la phu thude vao chiéu dai t6i
da ciia cir tram trong viéc xir Iy lam tang kha ndng chiu tdi trong ciia dat nén. Vi vdy,
noi dung bai bao di theo huong phan tich, danh gia kha nang chiu tdi trong cuc han cua
nén dat bin cé chiéu day 1ém khi xir Iy bang phwong phdp coc CDM véi chiéu dai bang
chiéu dai ciia cir tram, dong thoi so sanh véi phwong phdp déng cir tram dé thdy doc
hiéu qud cia tirng phirong phdp. Déi véi co so 1y thuyét tinh todn, phwong phdp phan tir
hitu han véi su ho tro ciia phcfn mém Plaxis dwoc sir dung dé nghién cvru phdn tich tinh
toan vé sirc chiu tdi ciia nén.

1. Dit van dé

Phuong phép xir Iy nén dét yéu bang cir tram dang duoc sir dung pho bién hién nay phu
thudc vao chiéu dai cir tram, vi vay khi mudn ting kha ning chiu tai ciia dat nén thi chi con
cach ting s6 lugng cir tram trén mét vudng, tuy nhién, khi ting s6 luong cir tram trén 25
cay/m? thi kha nang chiu tai cua dt nén ty 1& nghich véi sb luong ctr tram. Xir 1y nén dét yéu
c6 chiéu day 16n bang phuong phap coc CDM c6 thé giai quyét duoc nhugc diém vé chiéu dai
ctia ctr tram... Bai bdo nay giup cho sinh vién, k¥ su trong qua trinh thiét ké c6 cai nhin tong
quan vé hai phwong phap xu 1y, c6 phuong an lua chon trong viéc xir Iy nén dat yéu va co
phuong an thiét ké phu hop voi ting truong hop thyc té.

2. Co s6 ly thuyét
2.1. Phuwong phdp hién truwong xdc dinh svrc chiu tdi
2.1.1. Xac dinh sivrc chiu tai theo thi nghiém SPT

Theo TCVN 226-1999 (Bo Xay dung, 1999), tai mdi do sau thi nghiém, tinh toan strc
khang xuyén SPT — Ny 14 tong s bua & 30cm xuyén sau cung ciia mili xuyén, mdi quan hé
gitra s6 bua (N3p) va strc chiu tai nhu sau:

Surc chju tai cho phép cua mong nong:
o=aN,,/10 (@))
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v6i a=1 d6i véi dat khong béo hoa, a=2/3 dbi voi dat bio hoa.
Sirc chju tai cho phép cua coc:

Q:%[aNaAp +(0.2N,L, +cL,)D]| )
Trong do:
Q — sirc mang tai cho phép cua coc, tan;
Ap - tiét dién coc, m;
D — duong kinh coc, m;
L. — chiéu dai doan coc nam trong dét cat, m;
L — chiéu dai doan coc nim trong dét sét, m;
Na — gid tri N3p cta dat dudi mii coc, bua/30cm;
N¢ — gia tri N3p cta dét cat bén than coc, blia/30cm;
C — lyc dinh cua dt sét bén than coc, tAn/m?.

a - hé s6 phu thudc vao phuong phép thi cong, o =30 véi coc bé tong cdt thép dong
ho#c khoan dan c6 bom vira xi ming thanh va ddy, o =15 véi coc khoan nhoi.
2.1.2. Xac dinh svrc chiu tai theo thi nghiém ban nén tinh
Thi nghiém ban nén tinh dugc xem 1a phuong phap c6 do tin ciy cao nhat dé xac dinh kha
nang chiu tai cua dat nén. K&t qua chinh cua thi nghiém nay 1a quan hé gitra d¢ Iun va cac cap
ap luc. Thong qua quan hé nay nguoi thiét ké c6 thé xac dinh dugc stc chiu tai cho phép cua
dat nén, tir do kiém tra va danh gia dg an toan, d 6n dinh cho nén khi chiu tai cong trinh.
Thi nghiém ban nén hién truong 13 ting tai ting cap 1én ban nén, do chuyén vi dimg 6n
dinh cua ban nén g vdi ting cap tai trong.
2.2. Phwong phdp dwa trén mirc dg phit trién ciia viing bién dang déo trong nén
Noi dung ching minh cta phuong phéap dya trén quy ludt can bang déo Morh—Coulomb
nham han ché viung bién dang déo trong pham vi nén sao cho dat con ung xir nhu mét vat ligu:
R® = m(Aby, + BD;; + Dc) 3
Stre chiu tai tiéu chuan dugc trinh bay trong TCVN 9362:2012 (Bo Xay dung (2012) da
duoc xét thém diéu ki¢n dong thot gitra nén va cong trinh va dugc goi 1a strc chiu tai tinh toan
theo trang thai gidi han tha hai Ry ctia dat nén.
R, =(Aby, + BD¢y” +Dc ) 4)

Trong d6: my va m; lan luot 1a hé so diéu kién lam viéc ctia nén dat va hé so diéu kién lam viéc
cta nha hodc cong trinh c6 tac dung qua lai vdi nén;
ki 1a hé s0 tin cay;

A, B va D 1a cac hé sd khong thtr nguyén phy thudc vao gia tri tinh toan ciia goc ma sat
trong;

b 12 canh bé (bé rong) ciia ddy mong, tinh bang mét (m);

h 1a chiéu sau ddt méng so voi cdt quy dinh bi bat di hodc dap thém, tinh bang mét (m);
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yir 14 tri trung binh (theo timg 16p) cuia trong luong thé tich dat nam phia trén do sau dit
moéng, tinh bang kiléniuton trén mét khdi (KN/m?);

i ¢6 ¥ nghia nhu trén, nhung cua dt nim phia dudi day mong, tinh bang kiloniuton trén
mét khdi (kN/m?);

ci 12 tri tinh toan cua lyc dinh don vi cua dat nam tryc tiép dudi day mong, tinh bang
kilopascan (kPa);

ho 14 chiéu sdu dén nén tang ham tinh bang mét (m). Khi khong c6 ting ham thi 1iy h, =0.

2.3. Phwong phdp cin bang giéi han diém trong pham vi nén dit ngay sdt duwdi ddy
mong

2.3.1. Loi giai cua Prandit

Prandt] quan sat truc tiép hinh dang cac mit truot dat nén bén dudi moé hinh méng va giai
hé phuong trinh 12 voi gia thuyét khong xét trong lwong dat nén y = 0. Strc chiu tai dit nén
duoc thiét 1ap nhu sau:

1+sin
Je”'tg(o —c.cotge

=|yD; +c.cot
Gt (7/ f g¢)l—sin ) (5)
2.3.2. Loi giai cua Sokolovski

Sokolovski dua ra 10i giai hé phuong trinh 12 cho bai toan phang c6 xét dén trong lugng
ctia dat.

2.3.3. Loi gidi cua Bérézanev

Piém tién bo ctia phuong phap nay 1 xét dén sy ton tai ctia ném dat dudi day mong.

3. Ung dung tinh toan cho céng trinh Cw x4 Ngin hang quén 7
3.1. Gidi thiéu cong trinh

Cong trinh cu x4 ngén hang nam & quan 7, Thanh phé HO Chi Minh. C6 hd so dia chit
nhu sau:

Lép 1: Bun sét, mau xdm xanh, trang thai chay, day 28m.

Lop 2: Sét, mau xam xanh, trang thai déo ctiing, day 12m

Lép 3: Sét pha, mau vang, trang thai déo cung, day 8m

3.2. phwong phdp tién hanh mé phong

Xeét kha nang chiu tai trong cuc han cua nén dat bun ty nhién khi gia ¢ clr tram véi
mat do 25 céy/mz, chiéu dai L=4m.

Xét kha nang chiu tai trong cuc han cia nén dat bun tu nhién khi gia cd béng coc CDM,
duong kinh coc D=0.2m, khoang cach giita hai coc d=1.2m, chiéu dai coc L=4m.

3.3. Mé phéng bai todn bang phwong phdp phén tiv hivu han (Plaxis V8.2)

3.3.1. Cdu tao nén céng trinh tdi tac dung
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TAI PHA M BS BEL, g=(KMN/M2)

S P SN P N P P P P P S A
LR BUM SET, TRAMG THAI CHAY
A Y 28m
LOP SET, TRAMG THAI DEC CILFMNG
DAY 12m
LOP SET PHA, TRAMG THA I DEC CILFMNG
Y 2m
Hinh 1. Cdu tao nén
3.3.2. Thong s6 ddt nén
Bing 1. Bing théng sé dit
o Dat bun sét , .
Tén 16p dat (trang thai chay) Cét san lap
Ung xtr Undrained Drained
yunsat(kN/m®) 13.5 20.1
ysat(kN/m®) 13.8 20.68
kx=ky=kz(m/day) 2.1x10-3 6.7 x10-3
c'(kN/m?) 3.6 12.6
¢'(do) 2.31 28.2
Y(do) 0 0
Poisson v 0.35 0.33
Eref(kN/m2) 2000 20000
Rinter 0.9 0.9

3.3.3. Théng sé cir tram

Bing 2. Bing théng sé cir tram, dai 4m

Tén vat liéu Cur tram
Chiéu cao (m) 1
Puong kinh trung binh (m) 0,09
M6 men quan tinh (m?) 6,08E-05
Dién tich mit cit ngang (m?) 0.09
Modul dan hdi (KN/m?) 100000
EA 9000
El 6.08E+00
D 0.09
vgd (KN/m®) 18
y dit bun (KN/m®) 14.8
Trong lugng két ciu 0.288
Hé sb poisson 0.3
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3.3.4. Théng sé coc CDM
Bing 3. Bang thong so coc CDM, dai 4m

Tén vat liéu CQ.C ¢DM ;
T (coc xi mang dat)
Ung xur Undrained
yunsat(kN/m®) 17.6
ysat(kN/m®) 19.8
c'(kN/m?) 2
9'(d9) 30
¥(do) 0
Poisson v 0.35
Eref(kN/m?) 2500
Rinter 0.9

3.3.4. M6 phong bang phan mém Plaxis V' 8.2.

3.3.4.1. Nén dat bun ti nhién khi gia cé cir tram véi mdt do 25 cay/m2, chiéu dai L=4m

S#51EF53FEBI4ET197718 8265 B2 B L3 £30 PAOATAGI FA 1979 21 TR 1A3AIA5A 13 904943 TAUA SASAAHST
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Plaxis 8.2 Calculations

Edit View Calculate

File Help

= T = St
Input put  Curwes & EI * 1 +1 = W."
General ! Parameters I Multipliers I Preview l

—Phass —Caloulation type—

Number /ID.: |4 ON DINH] | Phifc reduction ]
Start from phase: |3 - TAI TAC DUNG | Advanced
—Log infor —Comments
oK s
Parameters
& Mext | &3 Insert | &5 Delete... |
[ Identification | Phas=no. | Startfrom | Caleulation | Loading input | Time | water | f !

Initial phass 1] 1] NSA NfA 0.00 ... 1] LB
{'!'I‘[[COMGCUTR... 1 1] Plastic Staged construction 0.00 ... 1 1
'{ CAT GIACO 2 1 Flastic Staged construction 0.00 ... 2 =
( TAI TAC DUNG 3 2 Plastic Staged construction 0.00 ... 3 b
{ONDINH 4 5 Phific reduction Incremental multipliers 0.00 ... 5 7
7 i =]

I 4
—— — — i

3.3.4.2. Nén dat bin tw nhién khi gia cé bang coc CDM, dwong kinh coc D=0.2m,
khoang cach 2 coc d=1.2m, chiéu dai coc L=4m

167

281

235

285 333 3w 494,
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=2 Plaxis 8.2 Calculations - COC CDM.plx

(] (e
File Edit View Calculate Help
HEE g M wom
Input  Cutput Curves = +I+I "
General |Earaneters| Multipﬁersl Prenﬁew'
~Phase rCaloulationtype
Number/ID::  [4  [ONDINHNEN |Phic reduction -
Start from phase: [3 - TAI TAC DUNG | advanced. |
Log infor —Comments
Ok s
Parameters
& text | & Insert | & Dekte... |
Identification | Phase no. | Start from | Calculation | Loading input | Time | Water | ;
Initial phase 0 0 N/A 0.00.. 0
o THICONGCDM 1 0 Staged construction 0.00.. 1 I
 CATGIACO 2 1 Staged construction 0.00.. 2
o TAITACDUNG 3 2 Staged construction 0.00 30
4 3 Phifc reduction Incremental multipliers
<[ b
| 4
3.4. Két qua mé phéng tinh todn
3.4.1. Bang chuyén vi nén theo tirng cdp tdi trong
Bing 4. Bing chuyén vi nén theo tirng cdp tdi trong
CHUYEN VI TAI TRONG TAC DUNG (KN/m?)
(cm) 25 30 40 50 60 70 80 90
GIA CO CU TRAM 25
CAY/m? 1.93 | 2.26 3.6 5.2 6.3 6.5 7.6 11.4
(cm)
GIA CO(CCn%C CcbM 1.1 1.35 1.7 2.2 2.65 3 3.55 3.97
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3.4.2 Biéu d6 chuyén vi nén theo tirng cdp tdi trong

BIEU PO CHUYEN VI NEN THEO TU’NG CAP TAl TRONG

12

10
//
= 8
g A 6
& __-’,
z ¥ s 6.5
= =
Z /.’5;
5
5 4 ] & —3-57
e
/"3.6 —
—T]
|
2 — T 226 —=TT
"1™} ’
=TT
(o
25 30 40 50 60 70 80 90

TAI TRONG TAC DUNG (KN/m2)

== C[f TRAM 25CAY/M2 == COC CDOM

4. Két luan va kién nghi
4.1. Két lugn
Tur két qua md phong, tinh toan, nhan thay rang:

— Chuyén vi cta nén dat bun sét trang thai chay khi gia ¢ bang cir tram véi mat d6 25
cay/m? 16n hon gia ¢b bang coc CDM (coc xi ming dt, duong kinh 0.2m, Khoang cach giira
ahi coc 1a 1.2m, chiéu dai coc L=4m).

— Véi chiéu dai va duong kinh coc c6 thé thay doi dugc dé ting kha nang chiu tai caa
nén, phuong phap xu 1y nén bang coc CDM co thé giai quyét nhuoc diém ctua phuong phap
dong cir tram trong xay dung nha thip ting hodc dudng giao thong trong ving dat yéu c6
chiéu day 16n.

4.2. Kién nghi

Can phan tich, phat trién bai toan nay trong truong hop so sanh, c6 xét dén yéu té kinh
té va yéu cau k¥ thuat thi cong clia timg phuong phap dé dua ra nhan xét tong quan hon cho
tung phuong phap.

TAI LIEU THAM KHAO

1. BO Xay dung (1999), TCVN 226:1999 vé tiéu chuan thi nghiém hién trudng — thi nghiém xuyén tiéu
chuén.

Bo Xay dung (2012), TCVN 9362:2012 vé tiéu chuén thiét ké nén nha va cong trinh.

Chau Ngoc An (2002), Nén méng, NXB Dai hoc Qudc gia TP HCM.

Chau Ngoc An (2012), Co hoc dat, NXB Pai hoc Qubc gia TP HCM.

PGS.TS Db Van B¢ (2011), Phan mém Plaxis iing dung vdo tinh todn cic céng trinh thiy cong,
NXB Xay Dung.
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SO SANH HIEU QUA SU DUNG CUA DAN THEP THONG THUONG
THEO TCVN 5575-2012 VA DAN THEP DUNG THANH THANH MONG
THEO TIEU CHUAN AS/NZS 4600:1996 (UC) TRONG KET CAU
MAI NHA NHIP NHO

Trin Vin Phé!
1. Truong Dai hoc Thii Ddu Mét.

Tom tat

Bai bdo trinh bay két qua tinh toan, phan tich, danh gia va dua ra két qua so sanh mgt
cach cu thé vé hiéu qua kinh té, ky thudt cua viéc siz dung dan thép théng thurong (thanh
la thép gdc can néng theo TCVN 5575-2012) véi dan thép dung thanh thanh mong theo
tiéu chuan AS/NZS 4600:1996 (Uc) trong két cdu mai nha nhip nhé bang cd vé so liéu
tinh toan ldn két qua thuc tién thi cong ngoai cong truwong xay dung. Két qud nghién
ciru déng gop co s6 khoa hoc dé vmg dung céng nghé méi ciia Uc véi nhiéu wu viét vé
trong lwong, kha ndng san xudt va hiéu qud kinh té vao thiee té xdy dwng ¢ nudc ta.

1. Pit van dé

Ngay nay, khoa hoc k§y thuat da phat trién vuot bac trong moi linh vuc cua doi sdng x&
hoi. Trong d6, nganh xay dung ciing dat duoc nhiéu thanh tuu to Ion trong cai tién cdng nghé
san xuat va cong nghé thi cong ciing ngay cang hién dai. Yéu cau vé tham my, kinh té, k¥
thuat ngay cang cao va stc ép canh tranh doi hoi nganh xay dung khdng nging cai tién ca vé
nguyén vat liéu 1an céng nghé va k¥ thuat thi cong xay dung. Do nhing wu diém vuot troi vé
trong luong nhe, tinh c6ng nghé va kha nang chiu luc cao, két cu thép thanh mong tao hinh
nguoi dang trg thanh mot phuong hudng phat trién méi trong cong trinh két cau thép & Viét
Nam. Tuy vy, nudc ta hién van chua co tiéu chuan thiét ké riéng cho loai két ciu nay. Viéc
str dung tiéu chuan Viét Nam ddi voi thép can nong (TCVN 5575-2012) 1a hoan toan khong
phu hop. Viéc thay thé hé két cdu mai thép thong thudng (cAu tao bang cac thanh thép goc)
bang hé két cdu mai thép dung thanh thanh mong (ciu tao bang cac thanh thanh mong) c6
nhiéu vu thé hon vé gia thanh nguyén vat liéu san xuat va lap dung, thi cong don gian, nhanh
gon, tién loi v& nhiéu mit va co gia tri tham my cao 1a mot nhu cau tat yéu.

2. Ndi dung va két qua nghién ciu
2.1. Co s6 Iy thuyét thiét ké dan thép diing thanh thanh méng theo tiéu chuin Uc

Thép duogc sir dung dé l1am két cau tao hinh nguoi 1a cac loai thép dam bao tiéu chuan
AS 1163, AS 1397, AS 1594 va AS/NZS3678. Buong nhién khong chi co thép dat tiéu chuan
AS méi dugc dung theo quy pham AS 4600. C6 thé dung céc loai thép khac néu thoa man
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duoc cac diéu kién sau day vé tinh déo: ty s6 gidi han bén trén gisi han chay phai khéng nho
hon 1,08; d6 dan téng cong khdng nhé hon 10% d6i véi mau chuin 50mm hoic 7% ddi voi
mau chuan 200mm.

Néu thép khong thoa man diéu kién trén thi ciing c6 thé ap dung cho mot sb truong hop
nhung gia tri f, khong lay 16n hon 75% gia tri thyc cta thep va khdong qua 45kN/cm,.

Tai trong va té hop tdi trong:

CAc gi4 tri tai trong danh nghia, cac to hop tai trong va cac hé sb tai trong twong ung
dugc cho trong tiéu chuan tai trong cia Uc AS 1170. Duéi day trich din mot sé quy dinh cua
tiéu chuan nay.

C4c t hop tai trong co ban cua trang thai gii han chiu luc:

1,25G + 1,5Q;

1,25G + W, + yQ;

G+ Feq + yeQ;

0,8G + 1,50;

0,8G + W, (trudng hop gi6 bic 1én);

0,8(G + ycQ) + Feg;

Trong do:
G = tinh tai;
Q = hoat tai;

W, = tai trong gid cua trang thai giéi han vé chiu lyc;
Feq = tai trong dong dat;

ye = hé s6 t6 hop cua hoat tai;

Mot s gié tri cua . cho trong bang sau:

Loat hoat tai Ve
San nha dan dung, van phong 0,4
Nha kho 0,6
Mai c6 nguoi 1én 0,4
Mai khong c6 nguoi 1én 0,0

Khi tinh theo trang thai gioi han vé sir dung, tai trong gié Ws chi Iy bang 0,4W,.
Bai toan cu thé : M6 hinh khdo sat

CAU PHONG

THEP HOP 30*60*1.4, a500
XA GO ( © )

(THEP C507125%2, a1000)

LITO
~__ (THEP L30*30*3, a330)

R
o=
& '\QO'

]

1

L -
| 2500 ! 2500 L 2500 _ =4
! 4 I

Hinh 1. So do vi kéo thuong
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2.2. Dan thép dung thanh thanh mong

2.2.1. Tinh toan tai trong dan thép dung thanh thanh mong
1. Tinh tai:

Trong luong ban than hé gian: 10 kG/m?

— Tai treo tran: 10 kg/m?

— Tai ng6i: 44 kG/m?

— Hé sb an toan: ng=1,2

— Gy = gm.Ng.B.a/cos31° = (64.1,2.1,2.1,944)/ c0s31°=205 kG
—G1=Gy/2 =177/2=102,5 kG

2. Hoat tai:

Hoat tai = 30 kG/m®

Hé sb an toan: n,=1,2

P, = P°.n,.B.a/cos31° = (30.1,2.1,2.1,944)/ c0s31°=98 kG
P1 = Po/2 = 98/2=49 kG

2.2.2. So' do tinh dan thép ding thanh thanh mong

Hinh 3. Hoat tdi toan dan thép dung thanh thanh mang
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/s
7\
I3
9

Hinh 4. S6 thir t phan tir dan thép ding thanh thanh mong
2.2.3. Két qud néi luc dan thép ding thanh thanh mong

-8.05
@.38
-8.05
é\ ’J

Hinh 5. Két qua néi lwc ciia cdc thanh dan thép ding thanh thanh mong
2.2.4. Chon va kiém tra tiét dién cdc thanh dan thép ding thanh thanh mong
Théng sb vat liéu cap thép G550 theo AS4600:

E =2,00x10*kN / cm?

G =8000kN / cm?
f, =550MPa

2.2.5. Cong thirc tinh cua AS 4600

Tinh toan cau kién nén vé oan xoan hoic oan xoin udn van theo cdng thirc chung nhu
0an uon doc, nhung riéng f,c thi dugc tinh nhu sau:
1. Tiét dién d6i xung don va ddi xting kép chiu oin xoan hoic oan xoin ubn thi fo. s&
lay gia tri nho hon trong hai gia tri sau:
B °E

oc

(1 /)

1
foc = ﬁ[( fox + foz) _\/( fox + foz)z _4ﬂ fox foz j|
Trong do

x0
s
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fo ’E
"y, /r)

2
f,=— [TE gy
Ar0 Iez

Ciing c6 thé dung cong thirc sau day thién vé an toan dé tinh fo.:
fOC = fOZ fOX/( fOZ + fOX)

Cha y 12 véi tiét dién d6i xtmg don, truc x 12 truc dbi xing.

2. Tiét dién ddi xtiing qua tim (tiét dién chit Z) chiu odn xoin hoic oan xoin uén thi fo
s& lay gié tri nho hon trong hai gia tri sau:
_ 7’E

oc

(1)

2
1 (7; El, +G‘]j

07" a2 2
Ar0 Iez

3- Tiét dién khong d6i xang chiu oan xoin hoic oin xoan uén thi fo s& lay gia tri nho
nhét thoa man phuong trinh bac 3 sau:

ﬁ:l%' iTﬂz - xﬂz - 1’102} + fﬂ%‘ [f"ﬂlifl2 (f:l.x + ﬁ:y + fﬂz) - (ff.lyxg + }‘:'.I.J:yﬂz):l +
ﬂmTUZ (fﬂ.xfay + f:lyf:lz + }El.:':}::z) - [:}::.J:ﬂ:yfﬂzrnz) =0

Phuong trinh nay chinh 12 phuong trinh dic trung cta diéu kién 6n dinh.
2.2.6. Thanh canh trén (chiu nén) (1, 2, 3, 4, 5, 6), canh duoi (7, 8, 9, 10, 11)
Luc doc: P=13,25 kN
Chiéu dai tinh toan:
le =1, =1, =1, =1944mm
Chon tiét dién C10010 c6 céc thong sb hinh hoc nhu trong Bang 1.

N

RS

Shear

CanLre Centre of

gravicy

= x

|B

x and y axes coincide with

- w' and ¥ awes resnectivel

Hinh 6. Tiét dién C10010
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Bdng 1. Pac trung hinh hoc tiét dién C10010

h 102 | mm
b 51 | mm
r 5| mm
t 1| mm
A 2.16E+02 | mm?
rx 41.1 | mm
ry 18.7 | mm
X0 39.9 | mm
rol 60.25703 | mm
J 7.19E+01 | mm4
Iw 1.60E+08 | mm6
d 1.25E+01 | mm

2.2.7. C&c thank xién: chiu nén (12, 13, 15, 17), kéo (14, 16, 18, 20)
Chon tiét dién C7510 c6 cac thdng sé hinh hoc nhu trong Bang 2.

» r
R .

FIoA

RS

Shea

cEnce Centre of

':: . : i Eravicy
- B - = =

[

I l:—h-i—l—(—

W — Y Y |

—

hee ol ©

b4

Hinh 7. Tiét di¢n C7510
Bdng 2. Dac trung hinh hoc tiet dién C7510

h 75 mm
b 38 mm
r 5 mm
t 1 mm
A 1.62E+02 | mm?
rx 29 mm
ry 14.05 mm
X0 13.2 mm
ro mm
rol 34.82302 | mm
J 5.40E+01 | mm4
Iw 4.16E+07 | mm6
d 1.20E+01 | mm
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2.2.8. Tinh toan thanh dién hinh
Kiém tra cho thanh (15, 17)
Luc doc: P=2,7kN
Chiéu dai tinh toan:
le =1, =1, =1, =1054mm
Tiét dién doi ximg don
Ung suat oan do ubn doc dbi vai truc y:

7°E  _2*x2,1E5

" ey Iry)? (1054
14,05

= 351MPa

Ung suat oan do xoan:

02 2
B=1-| X | =1-[132) _ggs5
Iy 34,8

2 2
_ E X2’1E5=1049MPa

f =
(WIS s (1054)2
29

2 2
:i|:7r—EIW+GJ:|:162 134 5 {” x2,1E5x4,16E7 +O,8E5><54}:398MPa
X )

“ AR 12 1054
foc =i|:(fox+ foz)_ (fox—i_foz)2 _4ﬂfox foz}
1 2
: 2—85[(1490 +398) — /(1490 + 398)° — 40,85 1490 x 398 | - 380MPa
X )

Ta chon gia tri nho hon:
foc =351MPa

Tinh @ng suét tgi han f,:

f
do=.|-L = /5—5O=1,25<1,5
f, \351

f, =(0,658% ) f, = (0,658"%" ) x550 = 285, 3MPa
Dién tich hizu hiéu:

Bé rong hitu hiéu Ban bung:

k=4

b =63mm b/t=63<500
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( )\/1_1052(63) 2853 _ 1 o5 0673
E 1)\ 2,1E5

| 022 4 022

o= A __ 125 — 0,66
A 1,25

b, = pb=41,5mm

Bé rong hitu hiéu Canh:
b=32mm b/t=32<60

5=128 | = —1,28x |21E2 _34
f 285,3

Do ciing yéu cau cua sudn bién:

b

_ 3
|, =t*399 (;—)\/% =1'x399 x @Z ,/O’:'SJ =034

Moment quén tinh caa ban than suon:
3 d_3t B 6°x1
12 12

3

=18

Is<la -> suon khong du cung.
I, 18

C,===—""-=0,2
|, 94,3
1,052(bY [f, 1,052(32) [2853
A= e ] =1,21>0,673
J_() E \/_( ) 2165 7
p=—>t = 121 ¢
yl 121
b, = pb=21,7mm

Tinh bé rong hitu hiéu caa mép:

1052 (E) /h _ 1052 (ﬁj 2853 _ 1 36<0.673
K UNE ~fo.43\1 V2185

p=1

de =d =6mm

Do suon khong du cing, bé rong hitu hiéu cia mép chi duoc ding mot phan la:
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d,=C,d, =0,2x6=12mm

Vay A, =162-[(63-41,5)+2 x32-16,6)+2 6-12)] k H0 mm?
Luc nén thiét ké:

N" < @A f, =0,85x110x 285,3= 26, 7kN

N“>P vy tiét dign dat yéu céu.
2.2.9. Tong hop cdc logi tiét dién trén thanh dan thép ding thanh thanh mong
Bing 3. Bang tong hop tiét dién cdc thanh dan thép ding thanh thanh mong

Phén tir thanh Tiét dién F (cm?) L(cm) Ghi cha
1,2,3,4,5,6,7,8,9,10,11 C10010 2,16 200 | Cho mdi thanh
12,13,14,15,16,17,18, 20 C7510 1,62 1740 Téng

2.2.10. Tinh todn lién két vit
Théng sb vat liéu cap thép G550 theo AS4600:

E =2,00x10%kN / cm?

G =8000kN / cm?

f, =550MPa

f, =550MPa
Vit s6 14 c6 dudng kinh d, =6,3mm. Dung vong dém duong kinh 12mm.
Bé day céc thanh lién két t=1mm

Kha nang danh nghia chiu nho tut:

N,, =0,85td, f , =0,85x1x6,3x550 = 2,9kN

Kha nang thiét ké chiu nhé tugt: 0,5 x 2,9 = 1,4kN

Kha ning danh nghia chiu nho bat:

N,, =1,5td, f, =1,5x1x12x550 = 9,9kN

Kha nang thiét ké chiu nho bat: 0,5 x 9,9 = 4,95kN

Gia tri quyét dinh 1a kha niang nhd tuot 1,4kN.

Gia tri luc nén 16n nhat trong céc thanh 1a 1,3kN<1,4kN.

Dé dam bdo an toan va dé phong kha nang ldp dat vit khéng tét, tai mai vi tri lap ghép,
ta dung 3 vit sé 14.

2.3. Dan thép thong thuwong dung thép goc theo TCVN 5575-2012
2.3.1 Tdi trong dan thép thuong

Tinh tai:

Trong lugng ban than hé gian: 10 kG/m?

Tai treo trdn: 10 kg/m?
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Tai ng6i: 44 kG/m?.

Hé s6 an toan: ng=1,2

G2 = gm.Ng.B.a/c0s310 = (64.1,2.3,6.1,4)/ cos310=452 kG

G1 = G,/2 = 452/2=226 kG

Hoat tai:

Hoat tai = 30 kG/m®

Hé sb an toan: n,=1,2

P2 = P¢.ny.B.a/c0s310 = (30.1,2.3,6.1,4)/ cos310=212 kG

P1 = P,/2 =98/2=106 kG

2.3.2. So do tinh va ngi luc dan thép thuong (twong tw thép mong)

= [

Hinh 8. Két qud néi liec ciia cdc thanh dan thép thuong
2.3.3. Tinh toan thanh dién hinh - Thanh bung xién (phan tiz thanh 14,15)
Chiéu dai tinh toan thanh bung xién:
L, = 0,8 x 2,57 = 2,056 m la khoang céch gitra hai mat dan thuoc thanh cénh trén.
Ly = 2,5 m la khoang cach giita hai diém giang thanh canh duéi.
Ban kinh quan tinh can thiét cua thanh bung xién:

7 :I_X:E —_
x,y¢ [/:| 150 =1,38cm
ro = ly - 2%0
w1 150

=1,67cm

Chon thép 2L50x5 co:

r=1,51cm > ry, y.=1,38cm

ry=2,43cm >ry, y.=1,67cm

Dién tich tiét di¢n F=2F,=4,8x2=9,6 cm’

D06 manh cua thanh da chon la:
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, =k 207

v T1s1
;b 250

y T T 24371029

:>/max = /x =137 = ¢min=0,376

Kiém tra tiét dién theo diéu kién on dinh

N

1140

"/ F 037696

Kiém tra diéu kién do manh

m

/=1, =137<[/ |=150

=315,8 kG/cm? <y.R=0,95.2100=1995 kG/cm?

2.3.4. Tong hop cac logi tiét dién trén thanh dan thép dung thanh thanh méng

Bing 4. Bang tong hop tiét dién cdc thanh dan thép thirong

Phén tir thanh Tiét dién F(cm?) L(cm) Ghi cha
1,2,345,6,7,8 2L60x5 11,64 146 Cho mbi thanh
9,10,11,12 2L.70x6 16,26 250 Cho mdi thanh
13 2L60x5 11,64 300 Cho mdi thanh
14,15,16,17,18,19,20,21 2L50x5 9,6 1618 Téng
2.4. So sdanh thép thong thuwong va thép mong
2.4.1. Dan thép thong thuong (thanh la thép goc can nong)
Bing 5. Tong hop vit tw cia hé dan thép thuong
- TONG .
5 CHIEU TONG TRONG | TRONG TONG
LOAI SO A « CHIEU TRONG
: h LOAI DAI SO A LUONG | LUONG
STT| CAU | CAU THANH THANH |THANH DAI DPON VI CUA LUONG
KIEN | KIEN m THANH (Ka/m) | THANH CUA CAU
m KIEN (K
(m) (Kg) EN (Kg)
Thép
L70%70%6 25 8 20 6.594 131.88 2,631.76
Thép
L 60%60%5 1.46 16 23.36 471 | 110.0256
- Thép
1 | Vikeo 6 L60*60*5 3 2 6 4.71 28.26
Thép
L50%50%5 16.18 2 32.36 3.925 127.013
Ban ma thep 22 1884 | 41.448
tam 6ly
Thep 20 1 20 | 41605 | 8321 | 1,353.97
. C50*125*2
2 | Xago 16 Ban m the
an ma thep 6 0.2355 | 1.413
tam 3ly
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Cau Thép hop
ohong 82 30*60*1.4 6.93 1 6.93 2.6376 |18.278568 | 1498.84
Li to 44 Thep 20 1 20 1.413 28.26 1,243.44
L.30*30*3 ' ' e
TONG TRONG
LUQONG THEP (Kg) 6,728.01

Que Pinhmic | 11,5 | Kgtén 77.37

han thep

2 1A
Son Dinh mic | 0.25 Kggl . be 505 m2 126.25

Bing 6. Bang chiét tinh nhdn cong thi céng lap dat hé dan thép thuong

(Tinh trén don vi m* dién tich mdi)

STT | Khoanchiphi | Khéiluong | Donvi (\?I‘\’I%ﬁig) Tr(‘f/q:‘g')é”
Thép hinh 6.728 Kg 15.500 104.284.000
Que han 77 Kg 22.000 1.702.000
Son 126 Kg 36.000 4.545.000
Téng tién vt tw ciia hé dan thép thuwong (VND) 110.531.000

Bing 7. Bang chiét tinh nhdn céng thi cong ldp dat hé dan thép thuong

(Tinh trén don vi m* dién tich mai)

P . - : Don gia Thanh tién
Chiéu dai (m) Chiéu rong (m) Dién tich Pon vi (VND/m) (VND)
20 13,86 2717,2 m? 100.000 27.720.000
Téng thanh tién cia h¢ dan thép thuwong (VND) 138.251.344

2.4.2. Dan thép dung thanh thanh mong

Bing 8. Bing t6 hop thép cia hé dan thép ding thanh thanh mong

: Chidu Téng
Loai | So6 . . i chiéu ., Thanh
% x Loali dai SO s. | Pon | Don gia 2
STT | cau jcau | yonh | thanh | thanh | 9 | vi | (vND/m) tien
kien | kién thanh | V! (VND)
(m)
(m)
Vi
1 Kéo 16 | C10010 2 11 352 m 78.288 27.557.000
C7510 278,4 m 59.202 16.482.000
Vit tu
khoan 3 11 528 con 250 132.000
2 Litd | 44 | TS4048 20 1 880 m 28.280 24.886.000
Vit tu
khoan 1408 | con 250 352.000
Tong tién vat tw ciia hé dan thép dung thanh thanh méng (VND) 69.409.000
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Bing 9. Chiét tinh nhén cong thi cong ldp dét hé dan thép ding thanh thanh mong

Chiéu Chiéu Pon Pon gi Thanh
dai rong Dién tich . > tién
(m) (m) v (VNB/m’) (VND)
20 13,86 2772 m? 50.000 13.860.000
(Tinh trén don vi m? dién tich mai)
Téng thanh tién cua hé dan thép dang thanh thanh mong (VND) | 83.269.000
2.4.2. Poi chiéu so sanh hai hé dan
Bdng 10. Déi chiéu so sanh hai hé dan
. ) . TY LE%
. THONG SO KHOI DON .
LOAI DAN SO SANH LUGNG VI CHENH
LECH
DAN Vit tu 110.531.000 | VND
THEP Nhan cong 27.720.000 | VND
THUONG T ;
Thoi gian thi cong 21 Ngay
DAN Vit tu 69.409.000 | VND 37,2
THEP Nhan cong 13.860.000 | VND 50
NHE Thoi gian thi cong 7 Ngay 66,67
Ghi chu :

Thoi gian thi cong va don gia thi cong lp dat dugc khao sat thyc té trén 50 cong trinh
tuong duong trong khoang thoi gian tir thang 09 nim 2020 dén thang 03 nam 2021.

So sanh vé mat hiéu qud ap dung cia hai phirong dn két cau hé dan mai trén:

Vé chi phi vat liéu: Hé dan thép ding thanh thanh mong mac du co don gia thanh thép
khé cao, song do s6 luong thép giam dang ké nén chi phi vat liéu giam dang ké (giam 37% chi
phi vat liéu). Hé dan thép dung thanh thanh mong thuc sy mang lai hiéu qua kinh té cho loai
hinh két ciu mai nha nhip nho.

Vé chi phi thi cong va thoi gian thi cong: Do hé dan thép ding thanh thanh moéng duoc
gia cdng va lap dung don gian, d& dang, khéng can may maéc phic tap va sé lwong cong nhan
can thiét ciing kha it (3 ¢én 5 cdng nhan), rit ngin dang ké thoi gian thi céng (rit ngan duoc
trén 60% thoi gian) nén giam dang ké chi phi thi cong (giam dén 50% chi phi thi cong), gitp
cho cong trinh ddy nhanh duoc tién do, tir d6 con dem lai nhiéu loi ich khéc.

So sanh mét s wu va nhurge diém khac:

Vé anh huong dén moi truong: D6i véi khau san xuat, viéc san xuét thanh thép ding
thanh thanh mong (thanh thanh mong) &p dung cong nghé san xuét tién tién va thanh duoc tao
hinh bang phuong phap can ngudi nén giam dang ké viéc anh huong dén moéi truong so véi
giai phap can ndng cua thép goc thong thuong. DI voi khau lip dat, hé dan thép ding thanh
thanh mong khdng dung may mac phuc tap, khong dung phuong phép han nén ciing gop phan
giam thiéu anh hudng tac dong dén moi truong.
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V& anh huong dén sac khoe va an toan lao dong: Hé dan thép dung thanh thanh mong
duoc lap dat tir cac thanh thanh mong siéu nhe va ding phuong phap lién két vit ty khoan nén
viéc thi cong rat don gian, dé dang, khdng gy ton that nhiéu cho sic khoe va dong thoi cé
tinh an toan lao dong cao.

Vé kha ning ap dung: Hé dan thép dung thanh thanh mong duoc thi cong lip dat dé
dang, gon nhe nén tinh linh dong trong thi cong rat cao, lip dit thuan tién trong moi diéu kién
thi cong (I4p dat trén cao, van chuyén vat tu vao cong trinh & cac dia hinh phic tap, mit bang
thi céng chat hep — duong xa kho khin khong dung duoc cau lip,...).

3. Két luan

Giira hai giai phap két cau théng dung nhat néu trén thi viéc st dung dan thép ding
thanh thanh méng dem lai hiéu qua kinh té cao hon, dong thoi con dem lai nhiéu loi ich uu
viét khac nhu da phan tich trong phan so sanh phia trén.

Nhu vy, tac gia dé xuit viéc dung giai phap két ciu mai dang dan thép ding thanh
thanh mong thay thé cho dan thép goc thong thudng dbi véi cac loai hinh nha nhip nho.
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SU DUNG COQC VIT CHO MONG CONG TRINH THAP TANG

Nguyén Ké& Twong®, Nguyén Viét Hung?,
Nguyé&n Minh Hung', Pham Thanh Hiép*, Nguyén Thi Hang
1. Truong Pai hoc Thu Dau Mgt.

Tom tat

D6 thi hda ndng thon 1a sw phat trién va on dinh ddin cw cho cdc khu vuc nong thon
dang phét trién. Lua chon gigi phap thiét ké va thi cdng méng cho cong trinh xay chen
trong dé thi rdt quan trong, can tranh dnh hieong dén cong trinh 1an can. Lua chon gidi
phap thiét ké va thi cong cho cong trinh xay dung va phat trién dé thi néng thon ciing
rat quan trong dé tranh gay huw hong cho cac cong trinh hién hiu. Bai b4o nay gidi
thiéu loai coc vit nhé phil hgp cho su phét trién dé thi ndng thdn, phi hop véi dia hinh,
dia chat va nhu cqu si dung.

1. Pit van dé

Dé xay dung mot cong trinh can ¢ nhitng tai liéu can thiét téi thiéu nhu dia hinh,
loai hinh tai trong tac dong 1én cong trinh, dia chat cong trinh, diéu kién k¥ thuat thi cong.
Trong nhimng diéu kién k§ thuat thi céng thi viéc thi cong phan mong céng trinh Ia quan trong
nhat vi phan méng ludn anh hudng dén cong trinh 1an can. Nhiéu sy ¢6 cong trinh xay ra
trong thoi gian thi cdng phan méng. Lua chon giai phap thiét ké va thi cong moéng cho cong
trinh x4y chen trong d6 thi rat quan trong, tranh nhitng su ¢4 anh huong cong trinh lan can.
Lya chon giai phép thiét ké va thi cong cho cong trinh xay dung va phat trién d6 thi ndng thdn
cling rat quan trong, tranh hu hong, thao d& cac cdng trinh hién hiru dé dem lai hiéu qua.

Nhom tac gia trinh bay vé viéc tng dung giai phap coc vit nhd cho nén méng cac cong
trinh phét trién d6 thi xay chen, d6 thi ndng thon ¢ Viét Nam dé tranh nhiing van dé bat lgi
cho cong trinh 1an can trong qua trinh xay dung, ¢ kinh phi phi hop va d6 bén cong trinh
lubn 6n dinh. Hién nay, trén thé gioi rat nhiéu noi str dung coc vit dé xay dung.

Hinh 1. M6 hinh céac loai coc vit
(Theo Pile foundation in weak ground - ATT screw pile the screwpile.vn)
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Hinh 2. Mét s¢ hinh dnh cong trinh thdp tdng six dung méng coc vit trén thé gidi
(Theo Pile foundation in weak ground - ATT screw pile the screwpile.vn)

Khi xay dung cdng trinh can bao dam diéu kién 6n dinh va kha ning chiu luc theo cac
diéu kién an toan trong TCVN 9362:2012 Tiéu chuan thiét ké nén nha va cong trinh.

Khi x4y chen trong d6 thi hodc nong thon thudng hodc phai dao hé méng hoic st dung
mong coc cho cong trinh.

Khi st dung giai phap dao hé méng thi s& anh huong dén cong trinh 1an can va c6 xu
hudng gay sut 1an, gay nut, 1at nghiéng.

Khi 1am méng coc thi s& 6 hién twong dat nén bi nén chat, tao ap luc 1én cong trinh 1an
can, ¢6 thé hu hong nén, 1tn, nghiéng cong trinh Ian can.

Coc vit c6 wu diém khi thi céng la vin xoin vao trong nén dit, tranh dao hé méng, tranh
duogc dat bi nén chat sang cong trinh 1an can.

2. Thiét ké giai phap mong

Dé phan tich cac giai phap mong hiéu qua cho cong trinh xay chen hoic do thi ndng
thdn, nhém tac gia trinh bay tinh toan giai phap méng dé so sanh trén ciing mot nén dét co cau
tao nhu sau:

Bdng 1. Cdu tao dia chat nén khu viec nghién cizu

Lép dat |Chizgu day 1&p dat Loai d&t Trong lurong riéng | Géc ma sat | Luc dinh
thé tich (kN/m3) trong (dd) (kN/m2)

1 2 Bln sét 15 3 2

2 2 Cat pha min 18 12 10

3 s Cat pha bui 20 15 8

2.1. Giai phadp mong néng

Cudng do dat nén dudi ddy moéng nong, véi do sau dit mong D=2 m; véi kich thuéc
mong la 1.5m x 2 m; nhu sau:

m
Rs = mlkt 2[Ab.y; +B.D; .y, + D] (1)
(o
2.2. Gidgi phap mong cec vit canh xodn
Khi sir dung giai phap mong coc thi s& c6 xu hudng dat troi sang 1an can do coc chiém
chS,ﬁ gay nghiéng, IUn, nut cong trinh lan can, theo TCVN 10304: 2014 Mong coc - Tiéu
chuanthictke. )
bé co thé khac phuc dugc nhitng hau qua cia phuong phap néu trén khi dao ho mong
hoac mong coc, cac tac gia tham khao TCVN 11520:2016 Mdng coc don c6 canh & mii -
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Tiéu chuan thiét ké va TCVN 10304: 2014 Méng coc - Tiéu chuan thiét ké, dé ra giai phép
coc vit nho, dung dé lam giai phap mong cho cac cong trinh xay chen trong do6 thi va phat
trién do thi cho néng thon.
Theo TCVN 10304:2014, strc chiu tai cua coc dugc tinh theo céng thic sau:
Reu = 7/c(7cq-CIb-Ab +u2y,-Fil) )
Theo TCVN 11520:2016, stc chiu tai cua coc vit dugc tinh theo cdng thac sau:
R =pRp+ R (3)
Céc gia tri trong (2) nhu sau:
R, =0,.A, lasuc chiu tai cua coc tai mili coc;
R, = 0,.A 14 stc chiu tai cua coc tai than coc;
@pst 14 hé s6 stic khang cia miii coc d6i voi dat nén;
®sst 12 hé s strc khang cua than coc di véi dat nén;
Op la cudng do cua dét nén tai miii coc, c6 thé tinh theo bang s6 2-TCVN 10304:2014
theo chi tiéu co 1y cua dat nén;

Qs 1a cuong do cua dit nén doc theo than coc, c6 thé tinh theo bang s6 3-TCVN
10304:2014 theo chi tiéu co 1y cna dat nén;

A, la dién tich mit bang canh xoin, Ay=0.25.7.(Dy);
A, la dién tich bé mat than coc vit, Ac=r.Dc.Lc.

3. Phan tich ngi dung
3.1. Tinh méng néng
Do sau dat mong: Dg=2 m.
Kich thuéc mong (1.5%2) m.
Pt nén c6 cac chi tiéu co 1y: y1 = 18 KN/m>; v, = 15 KN/m?; @ = 12 d¢; ¢ = 10 kN/m?.
Cudng do dét nén dudi diy mong 1a Rg,= 65.90 kN/m.2
3.2. Tinh méng coc vit xodn
7 , Bdng 2. Gia tri cua qp o
(c6 thé tinh theo bang so 2-TCVN 10304:2014 theo chi tiéu co Iy cua dat nén)

Cwimg dé stec khing cia dét dwedi miii coc theo phrong phip déng hay ép coc, qi - (kPa
Cat chit wvira
Céséicupi| Hatto | Hatvira | Hatnhé | Catbui |
Dit dinh tmg véi 46 sét IL
0 0.1 02 03 04 0.5 0.6
7500 6600/4000 3000 3100/2000|2000/1200 1100 600
8300 6800/5100 3800 3200/2500 | 2100/1600 1250 700
8800 7000/6200| 4000 3400/2800| 2200/2000 1300 800
9700 7300/6900| 4300 3700/3300| 2400/2200 1400 850
10500 | 7700/7300 5000 | 4000/3500 | 2600/2400 1500 900
11700 | 8200/7500 5600 | 4400/4000 2900 1650 1000
12600 8500 6200 48004500 3200 1800 1100
13400 2000 6800 5200 3500 1950 1200
14200 9500 7400 3600 3800 2100 1300
15000 10000 8000 6000 4100 2250 1400
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Bdng 3. Gia tri cua Qs
(cd thé tinh theo bdng sé 3-TCVN 10304:2014 theo chi tiéu co 1y ciia dat nén)

Cuwimg 46 strc khing ctia dit wén thin coc theo phrong phép déng hay & coc, fi - (kPa)
Chidu
siumii Cit chit vira
coc (m) | Hattovivia [ Hatnho | Ctbui - - - T
Dit dinh tmg véidé sét IL
==0.2 03 0.4 0.5 0.6 0.7 08 09 1
1 35 23 15 12 g 4 4 3 2
2 42 30 21 17 12 7 5 4 4
3 48 35 25 20 14 8 7 6 3
4 53 38 27 n 16 9 8 7 5
5 56 40 29 24 17 10 8 7 6
6 58 42 31 25 18 10 8 7 6
8 62 44 33 26 19 10 8 7 6
10 65 46 34 27 19 10 8 7 6
15 72 51 38 28 20 11 g 7 6
20 79 36 41 30 20 12 g 7 6
3 86 61 44 32 20 12 8 7 6
30 93 66 47 34 21 12 9 8 6
>=35 100 70 30 36 22 13 9 8
> » . ’ . o s
Bdng 4. Bang tinh sic chiu tai coc vit
‘ Dién tich| . . Chu i
Chizu Puing | chivu | DY | bt dien | D" UM | iy dai| than coc _
o et L - ; Y kinh mit bing ‘ Chu vi coc
L&p dat | day ldp Loai dat kinh coc, |day than c4nh ngang canh coc, qua tlrng (m2)
dat Dc (m) | coc, (m) ! coc Sc ’ Lc{m) I&p dat,
Dw(m) Swlmz)
{m2) {m2)
1 2 Bun sét 0.1 0.004 1.0 | 0.00785 0.77715 2 0.0157 0.0157
2 2 Cat min 0.1 0.004 1.0 | 0.00785 0.77715 4 0.0314 0.0471
3 2 Cat pha bui 0.1 0.004 1.0 | 0.00785 0.77715 6 0.0471 0.0942
. . . Cuarng .+ |Kha ning . . .
Cuwérng Kha nang n o He so ) .. Cuwirng Kha ndng
45 d&t | He obanh | chiu lue | OF 99 anh | Shiulwe | Khandng | . .0 | | Chiu e tink
. - - o - . S né&n doc N d&t nén chiu lwe Hé sé anh ; i
L&p d&t | nén mii | hrong mii d&t nén = romg N . coc theo T todn cha coc
. thén coc, thi doc than | tha&n coc, P rong, @ =
coc, dg COC. Ppo miii coc, a an coc, coc, Rs KN d&t n&n, theo dit
Rp (kM = s o Rn (kN &n, Rr (kN
(kN/m2) p (kN) (kN/m2) Post (KN} n (kN) nén, Rr (kN)
1 100 0.4 31.086 1 0.3 0.00471 | 0.00471 31.09 0.6 18.65
2 400 0.4 124.344 4 0.35 0.06594 | 0.07065 | 124.41 0.6 74.65
3 500 0.4 155.43 5 0.4 0.1884 | 0.25905 | 155.69 0.6 93.41
= 120
=
2” 100 4
[ y = 69.42Ln(x) - 27.34 | _—1
& 80 R? = 0.9832 3
E 60
| 40
2.
S 20
3 o
o] 1 2 3 4 5 6 7
Do sau dat canh xoan coc (m)
N A -~ A ~ by r . 2=
Hinh 3. Quan hé giiza dé sau va sic chiu tai
y = 69.42Ln(X) + 20.778 1
R® = 0.9832
=}
=
S
~
o
=
=3
=
S
g
S
=
=
=)
2 3
Loai dat: 1-Bun sét;2-Cat min-3-Cat pha bui

Hinh 4. Quan hé giira logi ddt theo dé sau va sic chiu tdi
Kha ning chiu lyc caa dt nén cho coc vit xoin R, = 74.65 kN/coc.
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4. Panh gia kha nang chiu tai trong cong trinh

Can ctr két qua tinh toan sirc chiu tai theo dat nén cho mong cong trinh ¢6 ciu tao nén
dat co chiéu day 2 m dat yéu trén Iop dit cat min day 2 m véi kich thudc coc c6 duong kinh
than coc 1a 100 cm - dwdng kinh canh xoén 12 1000 cm, chiéu dai coc 4 m c6 suc chiu tai la
74.65 kN/coc, véi cong trinh thap tang: 1 1au - 1 trét; budc cot 4 m x 5m.

Tai trong c6ng trinh truyén xudng chan cot caa cong trinh: Ny= 50 KN/cét.
Kha nang chiu lyc caa dit nén cho méng ndng, Ran= 65.90 kN/m? véi bp,=1.5 m.
Kha ning chiu luc cua dit nén cho coc vit xoin, R, = 74.65 kN/coc.

Cin ctr cac yéu td trén nhan thy lra chon sir dung coc vit xodn 1a hiéu qua va an toan
nhat cho cong trinh thap tang trong nhiéu di¢u kién dia hinh va dia chat.

5. Hiéu qua ky thuat va kinh té cia cidc phwong an méng
5.1. Mong néng
Ddc diem:
- Phai dao hé méng s& anh huong dén d6 6n dinh cua cong trinh 1an can;
- Thi ¢éng hé méng can thoi gian s& anh huong dén d6 6n dinh caa cong trinh lan can;

- Lap hé mong s& khong 6n dinh do chat cho nén tac thoi, can nhiéu thoi gian dé nén
nha trén moéng 6n dinh;

- Kinh phi xay dung gan bang 3.900.000 d;
- Nén cdng trinh 1an can phai c6 gia ¢ bao vé sat, sup 16 khi dao hé méng.

Bdng 5. Bang du tru kinh phi cho méng néng

MOMNG NOMNG
Kich thwdc mong
B 1.5|m
L 2{m
Hm 0.3 |m
dd sdu 2|m
ThE tich bé téng mang 0.9(m3
Bon gia bé téng maong 2,500,000 |[wnd
B& tong 1ot day 10 cm 0.3|m3
Bon gia beton 16t 1,000,000 [wnd
P&t dao hd mdng 6|(m3
BPon gid dao dit 100,000 [wnd
Bt 1&p hé mdng A.8|m3
Bron gia ldap dat 50,000 |wnd
Chi phi chéng d& thanh hd mdng S00,000 |wnd
CE:!HE 3,890,000 |[wvnd

5.2. Mong cec vit nho

Pdc diém:

— Khéng dao hé mong, khdng anh huéng dén cong trinh 1an can.
— Thi cdng méng nhanh.
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— Kinh phi xay dung thap.

Bdang 6. Du tru kinh phi cho mong coc vit

CQC VIT

Prrdrng kinh ngoai coc 100 |
Buwrdrng kinh trong coc Q2 | mm3
B2d day thanh coc Al
Thé tich vat lidu coc 1205.76[mm3
Trong lwong rigng wat liéu coc 7850|kG/ M3
Trong lwvong coc/md 2. 465216|kG/m
Chi&u dai coc A
BPrdvng kinh d& xodn coc 1000 | mm
Chigu day ban d& coc Almm
ThE tich d& xodn coc 3140000(mm3
Trong lwvong d& coc 24.65 |kG
Trong lvong thé&n coc 37.86 |kG
Trong lvong coc 62.51

Bron gia vat lidu coc 25,000 |wnd
Chi phi ch& tao coc 1,562,747 |[wvnd
Chi phi ha coc 100,000 [wnd/m
Chi phi thi cong coc 1,962,747 |wnd

5.3. Nhdn xét

- Khi c6ng trinh c6 tai trong khéng I6n thi phuong 4&n mong coc vit nho sé€ hiéu qua cho
cbng trinh.

- Coc vit thi cong d&, don gian, chi vin xoay nhu vin vit vao nén dat, khdng lam cho
nén dat troi 1én nhu coc ép.

6. Két luan va kién nghi
6.1. Két lugn

— Khi ¢ong trinh ¢ tai trong khong 16n va nén dat khdng cé bién dang nhiéu thi co thé
chon phuong an moéng coc Vit nho sé hiéu qua cho cong trinh.

— CO6 thé thyc hién méng bang hodc mong bé trén nén coc vit nho khi c6 nhiing cong
trinh dac biét.

— Tinh chét co 1y cua dat theo chiéu sau cang tét thi st chiu tai cua dat nén ¢ moi
quan hé phi tuyén theo chiéu hudng logarit: y = 69.42Ln(x) + 20.778; R, = 0.9832 (hinh 3,
hinh 4).

— Khi xay chen trong d6 thi thi sir dung coc vit nhé 1a mot wu thé vi khong gay anh
huang xau cho cdng trinh 1an can.

— Khi xay dyng va phat trién d6 thi cho ndng thdn thi coc vit nho rat phi hop, kinh phi
it va diéu kién thi cong d& dang nhit trong céc loai mong.

6.2. Kién nghi
Khi cong trinh ¢ tai trong khong 16n va nén dat khéng co bién dang nhiéu thi c6 thé
chon phuong an moéng coc Vit nho sé hiéu qua cho cong trinh.
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TINH TOAN KET CAU MAI DAY MEM HAI LGP TREN GOI CO PINH
CHIU TAC DUNG CUA TAI TRONG PHAN BO PEU CO XET PEN
BIEN DANG CUA DAY CHU

Phan Thanh Nhan', Pham Thanh An'
1. Truong Pai hoc Thu Dau Mot.

Tom tit

Hé ddy mém hai 16p bao gom mét ddy chii va mét déy vang nén c¢é @ on dinh cao hon
so voi hé day mém mot [6p, do do hé day nay thuong dwoc lwa chon cho cac két cdu nha
nhip 1ém. Co nhiéu nghién ciru vé sw lam viéc ciia hé day, tuy nhién chiea c6 nghién ciru
nao huéng dan cu thé quy trinh thiét ké mét hé day mém hai I6p trén goi c¢é dinh cé xét
dén bién dang cua day chu. Nham tao su thudn loi cho cdc ky suw khi thiét ké hé két cdu
nay, bai bdo dé xudt quy trinh thiét ké hé day mém hé ddy hai lop trén goi co dinh chiu
tai trong phdn bé déu cé xét dén dén bién dang ciia ddy chii. Tir Quy trinh thiét ké nay,
mot bai todn cu thé ciing dwoc thuc hién nham lam ré hon cdc van de.

1. Gi6i thigu

Ngay nay, xu huéng phat trién cia nganh xay dung 1a huéng dén sy phat trién bén
vitng. Pé hudng dén muc tiéu do, két cdu phai thoa man cac diéu kién vé bén va bién dang
nhung phai c6 chi phi hay sir dung it vat liéu nhat c6 thé. Trong nhiéu loai két cau thi hé mai
day mém Ia loai két cdu c6 nhiéu wu diém nhu vay nhat. Hé mai ddy di va dang duoc céc
nudc tién tién s dung rong réi tir nhiéu thap nién qua, dac biét 13 hé méi day hai 1op do c6
tinh 6n dinh cao, nham phuc vu cho cac cong trinh doi hoi vugt nhip 16n nhu: nha thi dau, khu
trién 1am,... C6 nhiéu dé tai nghién ctru da duoc thuc hién nham 1am rd cach thac tinh toan hé
méi day hai 16p. Tac gia Pham Van Hoi va cac cong su (2001), di dé xuat cac cong thic tinh
toan két cau mai day mém hai 16p trén géi ¢b dinh. Tuy nhién, tac gia chua dé xuat mot quy
trinh tinh toan cho mot bai toan cu thé. Tac gia Phan Thanh Nhan (2019) da dé& xuat mot quy
trinh tinh toan di voi hé day mém hai 16p trén gi ¢ dinh chiu tai trong phan b déu nhung
chua xét dén bién dang ctia day khi chiu tai trong. Vi vay, dé thuan loi cho qua trinh thiét ké
hé mai day mém hai 16p, bai bdo nay s& dé xuat quy trinh tinh toan két cAu mai day mém hai
I6p trén goi ¢ dinh chiu tai trong phan bé déu c6 xét dén bién dang cua day chua.

2. Co sé ly thuyét
2.1. Qua trinh 1am viéc ciia hé mai day mém hai lop
2.1.1. Giai dogn chju tdi trong Cua tinh tdi g

Ldc nay chi lip dung day cha nham ning d& tim mai. So d6 tinh caa hé nhu Hinh 1.
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Hinh 1. So do ciia hé day trong giai doan ldp mdi

Do d6, lyc ngang Hp va d¢ vong cta day Afy dugc xac dinh theo Pham Van Hoi (2001)
nhu sau:
8EA H2 — D,EA Vi Af. — 3mZgl*

H+ ——HZ = a =02
°3dm, ° 2m, © 128EAf;

1)

2.1.2. Giai doan ung lyc trudc cho ddy vang
o p

Khi day vang dugc dua vao hé két cAu v6i mot luc cang trudce la q, =q, =1, 21
+a

2 2

. f m . ,

Vol o = (LO mA la ty 1€ o cing thi d vong cua day chu la: f, = f, +Af . Khi
fa)\m ) A

nay, so do tinh cta day nhu Hinh 2.

| -d0

Hinh 2. So' do tinh ciia déy khi da bdt dau tao lwc cang truée cho ddy ving

Theo Pham Vian Hoi (2001), luc ngang Hy va d6 vong cua day Af; dugc xac dinh nhu

Sau:
H +3f1% My = [z)llriA va ah= 132?;:; @
Luc nay, tong luc ngang H va tong d6 véng trong day chu 1a:
H=H,+H, va  Af = Af, +Af, (3)

Trong khi d6, theo Phan Thanh Nhan (2019), day vang chi chiu tac dong boi luc cang
trudc nén lyc cang day sé la:

al(, 17 Y
T, =0 4
V 2(+mvj ®
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2.1.3. Giai doan chiu tac dung cua hoat tai p

Khi céng trinh dugc dua vao st dung, khi nay hé ¢ so d6 tinh nhu Hinh 3.
§ A

D

Hinh 3. So dé tinh ciia hé mdi déy hai 16p trong giai doan sir dung
Theo Pham Vian Hoi (2001), tic dung cua hoat tai p dugce phan phéi 1én day chi ( p, ) va
day vang ( p,) theo ty 1€ d9 ciing oy nhu sau:

P . D p

pc=l+0¢l ’ v

1+ o
Trong giai doan nay, day chu chiu tdc dung thém cua luc p,nén trong day chu, luc

ngang xuét hién thém thanh phﬁn H, va d6 vong Af, dugce xac dinh nhu sau:

8EA H2 = D,EA VA Af. — 3mp,I*

HY+—— a Af, =—2<_
 3ndm, ° 2lm, ?  128EAf;

(5)

Nguoc lai, dudi tdc dung cua hoat tai p, lyc cang day trong day vang s€ giam
xudng. Do d6, luc cang day trong ddy vang 16n nhat 1 trong giai doan tao luc cing trudc
trong day.

2.2. Quy trinh thiét ké
Budc 1: Xéac dinh so b dién tich ctia day chu va day vang
Theo Phan Thanh Nhéan (2020), dién tich so bd ctia day chu dugc xac dinh theo cong
thirc:
3migl*
A =kt
128E [Af] f,
Trong d6: hé s6 k =1,2 nham ké dén anh huoéng cua luc cang trudc.
Theo Phan Thanh Nhan (2019), dién tich so by cua day vang duoc xac dinh nhu sau:

A 3+5

A,
Buwée 2: Xac dinh lyc ngang Hy va do vong Afy do tinh tai gdy ra theo cong thirc s6 2.

Budc 3: Xac dinh lyc ngang H; va d6 vong Af; do luc cang trudc gay ra theo cong thirc
s6 3 véi cac thong s6 clia so dd tinh duge xac dinh nhu Hinh 2.
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Buoc 4: Xéc dinh l}rc ngang Hy va do vong Af, do hoat tai p gay ra theo cong thirc sb 5
Vi cac thong so cta so do tinh dugc xac dinh nhu Hinh 3.

Buwée 5: Kiém tra hé day theo diéu kién bén va diéu kién vong.

Theo B Xay dung (2013) va Phan Thanh Nhan (2020), diéu kién bén duoc kiém tra
theo cong thirc:

T
c=—<R

A Ve
Trong d6: T =+H? +V? vé6i V 1a lyc cit khi xem day nhu dam c6 nhip L.

Theo Phan Thanh Nhan (2020), diéu kién d6 vong duoc kiém tra theo cong thuc:
Af <[Af]

Trong do: [Af ] = I(\/g(mo (1+ g)—l) +\/g(m0 —1)] v6i € = 0,2% 1a bién dang tuong

dbi cho phép cua vat liéu.

3. Vi du tinh toan
Tinh toan két ciu day mém hai I6p trén gbi cé dinh co cac dic trung nhu Hinh 4. Biét
thdng sé dic trung ctia vat liéu cau tao day 13 R =108kN / cm?; E =19,5x10°kN / cm?.

0 0 0 O O
I S RS S

f=12000

0.02kIN/cm

L=100000

Hinh 4. Céc théng so dau vao cuia bai toan
Do vdng cho phép cua hé day:

pw]zu[Jgom(1+g)_1y+Jgom_4)Jz32un

So bo chon tiét dién cua day chi va day ving:

2 4
A k3@ PV o o5 em? va A, = A3 = 10,12 cm?

128E[AF [ 2
Bdang 1. Xdc dinh luc ngang Ho va dé vong Afg do tinh tai gay ra trong day chu
Ny Mo D, (KkNcm) Ho (kKN) Afg(cm)
8,33 1,04 408.10° 717.51 20,75
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Bdng 2. Xdc dinh luc ngang Hy va do vong Af; do luc cang trueoc gay ra trong day chu

fi(cm) fiem) m; my o Di(kNem) — Hi(kN)  Afi(cm)
1220,75 600 819 104 101 077 9.10° 106,55 5,74

Bdng 3. Xdc dinh lyc ngang H, va do vong Af, do hoat tdi p gay ra trong day chu

f.(cm) f, (cm) Ne m, m, o D, (kNcm) H, (kN) Af, (cm)
1226,5 5944,26 8,15 1,04 1,01 0.75 11.10° 116,32 3,26

Luc cing ddy 16n nhat trong day cha va diy ving:

5 12
T =«/HC2 +V* =1046,58kN; T, =q7vl(1+1(;f2j =223,5kN

Ung suit trong day chu va day ving:

T =34,48kN /cm* <Ry,; o =1V—V=22,09kN /cm? <Ry,

(o)

c \

Do vong cua day chu:
Af =29,76cm <[Af | =32cm

Vay tiét dién da chon thoa man ca hai diéu kién bén va vong, trong d6 do vong tiém can
véi dieu Kién gidi han.

4. Két luan va kién nghi

Véi quy trinh tinh toan dugce dé xuat hd tro tét cho cac ky su xay dung khi thiét ké hé
day mém hai 16p trén gi cb dinh. Pong thoi, bao cao 1a ngudn tai liéu tham khao hitu ich cho
sinh vién nganh k¥ thuat xay dung vé hé day nay.

Tuy nhién, b4o c4o mai chi xem xét truong hop tai trong phan bd va chua danh gia su
anh huong cua chuyeén vi goi tya. Do do, can c6 thém cac nghién ciu khac vé hé day hai 16p.
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TINH TOAN ON PINH HE CHAN PAT TUGNG VAY DW500
CONG TRINH NGAM KHU VUC THANH PHO HO CHI MINH

Tran Hiru Bing', Nguyén Hai Linh?
1. Truong Pai hoc Thu Dau Mgt.

Tom tit

Trong qué thiét ké va thi cong, cong trinh ngam c6 sw lién quan véi fuwong chdn dat, ho
dao sdu... Viéc kiém tra tinh toan én dinh hé chdan dat twong vay (Diaphragm Wall — Plate)
DWS500 bé tong cot thép lién tuc, mét trong nhitng buwéc quan trong tranh gay sat |6, sut 1un
cong trinh 1an cdn, 1 rat can thiét. Can tinh toan va dir dodn dwoc do on dinh hé chan dat
DW500, xdc dinh pham vi dnh hiréng trong qué trinh thi cdng hé dao dén cac cong trinh lan
cdn va phuwong phdp tiét kiém két cau chong gii (fuwong chdn ddt va hé chong Shoring). Hién
nay, c6 rat nhiéu phirong phdp da dwoc nghién cizu va ap dung trong cac cong trinh thuc té ¢
Viét Nam noi chung va khu vic Thanh pho Hé Chi Minh néi riéng. Bai béo trinh bay két qua
tinh toan du b&o 6n dinh hé chdan ddt tweong vay DW500, chuyén vi ngang du dodn lén nhat,
hé chong Shoring va dam bién dam bao kha nang chiu liee theo phwong phép phan ti hitu han
trong dia ky thugt (FEM — Plaxis 2019).

1. Pit van dé

Trong qué trinh d6 thi hda, nhu cau vé xay dung cac cdng trinh nha cao tang c6 tang ham
trong do thi ngay cang tang. Thiét ké tinh toan cong trinh ngam lién quan dén hd dao sau, hé chan
dat va hé chéng Shoring. .., c4c nguyén nhan nay c6 thé gay ra sat 1o dan dén sut IGn cdng trinh
1an can. Vi vay viéc tinh toan 6n dinh, kiém tra hé tuong vay chan dat DW500, hé chong Shoring
va dam bién trong cic giai doan thi cong I can thiét. C6 nhiéu phuong phap phan tich 6n dinh va
chuyén vi cia tuong vy chan déat dang sir dung hién nay nhu: phuong phép giai tich, phuong
phép dam trén nén dan hdi va phuong phap phan tir hitu han (PTHH), ...

— Phuong phap kinh nghiém cua Peck (1969) (Nguyén Uyén, 2005) di dua ra gian dd
xéc dinh d6 1Gn bé mat dat xung quanh hé dao gdm ba viing nhu Hinh 1(a). Trong d6, Vung I
- Pét loai sét déo cing dén cting (Cu > 30kPa); Vung 11 - Pét loai sét déo mém dén chay (Cu
< 30kPa); Vung Il - Dét loai sét déo mém dén déo chay ¢ d6 sau dudi day hé mong. Qua
trinh thi cong hé mong dao sau thuong gay ra sy thay doi trang thai tng suat trong nén dat,
dan dén hién tuong 1Gn sut & bé mit xung quanh hd dao. Trén biéu d6 thé hién khoang cach tir
hé moéng dén noi xay ra d6 1Gn va dé dang nhan thiy do ltn trong dét loai sét déo mém dén
chay 16n hon trong dét loai sét déo cimg dén cung.
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Hinh 1. Gidn dé xdc dinh d6 1Gn bé mér dat xung quanh hé dao (theo Peck, 1969)(a); PJ 10n
Ciia ddt xung quanh twong theo phwong phdp Bauer (1984 )(b)

— Phuong phéap ban kinh nghiém cua Bauer (1984) (Nguyén Uyén, 2005): Két qua
nghién cau cho hé méng dao sau trong dat loai cat ciia Bauer cho thdy cac sb liéu tinh toén
lGn kh& pht hop véi cac chuyén dich quan trac ¢ hién truong Hinh 1(b). Trong d6, bé rong
anh huong ciia hdé mong B xac dinh theo cong thic:

B = 1,5Htan (45°- ¢/2) (1)
Do 1Un bé mat dat tai diém x trong ving anh huong B dugc xac dinh theo cong thic:
2
_q (X (2)
S S 0[ Bj f 1 f 2
Bién d6i cua hé 1in theo trang thai cua nén dat loai cat duoc xac dinh theo cong thuc:
1/2
__(2-(2D) ®
0 100

Trong d6, H: do sdu hé méng; ¢: goc ma sét cua cat; D,: do chat twong ddi cua cét
& trang thai kho; fi,f,: hé sé ké dén cong nghé va mic do kho khan khi thi cong;
So=ro.H: do 1Gn cua dat tai sat tuong cir.

— Phuong phap PTHH phiic tap hon nhung cho két qua phan tich it bién dong va pho
hop véi thuc té (Chang Yu Ou, 2006). Tuy ¢ nhiéu wu diém hon trong viéc phan tich bai
toan tuong vay chin dat hd dao sau nhung két qua cia phuong phap PTHH lai bi anh huéng
boi nhiéu yéu té nhu cac thong sé dau vao ly tir bao céo khao sat dia chat, cac mé hinh nén
cling nhu cac phuong phap, phan mém sir dung dé phan tich va tinh toan... doi hoi ngudi thuc
hién phai ¢6 nhiéu kinh nghiém.

— CAc két qua nghién ciru khéac ciing cho thdy mé hinh nén sir dung ¢6 anh huang 16n
dén két qua bai toan phan tich 6n dinh va chuyén vi ngang cia tuong vay hb dao (V6 Phan va
Ngo Puc Trung, 2015). Ngoai ra, cac thong sé ddu vao caa cac mod hinh nén ciing anh huong
khong nho dén két qua.

— Bai bao tap trung phan tich chuyén vi tedng chan d¢at DW500 cia mét cong trinh ngam
tai quan 1, TP H5 Chi Minh, bang phuong phap PTHH (FEM) — Plaxis 2019. Két qua phan tich
lam co s¢ so sach véi quan trac chuyén vi tuong chan dat DW500 ngoai thyc té, tir d6 dua ra
duoc md hinh dt va thdng sb dat nén hop 1y phuc vu cho cong tac thiét ké cac budc tiép theo.
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2. Noi dung chinh
2.1. Gigi thi¢u
— Cong trinh tda nha van phong SJC

Hinh 2. Vj tri dw &n Hinh 3. Phéi canh du &n

— Xung quanh hién trang cong trinh: Bén trai: Uy ban Nhan dan Quan 1 (5 tang ni + 2
ham); Bén phdi: Nha biét thy 26 Phing Khéic Khoan (4 tang ndi + 2 ham); Phia truéc: Via hé
duong Phung Khic Khoan; Phia trong: Van phong SJC hién hitu (5 tang ndi + 1 ham).

2.2. Dir liéu ddu vao
Cdu tao dia chdt va thong sé twrong vay chén ddt DW500:

Cin cir b4o céo khao sat dia chat cong trinh dugc tu van khao sét phia chii dau tu cung
cap, thir tu cac 16p dat khai bao vao mé hinh nhu sau (Plaxis 2D V8.5, 2019):

FIDECO - HK1 Diaphragm Wall - Plate
Chitieu | LopSL Lip1 Lip2 Lip3 —
Loaidht _|Ditsan lip| Sé[in cét- Laterit | Cét nsit st Liltigdicn DN
Trang thai Déo cimg Néu vang - hong Citng Cl}leu day truong véy d (m) 0.5
BE day (m) 1 7 30 2 Be rong day tinh toan (m) 1
yunsat (kKNim’) | 18 201 201 22 {M4c bé thng M400
ptNm) | 185 3 z 24 s 5b gidm cuomg do 07
k (mld) 2 0.00864 1 DO0EE__ 0 om0 bé tong R, (MPa) 17
E" (kNim’) | 8000 14000 16000 31500
S Module Ey, (kN/m?) 500000
E™ o (KNIm?) | 8000 14000 16000 31500 (chua giam hé s6)
™ (kNim?) | 24000 42000 48000 94500 ' ,
ckvm) | 5 153 55 10 Module Ey; (kN/ m) 27000000
9' (@) 20 1572 27 172 (d4 giam hé s0)
v (d9) 0 0 0 0 T 7 y
, > > 0 0 Tiét dién A (m”) /m da: 0.500
ke=1-sing | 066 073 060 0.70 Moment quén tinh I (m") / m dai 0.0104
M hinh HS HS HS HS EA (kN/m dai) 13500000
Ungxie | D U D U El (kNm’/m dai) 281250
N gpr 7 16 37 HE s Poisson v 0.2

Tai trong md phong; thdng sé giang chong Shoring va dam thép

— Tai trong cdng trinh 1an can: 50 kN/m?-60 kN/m? Hoat tai thi cong: 15 kN/m?-20
kN/m?; Hoat tai duong noi bo: 5 kN/m2-8 kN/m?;
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— Shoring: H400x400x13x21 — Selfweigh: 200 kG/m;
— Dam thép: H350x350x12x19 — Selweight: 150 kG/m.
2.3. Tinh toan va kiém tra bign phap

Str dung phan mém Plaxis md phong ung xt hé dao véi hé teong chin va hé chong/san
cuing 1am viéc theo tirng giai doan thi cong. Tir d6, kiém tra gié tri ndi luc nguy hiém nhat caa
két cu, du bao chuyén vi twong vay DWS500.

Hinh 4. CAc mdt cat tinh todn dién hinh
2.3.1. Két qud tinh toan mgt cat 1 — 1

LY
I I I | I I
; — [ aw o A
i NHGRIO LP | ﬁ EE] H 8
5 lr b I | A
| twomen -2 i L R ' :
|
N - : 4
S
: |
; 1
i | Trinen A KV Lt
2 i
1
1
| = | e | = | ) |
1 1

Hinh 5. Chi tiér dién hinh matcat 1 — 1

Mdt cat 1 — 1: M4t cit tinh todn qua day san ham B2 — day mong bé, chiéu sau
dao 9m-9.6m va 10.9m. Tai trong mé phong la tai trong cdng trinh 1an can.
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Total displacements |u] (scaled up 50.0 tines)
P vaha = 08903 1 (Bement 786 a1 Node S454)

Hinh 6. Md phong tinh toan hé dao Hinh 7. Chuyén vi tong

= =

\}\_/— i/—

Sum phase displ ts ZPu,, (scaled up 200 times) Envelope of i M (scaled up 0.0200 times) Envelope of Shear forces Q (scaled up 0.0200 times)
Maximum value = 0.03329 m (Element 67 at Node 5851) Maximum value = 334.3 kN m/m (Element 67 at Mode 5851) Maximum value = 133.8 kN/m (Element 62 at Mode 5826)
Minimum value = 8.645%10 % m (Element 82 at Mode 6179) Minimum value = -124.8 kN m/m Minirum value = -105.5 kN/m

Hinh 8. Chuyén vi ngang Hinh 9. Moment Hinh 10. Lyc cat
Ux = 3.4 (cm) Mmax = 334 (kNm/m) Qmax = 184 (kN/m)

2.3.2. Két quad tinh toan mat cat 2 —2

THORSD LF 1 ah £
= —

T

Todnes i B Lr e

1 . | o | . L |

o |
| |
® © @ ® ®

Hinh 11. Chi tiét dien hinh mat cat 2 — 2

Mdt cat 2 — 2: Mt cit tinh toan qua day san ham B2 — day méng bé, chiéu sau dio 9m
—9.6m va 10.9m. Tai trong mé phong la tai céng trinh lan can va hoat tai thi cong.
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L

Toral dieplacoments (] (gcaled up S0.0 tnes]

sy sk = 0 09043 m (Hemare 492 3t 0 4557)

Hinh 12. M6 phéng tinh toan hé ddo Hinh 13. Chuyén vi tong

e . =
—_ _—  _—%
™
Sum phase displ ts ZPu, (scaled up 200 times) Envelope of Bending moments M (scaled up 0.0100 times) Envelope of Shear forces Q (scaled up 0.0200 times)
Maximum value = -0.01053 m (Element 55 at Node 8173) Maximum value = 134.4 kN m/m (Element 53 at Node 8991) Maximum value = 125.6 kN/m (Element 41 at Node 9941)
Minimum value = -0.04097 m (Element 41 at Node 9941) Minimum value = <419.3 kN m/m Minimum value = -225., 1 kN/m
Hinh 14. Chuyén vi ngang Hinh 15. Moment Hinh 16. Luc cat
Ux =4.1 (cm) Mmax = 420 (kNm/m) Qmax = 226 (kN/m)

Nhdn xét két qud tinh toan v; tri cac mat cat:

Bdang 1. Két qud tinh todn v; tri cac mdt cat

Mo ta | Ponvi | Giatri | Ghi chu
Tong hop chuyén vi - ngi lyc DW500 (UBND Qudn 1)
Chuyén vi ngang 16n nhét cm 3.4
Gia tri moment (TH bao) kNm/m 334
Gia trj luc cit (TH bao) kN/m 184
. Tong hop chuyén vi - ngi luc DW500 (Nha biét thyr 26)
Mat cat 1-1 — - R
Chuyeén vi ngang lon nhat cm 2.3
Gia tri moment (TH bao) kNm/m 257
Gia trj luc cit (TH bao) kN/m 181
Téng hep phan luc thanh chéng Shoring
Thanh chéng Shoring 16p 1 kN 1118 Lspacing = 7M
Thanh chéng Shoring 16p 2 kN 1930 Lspacing = 7M
Téng hop chuyén vi - ngi luc DW500 (VP SJC hién hizu)
Chuyén vi ngang 16n nhét cm 4
Gia tri moment (TH bao) kNm/m 399
Gid tri lyc cit (TH bao) kN/m 218
Téng hop chuyén vi - ngi luc DW500 (via hé dwong Phing Khac Khoan)
Mt cat 2-2 Chuyén vi ngang I6n nhat cm 4.1
Gia tri moment (TH bao) kNm/m 420
Gia tri lyc cat (TH bao) kN/m 226
Tong hop phan lyc thanh chéng Shoring
Thanh chbng Shoring 16p 1 kN 1870 Lspacing = 7M
Thanh chdng Shoring 16p 2 kN 2267 Lspacing = 7M
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2.3.3. Tinh todn luu heong Va 6 heong giéng bom ha MNN

Groundwater flow |g| (scaled up 5.00 times)
Maximum value = 0.6483 m/day

Minimum value = 0.01645 m/day

Groundwater flow [a] (scaled wp 7.00 times)
1401 it Btves g

Manirun b = 0,7567 iy (Eement 1401 8t Birens cont 15302
M 38 = 1. 164%10-2 miy (Bemant 85 3¢ S¥acs pant 74) Total discharge is 4,090 m3/day/m

Hinh 17. Ung xi dong thdm ¢ giai doan Hinh 18. Két qud heu hrong dong nuréc qua
thi céng dao ddt dén ddy mong bé dday ho dao

Nhdn xét:
— Luu luong thdm (trén 1m) theo két qua tinh toan: Q = 4.1 (m*/day/m);
— Téng luu lugng thAm trén toan bo cong trinh: SUmQ = 4.1x(36+28) = 262.4 (m*/day).

~V6i béan kinh hiéu qua cia bom tdm 15m va c6ng suét tir 5-7 Hp, sé luong giéng bé tri
du tri 12 4 giéng. Do d6 luu luong bom hang ngay cua 1 bom la: Q, = 262.4+4 = 67 (m*/day).

2.3.4. Panh gid pham Vi anh hwong cua hé dao

2.3.4.1. Phgm vi vung danh huong

Total dispk u,, (scaled up 1
Mizcomom vakse: = 003425 m {Element 945 2t fode 5832}
M yaiue = 0L02375 m (Element 350 athiode 2771

Hinh 19. Phgm vi viing dnk huéng 6 mat cat  Hinh 20. Pham vi viing dnh huéng ¢ mat cat

tinh toan 1 — 1 (Bén trai: giap UBND Qudn 1, bén tinh toan 2 — 2 (Bén trai: giap VP SJC hién hizu,
phdi: gidp nha biét thy 26) bén phdi: gi4p via hé Phiing Khdc Khoan)

e [
Mainum vake = 103376 m (Benent 1112 31 hode 3363)
Ninrum vele = 104130 m (Bement 1125 o hode 9661)

2.3.4.2. Co so két qua danh gid tinh todn

— Dua vao chuyén vi cua dat nén xung quanh trong qué trinh dao dat, pham vi anh
hudng tir vi tri bién ho dao den cac cong trinh 1an can va ha tang hién hiru t6i da la: 8m.

— Dua vao nhiéu két qua nghién cau thuc nghiém, Plaxis khuyén cdo trong huéng dan
sir dung (Plaxis Introductory Course), c6 ndi dung thé hién trén Hinh 2-20.
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Model boundaries - Excavations
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Suggestions Stability or structural analysis:a >/ and a > 2d

Hinh 21. Bién dnh hwong cua bai toan hé dao sdu

— Bién anh huéng cua bai toan hé dao siu trong dat thuong 16n hon hodc bang 2 lan
chiéu sau hd dao, hodc 16n hon hoic bang 1 lan chiéu dai twdong vay cia hd dao. Diéu nay
ddng nghia vé&i viéc pham vi anh huong téi da tir mép hd dao dén pham vi dat nén xung
quanh:R=2xH=2x9=18mhogc R =1 xL =1 x 18 = 18m.

Nhdn xét: Két qua phan tich bién anh hudng trong cong tac dao dét thi cong ting ham
nam trong pham vi gigi han 1 18 mét.

3. Két luan va kién nghi
3.1. Két lugn
— Hé tuong vy DW500, hé chdng Shoring va dam bién dam bao kha nang chiu lyc.
— Chuyén vi ngang du doan 16n nhat cua twdong vay DW500 (UBND quan 1): 3.4cm.
— Chuyén vi ngang du doan 16n nhat cua twong vay DW500 (Nha biét thy 26): 2.3cm.
— Chuyén vi ngang du doan 16n nhat cua tudng vay DW500 (VP SJC hién hitu): 4cm.

— Chuyén vi ngang dy doan 16n nhét cua twong vdy DW500 (Via hé Phing Khic
Khoan): 4.1cm.

— S6 lwong giéng bé tri du trd 12 4 giéng cong suit tir (5 = 7) Hp, luu lugng bom hang
ngay cua 1 bom la: Qa = 262.4 / 4 = 67 (m*/day).

— Bién anh huong trong cong tac dao dat thi cdng tang ham nam trong pham vi giéi han
14 18 mét.

3.2. Kién nghj
— Kién nghi gi6i han chuyén vi tuong vy DW500: Uxmax = Hdao /150 = 9/150 = 6cm;

— Trong qua trinh trinh thi céng dao dét, yéu cau quan tric chuyén vi ngang cua hé
tuong viy DW600. Bdng thoi chi trong thudng xuyén cong tac quan trac 1Gn nghiéng céng
trinh 1an can;
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— Néu xay ra trudng hop chuyén vi 16n bt thuong so voi ngudng canh béo thi phai bao
cho cac bén lién quan co bién phép xu ly kip thoi;

— Mot sb bién phap phong tranh dwoc kién nghi nhu sau: Ding cong tac thi cong dao
dat, néu nguy cip can phai lap dét lai; Tang cuong hé thanh chong dé tang tinh 6n dinh trong
qua trinh dao dat; Kiém soat duoc tinh hinh, tinh toan gia cudng an toan mai tién hanh thi
cong cac budc tiép theo; Hé thanh chéng Shoring phai duoc thi cong day du theo ding chi tiét.
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TINH TOAN CAU KIEN CHIU UON XOAN
THEO TCVN 5574:2012 VA ACI318M-08

D6 Thi Ngoc Tam'
1. Truong Pai hoc Thu Déu Moét.

Tom tit

M6 men xodn xudt hién trong két cau la do tai trong tac dung léch truc doc gay xodn,
do kich thwéc hinh hoc hodc do sie lién két gitka chiing. Trong thiét ké dam, hau nhw khi
tinh todn nguweoi ta chi quan tam dén momen uén va lyc cat ma lang quén moment xodn.
Kha ndng chiu xodn ciia bé tong cot thép kém hon so véi kha nang chiu uén, trong
nhiéu triwong hop momen xodn tuy khéng Ién ciing gdy ra dnh hedng dang ké, lam xudt
hién khe nut. Bai bao phdn tich sw lam viéc chiu xodn cia cdc cdu kién trong két cau bé
t6ng cot thép theo TCVN 5574:2012 VA theo tiéu chuan My ACI 318M-08, duwa ra vi du
minh hoa theo hai tiéu chudn trén va so sanh két qua.

1. Piit van dé

Trong céc két cAu bé téng cét thép, thudng gap cac cau kién chiu ubn xoan dong thoi, vi
du nhu dam d& ban cong, cac ban san c6 dang cong x0n, dam coéng xdn, dam vong, cau thang
x0an, ... hodc cac cau kién khac khi ma lyc tac dung 1én chdng khéng nam trong mit phang di
qua truc doc caa chiing. M6 men xoan c6 xu huéng lam xoin céac cau kién quanh truc doc cua
c4c cau kién nay. Tuy nhién, it khi cac cau kién chi chiu xoan thuan tuy ma trong phan 16n céc
truong hop, chling chiu tac dong xoin két hop dong thoi vai cat va udn.

Khi tinh todn xodn cho ciu kién theo tiéu chuan Viét Nam TCVN 5574:2012 (Tiéu
chuan xay dung Viét Nam, 2012) tuy dap tng vé yéu cau thiét ké nhung con nhiéu yéu té
chwa dugc xem xét, phan tich mot cach rd rang dé co thé danh gid ding muc va hiéu qua.
Ngoai ra, c6 rat nhiéu cong trinh nudc ngoai dau tu vao nudc ta nén viéc thiét ké tinh toan
theo tiéu chuan nudc ngoai can duoc st dung. Pé tai “Tinh toan cdu kién chiu udn xoin theo
TCVN 5574:2012 va ACI318M-08” nham gidip cac nha thiét ké luu y khi sir dung tiéu chuan
Viét Nam va tiéu chuan nudc ngoai dé tinh toan va kiém tra.

Hinh 1. Mat cat pha hogi trong cdu kién xodn thuan tay
(Thomas T.C. Hsu, 1968)
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a. Pha hoai & mat bén dam b. Ph& hoai ¢ day dam

Hinh 2. Mat pha hogi trong cau kién uon (cat) xodan (Dwong Nguyén Hong Toan, 2008)

2. Co s6 1y thuyét

2.1. Theo tiéu chudn Viét Nam TCVN 5574:2012 (Tiéu chudn xdy dung Viét Nam,
2012)

Khi tinh toan tiét dién ta dwa trén céc gia thiét sau:

— B0 qua kha nang chiju kéo cua bé tong;

—\Ving chiu nén cua tiét dién duogc coi la phang, nam nghiéng mot goc @ véi truc doc
cau kién, kha nang chiu nén cuaa bé tong lay bang R sin? @ va xem nhu phan bb déu trén ving
chiu nén x;

— Ung suat kéo, nén trong cot thép doc va cdt thép ngang cat qua ving chiu kéo cua tiét
dién khong gian lay bang cuong d6 tinh todn Rs, Rsc VA Rgy.

Tinh toan ciu kién chiu udn xoan la thuc hién bai toan kiém tra. Tir momen uén tinh so' b
duoc cbt thép chiu kéo As, chon dit cbt thép ting hon gia tri tinh dwoc, bé tri thém cét doc theo
phuong canh h. Tir lyc cét ta tinh ra cét dai, chon khoang cach bé hon gia tri tinh dugc. Sau khi so
bo tinh va bé tri thép doc va dai ta tién hanh tinh toan kiém tra xoan theo trinh ty sau:

— Kiém tra v& diéu kién ang suat nén chinh:

M, <0.IRb% (1)
Néu béténg co cap do bén > B30 thi lay Ry tng véi cip B30 dé tinh.
— Piéu kién vé kha nang chiu lyc tiét dién vénh:

1+ ¢, 007
M <M_ = — " _(h,-0.5x) (2
=My RALE 059 @

Chiéu cao ving nén x xac dinh theo céng thic:

RA-RA=RpX (3)

Diéu kign: 2a <X <&h, (4)
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Trong do:
8, A- céc ty s6 canh tiét dién twong ting song song va vudng goc véi duong gisi han
vung chiu nén;
b

o=— (6
2h+b()

ﬂ:%;cs2h+b (6)

®,,- hé sb quan hé giira c6t thép ngang va cét thép doc;

Z%M97
P RAS()

Giatri ¢, can dugc han ché trong khoang:

qow,min < ng < (Dw,max (8)
0.5

I S ()
¢w,mln 1+M /2¢WMU ( )

D e =1.5(1—Mﬂj (10)

u

Néu @, < @, min thi RéAs trong (3) giam xuéng 1a (Rsﬁg )x(gow / (/)W’min)

Trong céc cong thic dung cac ky hiéu sau:

b — kich thudc canh song song vung nén;

h —kich thudc canh vubng goc vai duong gisi han vang nén;

Ay — dién tich cét thép doc dit theo canh b trong viing nén;

A — dién tich ¢t thép doc dit theo canh b d6i dién ving nén;

h, — khoang céch tir trong tam As dén mép vung nén;

Rs, Rsc — cuong do tinh toan vé kéo va nén cua cét thép doc;

Rsw — cudng do tinh toan cét thép ngang;

Asnz — dién tich tiét dién caa mot thanh cdt dai nam & canh phia cét thép A cta so dd
dang xét;

s — khoang céch cua cdt dai;

M — mdmen udn, & so dd 2 1dy M =0, ¢ so dd 3 lay M voéi dau trir;

My — md men udn 16n nhat ma tiét dién thang gdc véi truc doc cau kién chiu duoc;

@y, X — dugc xéc dinh theo tung so do.

TCVN 5574:2012 dua ra ba so do dé tinh Mg, cua tiét dién vénh, cac so d6 tng V6i
vung nén khac nhau.

So d6 1: Canh bi nén do uén caa cau kién.

So dd 2: Canh cua ciu kién song song véi mat phang tac dung caa mdmen uén.

So db 3: Canh bi kéo do udn cua cau kién.
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Hinh 3. So d6 vi tri viing nén cua tiét dién vénh (Phan Quang Minh va nnk, 2016)

Trong TCVN 5574:2012 khéng c6 quy dinh khi ndo khdng can tinh theo so d6 3. Tuy
nhién, theo Pham Quang Minh, Ngb Thé Phong, Nguyén Pinh Céng chi can tinh theo so d6 3
trong nhitng doan dam c6 mémen xoan tuong d6i 16n hon mémen uébn:

M, >2M b
2h+

- hay M =0 (11)

Hinh 4 13 so dd tom tét tinh toan cau kién chiu uén — xoén theo TCVN 5574:2012.
2.2. Theo tiéu chuin My ACI318M-08

Khi tinh toan tiét dién ta duwa trén céc gia thiét sau:

Viéc tinh toan xoan trong ACI 318M-08 dya trén mo hinh dng thanh mong (Hinh 5) va
mo hinh gian ao (Hinh 6) trudc va sau khi nut (ACI 318M-08; Lé Minh Long, 2012).

Dong rng suat cat (q)

Thanh thép doc

CacdBiBt
Xién chiu nén
Hinh 6. M6 hinh gian do

(b) Dién tich duwgc bao b&i chu vi dong U'S cat

Hinh 5. Md hinh éng thanh méng
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Khi tinh toan thiét ké bo qua phan 16i cua tiét dién dic. Dam duwoc mé hinh héa dudi
dang 6ng thanh mong. Xoin duoc chiu bai dong &ng suat cit khong ddi tac dung vong quanh
duong truc caa 6ng nhu trén Hinh 5.

/ B3t diu /

Tangtiét dién, dichiét
la b hodc téng cép do
bénbétdng

Ki€m tratheo Mt va Kiémtratheo Mt va Q

Tinh toén nhu treing
thda hgpkhéngthda nhu
ddi val tro As’ va As vl
M mang ddu(-)

Khong
lthc‘la
M b Hoan ddi vi b va htrong . R A,
Tinh: 7= l_jro " 2h+b cong thive trir céng thive Tinh: Q.. = s G
tinh @, vdiAsvass'la . , B
Rid =R i S B e g MNeu x<2a’ xem As'=0
x= 2 TR x<2a’ xem nhuAs'=0 théphd trila théphd tri
Rb theocanh h:
v
M, =Rbx(h=0.5x)+R A (hy-a) Kiém tra cwdngdd theo cong thire:
0<0,+0,- %
b
R 4. b 05 L ‘ L
@ = R 4 ;;@-‘,gz -— Dao ham vé phaitheo C1 cho bing 0 = C1, néukhdng
& = - thda dk trénthi diéuchinh b, h, thép dai, thépdoc
Tinh: 20, M, e AT
A
Puzw =1.3] 1—%
= Néu @, <@, thinhanRsAsvditi sd QA tinh lai
g tinhlai i, =05 4 = 5;@9, =1+ 2
’ ) S 2M,
Bao ham gh theo C cho bang 0= G, néu khdng NEU x > Z,J1, thi nhan RsAs véiti s6 ?n‘%
théadk M, < M, thi diduchinh b va h, thép dai, ) :
2 ) 7 . < 1+@ 047 P
thép doc (theo canh b)=> tinh |ai M_ =RA —"—(h-05x)
T QL+ N

Hinh 4. So' d6 tém tat tinh toan cau kién chiu usn — xoan theo TCVN 5574:2012

Khi dam chiu md men xoan, c6 ung suat kéo chinh q>4,/f, thi xuat hién cac vét nut

xién bao quanh dam. Sau khi nit, dng dugc mé hinh hoa dudi dang gian ao khéng gian nhu
trén Hinh 6. Trong dan ao nay, cac thép dai khép kin va thanh thép doc chiu kéo, cac day bé
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téng xién nghiéng mot géc @ chiu nén. Luc trong cac phan tir nay xac dinh tir cac diéu kién
can bang, sir dung dé tinh toan.

Trong céc cdng thirc dung cac ky hiéu sau: A, - dién tich cbt thép dai chiu cit cia mot
nhanh; A, - dién tich cbt thép dai chiu xodn ciia mot nhanh; Py, - chu vi phan tiét dién duoc bao
boi duong truc cua cdt thép dai ngoai ciing; Agh - dién tich dugc gidi han boi duong di qua
truc ctia cot thép ngang chiu xoin; Mt - md men xoin do ngoai luc gay ra tai tiét dién xem xét
da duoc nhan véi hé sé tai trong (vuot tai); Mg - md men xodn gay nat; d - chiéu cao hiéu
dung cua tiét dién; fy- gioi han chay trong cét thép; by, - chiéu rong tiét dién dam dac; V. - luc
cat do bé tong chiu; V, - luc cat dd nhan h¢ s tai trong; f, - cudng do chiu nén ctia mau try

chuan (dudng kinh 150 mm va chiéu cao 300 mm); f, - cuong do chay déo cua thép chiu uén;

Fy
cua tiét dién dam chinh; S- khoang cach dai, khi chiu xoan khong duoc 16n hon P/8 hoic 300
mm; khi chiu cit khéng duoc 16n hon d/2 hodc 600 mm.

- cuong d¢ chay déo cua thép chiu xoan; Ag, - dién tich tiét dién dam chinh; Pg, - chu vi

Dim chiu uwén va cit,
chiu xoan khing dang
ke

Bit diu

.l' ‘{_' b1
M, =03307 | -
1

Khéng
thoa

Dim thiét ké chiu _dnh
hwéng uon, cit va xodn

#M

Ding monment xoin .
Mt dé tinh cot thép Xodn [thaa

<M, <¢M Cé PP néi luc

Kiém tra kich thwdc hinh hoc tiét dign:

vy (MBY _ (W )
el 2L 2l 1066
\5.a) \174. ) =%\ 54 ‘f?

thoa = . -n
Tang t1et dién

Tinh cét thép ngang chiu xon: Tinh cot the;: ngang chiu cat- Cét thép ngang yéu ciu:
A i ) Y _y 4 A4 0175,
?_qﬂ_i,j:_cott? dz—$=¢ S rd 5 25 7,

¥ac dinh cdt thep doc bd sung chin xoin:
(A p( L) ros
Téng hop cdt thép dim chiu xodn va chiu udn 4 B A I._ N | cotf2 4,

Hinh 7. So d6 tdm tat tinh toan cdu kién chiu uén — xodn theo ACI318M-08
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3. Vi du tinh toan

Noi lyc tai mot vi tri dam tiét dién chix nhat 25x40cm, bétdng cip B20, cét doc nhém
All, cbt dai nhém AII, mdmen ubn 1a M = 6T, = 600000 daNcm, mémen xo0in M; = 2T,
=200000 daNcm va luc cit Q = 5T = 5000 daN. Chon, bd tri cét thép tai vi tri mat cat nay.

3.1. Tinh toan theo TCVN 5574-2012

B20 ¢6 R, = 11.5MP, = 115 daN/cm?, £R = 0.62 (bétong ning, & =0.85)
All c6 Rs = Ry = 280 MP, = 2800 daN/cm?

Chon a = 4cm, hg=h-a =40-4 = 36cm

Xac dinh A theo bai toan tinh cét don véi » =0.8

M 600000
Ryh, 2800x0.8x36

Chon A =4¢18=10.18cm?

Dy = 7.44cm2

Chon bé day bé tong bao vé 2.5cm, cbt dai ¢ 10:

a = 20+10+18/2=39mm=3.9cm

Chon thép viing nén 2¢14 c6 A =3.08cm’. Thép dit gilta canh 2¢14.
Cét thép dai #10, khoang cach s=5cm c6 A, =0.785cm?

Tinh céc hé sé:
M _ 600000

M, 200000

o= b = 25 =0.238
(2h+b) (2x40+25)

¢, =1
2014

/ /
—F f >
2014

=
‘ 010a50
cti_l— :

VLV 4018
250

400

Hinh 8. Mgt cdit dam kiém tra theo so do 1
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Kiém tra diéu kién vé ing sudt nén chinh:
M, =200000daNcm < 0.1R b*h, =0.1x115x 25° x40 = 287500daNcm
Kiém tra theo tiét dién vénh:

— 2%600000% 22— 285714daNcm

2h+b 2x40+25
= Vj tri mat cat nay kiém tra theo so do 1, khdng can kiém tra so do 3.
a’ =20+10+14/2=37mm = 3.7cm

_RA-R,A _2800x10.18—2800x3.08
R,b 115% 25

M, = Rjox(h, —0.5x)+R A (h,—a')
=115x 25 6.915(36—6.915/ 2) + 2800 % 3.08 x (36 —3.7) = 925520daNcm = 9.26Tm

M, = 200000daNcm < 2M

=6.915cm < 2a = 7.4cm

RwA, b _ 2800x0.785 25

o, = —0.386
RA s 2800x10.18 5
05 05
Parnin = M 600000 =0272
1+ 1

+
20,M, 2x0.386x925520

Purm =15 1= M| _1 5[ 1- 600000]:0.528
M, 925520

¢wmin < §0 < ¢mw

1+ (pwa/l (

1:%:23 =My, =RA T h, —0.5)

DPao ham bac nhét Mgn theo ¢, cho bang khong, ta co: A = 1.458:

1+ gow5/12

o =RAZLO (05

2
= 2800x10.18x 1+°'386X0'238X1'458 (36—0.5x6.915) = 248708daNcm

1x1.458+3
M, =200000daNcm <M, => Cau kién du kha nang chiu lyc.

Kiém tra theo so do 2:

M, =200000daNcm > 0.5Q x b = 0.5x 5000 x 25 = 62500daNcm
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Hinh 9. Mdt cdt dam kiém tra theo so do 2
B20 c6 Ry = 11.5MPa = 115 daN/cm2, &R = 0.62 (bétong nang, &; =0.85)

All c6 Rs = Ry = 280 MP, = 2800 daN/cm?
a=2a=20+10+18/2=39mm=3.9cm

A= Ag =1418+1414+1414 =2.54+1.54+1.54 = 5.62cm?.
Tinh céc hé sé:

M
-M_o
X M,
s=_ b _ A 4 _gam
(2h+b) (2x25+40) 9
x=0,M,=0

_R,A. b _2800x0.785 40

D = x—=1.12
RA s 2800x562 5
05 05
Parmin = M 600000 =05
1+ 1+
20,M, 2x0.386%925520

o, =15/ 1M |_15x 1—Mj=1.5
M, 925520

_,, Qh _, 500040 _

= =1.104;
2M, 2x600000

Dao ham bac nhit My, theo ¢, cho bang khong, ta co: A = 1.414.
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1+ ¢W5/12 (

—RAS h, —0.5x)

2
— 2800%5,62x 1411204441414 (21—0.5%0) = 422160daNcm

1.104x1.414+0

M, =200000daNcm < M, = Céu kién du kha nang chiu luc.
3.2. Tinh toan theo ACI 318M-08
Acp 1a dién tich tiét dién dam, Ag,=250x400=100000mm?
Pep 14 chu vi tiét dién dam, Pe,=2x(250+400)=1300mm
2 2
M, =0.334,[f, [%j =0.33x1x+/25 x(lolc;c())%o ] =12692308Nmm =12.7KNm

cp

M, = 20KNm > %3.175KNm = Thiét ké dam chiu udn, cat va xoan.
"’5'\2“ - 0'75212'7 — 2.38kKNm < M, = 20kNm < gM.. = 0.75x12.7 = 9.525kNm

= Khong thoa, tinh xodn trén toan tiét dién.
Kiém tra kich thuéc hinh hoc:
Lép bé tdng bao vé 1a 20mm, cbt dai d10 nén:

A, =200x350 = 70000mm?* = 700cm’

P, =2x(200+350) =1100mm =110cm

V, =0.174/f.b,d = 0.17 x1x /25 x 250 361 = 76712.5N =76.7kN

o] {35 o)

50000 Y (20000000x1100 \ 767125 N
J( j +[ j =2.64 Aq mzso.75( +0.66425 j 3.1125 %ﬂ .

250x 361 1,7x70000” 250x 361

= Kich thudc tiét dién thoa diéu kién khdng ché.
Xdc dinh cét dai chiu xodan:

=0.85A,, = 0.85x 200350 = 59500mm’ = 595cm*
h

0 =145

A _ M, = 20000000 =0.76mm?/mm/nhanh

s ¢g2Af,cotd 0.75x2x59500x 295x cot 45
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Xdc dinh cét dai chiu cdt:

v
A Eu o 5(())(;(230 - 76712'7 mm?
2= J2fdT 295x361= 0047 ™

A A , - S —_amm?
= Bé tong du kha nang chju cat =» A =0 /nm

Xdc dinh cét dai chiu x0dn va cdt:

ﬁ+i _0.7640=0.76> 0.175b,, _0.175x250

s 25 fyt 295

=0.15mm?/mm/nhanh

V6i thép dai d10 c6 As=78.54 mm? nén s=78.54/0.76=103mm=> chon s=100mm.
Kiém tra khoang cach téi da cho phép cua cét dai:

+ Khi chiu xoan: s khong dugc I6n hon Py/8=1100/8=137.8mm hoic 300mm;

+ Khi chiu cit: s khong duoc 16n hon d/2=361/2=180.5mm hozc 600mm:;

Vay chon khoang céch cét dai s=100mm.

Xac dinh cot doc bé sung chiu xodn:

%[ﬁ) . [f_]

S f

y

min

_ 042x\/25x100000 . 000 (295 op o oo
295 295

f
A =(ﬁj P| -2~ |cotd= 0.76><1100><(&j><1:836mm2 > A in
S f 295

y
Cét doc chiu xodn phan bd déu theo chu vi caa cbt dai kin véi khoang cach tdi da
300mm. Chon 6 thanh = dién tich mdi thanh: 836/6=139.3mm?. Chon thép d14.
Xdc dinh cot doc chiu uan:

R~ M, _ 60000000 _, ..
" ¢bd® 0.9x250x361°

p:0.85fc 1 he 2Rn' _085x25(, || 2x2046 ) 74
f 0.85f 295 0.85x25

y

A = pbd =0.0073x 250 361 = 658.825mm?
Chon 3d18 c6 A=763mm?
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Hinh 10. Mdt cdt dam b tri thép dam khi tinh theo ACI 318M-08

4. Két luan

Bio c4o di néu rd dugc quy trinh tinh toan cdt thép khi cdu kién chiu ddng thoi noi luc
udn, xoan va cat theo TCVN 5574-2012 va tiéu chan ACI 318M-08. Qua do, tac gia nhan
thiy duoc khi tinh toan theo TCVN 5574-2012 thi phac tap, can thuc hién kiém tra vénh
nhiéu so dd, va chua xac dinh cu thé dugc dién tich cét thép chiu (ng véi ting thanh phan noi
lyc ma chi la chon thép va thir dan. Nguoc lai khi tinh toan theo ACI318M-08 thi tinh toan
don gian hon va c6 thé xac dinh duoc cdt thép cu thé Gng véi ting thanh phan nai luc.

TAI LIEU THAM KHAO

1. ACI 318M-08: American Concrete Institude (ACI), Building code requyrements for structural
concrete.

2. Lé Minh Long (2012). Tinh toan c4u kién chiu xoin theo ACI 318M-08. Tgp chi KHCN Xay
dung.

3. Phan Quang Minh, Ngd Thé Phong, Nguyén Dinh Cdng (2006), Két cdu bé tong cot thép, NXB
Khoa hoc va ky thuat.

4. Tiéu chuan xay dyng Viét Nam (2012), TCVN 5574:2012, Két cdu bé téng va bé téng cot thép -
Tiéu chuan thiét ké, NXB Xay Dung.
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TINH TOAN HE SO TAP TRUNG CUONG PO UNG SUAT CHO TAM
CHU NHAT CO VET NUT CHIU KEO O HAI PAU BANG PHUONG
PHAP PHAN TU HUU HAN MO RONG

Nguyén Nhut Phi Longl’ Ho Sy Hilngl, Tran Vin Pién, Trin Thién Huan*
1. Truong Pai hoc Sw pham Ky thudt TP HCM, 2. Truwong Dai hoc Tra Vinh,

Tom tit

Théng qua viéc sir dung Iy thuyét co hoc phd hiy, hé sé tdp trung cwong do g sudt
can phai dige tinh todn chinh xdc nham c6 co sé mé phong qud trinh phdt trién vét niit.
Bai bdo trinh bay viéc sir dung phirong phdp phdn tir hitu han mé réng dé tinh todn hé
$6 tdp trung cwong dé g sudt cho tam chit nhdt cé vét it chiu kéo & hai dau. Phirong
phdp ndy cho phép vét nirt dwoc thé hién mét cach doc ldp véi ludi phan tir va do dé
khéng can chia lai lw6i phan tir khi mé phéng vét mirt phat trién. Céc két qud nghién
ciru chieng minh dwoc tinh ding ddn, hiéu qua ciia phwong phédp phan tir hitu han mé
rong va co thé duw dodn sy lan truyén vét nirt cho tam chit nhdt cé vét it chiu kéo & hai
dau va la co s¢ dp dung réng rdi cho cdc bai todn pho bién.

1. Gioi thiéu

Co hoc phéa hay 1a mét linh vuc caa co hoc, chuyén nghién cau sy hinh thanh cua vét nit
trén vat liéu cua két ciu. Co hoc pha hay 1a mét linh vuc dong vai trd quan trong trong viéc cai
thién hiéu suat co hoc cua vat lidu va céc thanh phan co hoc ciia két cau. Co hoc pha hiy con
nghién ciu vé do6 bén tudi tho cua vat liéu, chi tiét may hozc cau kién khi co cac vét nut. Trong
nhitng ndm gan day, phuong phap phan tir hitu han mé rong xuat hién nhu mot ki thuat hiéu qua
trong viéc phan tich nhiing van dé cua vét nit. Phu:ong phap nay ngay cang dugc str dung rong réi
nhu mot phuong phéap kha thi trong mé hinh vét nut phét trién dudi gia thuyét ciia co hoc ran nut
dan hoi tuyén tinh. Nguyén tac cua phuong phap phan tir hitu han mé rong 1a két hop nhiing ham
ma rong vao nhiing phan ti suy bién dé tinh chuyén vi & gan dinh vét nat.

Céc cong trinh & nuéc ngoai tap trung vao co ché pha huy va tng xir caa vét nat, qua
trinh hinh thanh va phét trién truong tng suat - bién dang o 1an can vét nat, pham vi nghién
clu rat rong, vira co tinh Iy thuyét vira c6 tinh thyc tién, nham thiét 1ap md hinh, cho phép
danh gia va dy doan kha nang chbng pha hay cua vat liéu trong cac diéu kién chiu luc, nhiét
do, ap suat, va moi truong khac nhau (Hibbitt va cs, 2006; Al-Mukhtar va cs, 2009; Carl E.
Cross va cs, 2011; Ahmad Ivan Karayan va cs, 2012; Yan va cs, 1999; Mohammadi, 2008).

Trén co s ly thuyét xap xi va roi rac héa phan tir hitu han mé rong, chdng toi tinh hé s6
cuong d6 ng sut trén phuong phap tich phan tuong tac cho mot trudng hop cu thé, va tién
hanh mé phong, chua dua trén co s thuc nghiém (Truong Tich Thién va cs, 2010; Vi Cong
Hoa va cs, 2010; Loc V. Tran va cs, 2013; Tran Trung Dung va cs, 2013).
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2. Co sé ly thuyét

21 Ung suidt tip trung tai dinh vét nict va hé so tdp trung g suit (hé sé6 cwong do
trng suat) (Anderson, 1995; Hosford, 2005; Mohammadi, 2008)

Ham ¢ng suat Westergaard:

Khi vét niit xuat hién, tai ving gan dinh vét ntit xuét hién ¢ng suét tap trung, dé biéu thi
cho mic do tap trung cua ang sut tai gan dinh vét nit nguoi ta ding hé sb K, goi 1a hé sb tap
trung ng suat (hé sé cudng do Gng suat).

Hinh 1. Phan bé ing sudt tdp trung dau vét nirt (Anderson, 1995)

Ung sut tap trung tai dinh vét nut:

. :a\/E cos?@-sinZsin®?y @
or 7 2%

o, :a\/gcosg(hsingsin 326) (2)
T, = a\/%cosgsin gcos% (3)
Déi véi ing suét phang:

o,=0 (4)
Déi véi bién dang phang:

o,=vo,+0,) (5)
7y, =Ty =0 ©)
Hé sé tap trung Gng suat K:

K, =1lim,_,, 00,20 )

2.2. Xdp xi trong phwong phdp phén tiv hivu han mé rong
Khao sat mot diém x thuoc mién phan ta, xap xi chuyén vi tai x:

U () =u"+u™ = > N 0u + Y N (Qw(x)a ®)

ieN, jeNer
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Trong md hinh vét nat phang:

L= N+ T NOOH,a, + Y NS Fu(by  (©)

ieN, jeNds keNasymet
Ne, NS, N2Y™P |30 luot 1a tap cac nit khdng mo rong, tap cac nit bi chia cit bai vét nat
va tap cac nut chira dinh vét nat;
bak 12 bac tir do mo rong dudi cia ham Fy tai nat k.
Tuy theo tirng treong hop ma chon cac ham ma réng phu hop.

wxy= Z N, (e, 4 Z N, (x)H (x)a, + Z :-i'ﬂ.[.\']z Fi(x)b,,

| | |

|
' ‘MtrR(m_g. ‘
99 @® binh
19 X1 1
doef Yoed et .
T 1] ham

i il B0 AR Heaviside

Pé thuan tién trong tinh todn x4p xi, phuong trinh (9) dwa vé dang sau:

U (X) =u™" +u™ = > N, (), +i >N, (X () a0

ieN, k=1 jeN°
k = (1+4): ham m¢ rong la ham m¢ rong tai dinh;
k = 5: ham ma rong la ham Heaviside.

gulel:\/;sing
) 0
W =Fz=\/;C05§

z//3=F;:\/?singcose (11)

y'=F, :\/;cosgcose

v = Hsign(®(x))

3. Vi du tinh toan
Xét tim hinh chir nhat ¢6 vét nat chiu kéo & hai ¢au nhu Hinh 2.
Chiéu dai H = 0.4 m, chiéu rong W = 0.3 m, chiéu dai vét nat a = 0.1 m.
Dic trung vat lidu: mo-dun dan hdi E = 2.5 x 10 N/m?, hé sb Poisson v = 0.3.
Ung suét kéo & hai dau o = 10* N/m?.

Phan tich phan tir hitu han duoc thyc hién trong truong hop bién dang phang.
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T 11

Hinh 2. Tam hinh chiz nhdt cd vét nit chiu kéo ¢ hai dau (Anderson, 1995)

Hé sé tap trung (g suat chinh xac (Anderson, 1995):

K, = f(ovma (12)
W
Trong do:
a a a a a
f(—)=1.12—-0.231(—) +10.55(—)? —21.72(—)® +30.39(—)* 13
(W) (W) (W) (W) (W) (13)
= K. =9.1076  (psiv/in) (14)
Bdng 1. Kich thudc hedi va so phan tir
Lu6i Kich thwéc S6 phan tir 2DT6
Ludi 1 15 x 33 990
Ludi 2 75 x 165 24750
Ludi 3 135 x 297 80190
Ludi 4 195 x 429 167310

Y

{..

Hinh 3. Cdu tric lwdi 1 (kich thuéc 15 x 33)
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Hinh 7. Gan théng so vat liéu cho ludi 1

Bang 2. Ty $6 rahayg Va gid tri Kic chudn héa cho 4 luéi

ra/Navg Luéi 1 Luwai 2 Luwéi 3 Luwoi 4
3.0 1.0593 1.0126 1.0075 1.0055
3.5 1.0601 1.0133 1.0083 1.0063
4.0 1.0600 1.0131 1.0081 1.0061
4,5 1.0600 1.0131 1.0080 1.0061
5.0 1.0600 1.0131 1.0080 1.0060
6.0 1.0603 1.0132 1.0081 1.0062

- p————p—nnononon oo p————— —

i T i, i i
—_—
3 35 4 4.5 55 6

——Luwoi1
~B—lLuwdi 2
—a—Lwéi 3

——|lroid

Tisé T Mg

Hinh 8. Quan hé giia ty so ra/hayg Va gid tri Kic chudn héa cho 4 heoi
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Y-Displ. Trans.
1.0964e-06
8.5273e-07

I 6.0908e-07
- 3.6544e-07
1.2179e-07
-1.2186e-07
-3.6551e-07
-6.0915e-07
-8.528e-07
-1.0964e-06

() Céu truc ludi 4 -

(kich thuéc 195x429) (b) Trudng chuyen vi uy (c) Trudng g suat oy
Hinh 9. Két qua md phdng so

4. Két luan

Bai bao di trinh bay viéc tinh toan hé s tap trung cudng do tng suit cho tim chir nhat
6 vét nat chiu kéo & hai dau bang phuong phap phan tir hitu han mg rong. Két qua nghién
ctu cho thay tinh higu qua ciia phuong phép duoc dé xuét va 1a co sa trong viéc du doan sy
lan truyén vét ntt cho cac bai toan phé bién trong thuc té.
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