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Tom tat

Nghién cifu niy phan tich cAu tric dong luc hoc clia nuéc nhiy hoan chinh trén nén nham ling tru tam gidc vudng thong
qua hau xi 1y 210 trudng hop mé phong s6 di dudc kiém chiing. Thay vi chi xem xét cac tham s6 vi mo nhu d6 sau lién hop
va chiéu dai nudc nhay, nghién ciiu tap trung 1am 16 co ché tiéu hao ning lugng & thang vi mo dua trén bién dang vén tbc
chuin héa va phan b xody trong viing nuéc nhay. Két qua cho thiy hinh hoc nhdm tam gidc vudng lam thay ddi ban chét
16p dong cit chinh, ngoai cudn xody 4m dic trung clia nudc nhay trén ddy tron, cac gradient van tdc cuc bd do qud trinh gia
téc trén mit nghiéng va tich dong tai canh nham d tao nén cic viing xody ducng st ddy. Su tuong tic giita hé xody am
quy md 16n va céc xody dudng cuc bd nay lam ting cudng trao ddi dong lugng theo phuong diing, t4i phan bd ning lugng
tir dong chii xudng 16p bién ddy. Hé qua 1 bién dang van toc sai khac 16 rét so véi truong hgp nén tron, véi van toc cuc dai
dich chuyén ra xa ddy va chiéu day 16p bién ting xp xi ba 1an. Ngoai ra, nhitng phat hién nay cung cip co sé khoa hoc cho
viéc t6i uu héa thiét ké bé tidu ning.

Tir khod: nuéc nhdy tu do; nén nham ling tru tam gidc vuong; bé tidu ning; trudng véan toc; bién dang van tdc chuin héa;
phan bb xody.

FLOW VELOCITY FIELD CHARACTERISTICS IN THE HYDRAULIC JUMP REGION OVER RIGHT
TRIANGULAR PRISM ROUGH BEDS
Abstract

This study examines the hydrodynamic structure of fully developed hydraulic jumps over rough beds composed of right
triangular prisms, based on a comprehensive post-processing analysis of 210 validated numerical simulations. Rather
than limiting the analysis to macroscopic parameters such as sequent depth and jump length, the research focuses on the
microscale mechanisms governing energy dissipation, based on normalised velocity profiles and vorticity distributions
within the hydraulic jump region. The results demonstrate that the triangular roughness geometry fundamentally modifies
the primary shear layer structure. In addition to the dominant negative roller vortex typically observed in smooth-bed
hydraulic jumps, localised velocity gradients generated by flow acceleration along the inclined prism faces and flow
separation at the roughness edges give rise to positive vorticity zones in the near-bed region. The interaction between
the large-scale negative roller and these near-bed positive vortices enhances vertical momentum exchange and promotes a
redistribution of kinetic energy from the turbulent core toward the bottom boundary layer. As a consequence, the velocity
profiles deviate significantly from classical hydraulic jump behaviour, with the maximum velocity shifting farther from the
bed and the boundary-layer thickness increasing to approximately three times that of smooth-bed conditions. Furthermore,
these findings provide a scientific basis for optimising the design of stilling basins.

Keywords: free hydraulic jump; right triangular prism rough bed; stilling basin; velocity field; normalized velocity profiles;
vorticity distributions.
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1. Gidi thiéu
Nudc nhdy 12 mot hién tuong thity luc co ban trong dong chiy hd, dic trung bdi su chuyén tiép
dot ngodt tit ché do chay xiét sang ché d6 chdy ém, kém theo qua trinh tiéu tdn ning lugng manh mé
va bién ddi sau sic ciu tric dong chdy r6i. Hién tugng nay thudng xuét hién & ha Iuu cic cong trinh
xa i, dap tran va bé tidu ning, noi yéu cau kiém sodt hiéu qua ning lugng du thira nham dam bao 6n
dinh 1ong dan va an toan cong trinh [1-8]. V& ban chét dong luc hoc, nuéc nhay hoan chinh dugc chi
phdi béi su tuong tac phiic tap gitta 16p dong cit rdi phat trién manh, viing cudn xody quy md 16n &
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phia trén (roller zone) va 16p bién sét day, noi dién ra qua trinh trao ddi dong lugng va tiéu hao ning
lugng véi cudng do cao [9].

Trong cic nghién ctiu kinh dién, nuéc nhdy chi yéu dudc khao sit trén nén ddy tron [10-15], v6i
gia thiét ring co ché tiéu hao ning lugng dudc chi phdi bdi su phat trién ctia 16p dong cit r6i chinh va
hé xody quy md 16n trong viing nudc nhdy. Tuy nhién, trong diéu kién thuc té, khi yéu cau rit ngan
chiéu dai bé tiéu ning hoic khi bi han ché vé mit bang b tri, viéc st dung nén ddy tron thudng khong
ddp tng dudc hiéu qua tiéu ning mong mudn. Do d6, cic phan tit nhdm vé6i hinh hoc x4c dinh thudng
dudgc bd tri trén ddy bé nham ting cudng tiéu hao ning lugng va diéu chinh céu tric dong chay [3].
Su hién dién ctia nén nham khong chi 1am gia ting luc cdn ma sat ma con giy bién d6i ding ké trudng
van toc va co ché t6 chic dong chay rdi. Cu thé, nén nhdm lam thay ddi phan b van toc theo phuong
thang diing, thiic ddy su hinh thanh va tucng tic clia cac cAu triic xody cuc bo, dong thdi lam bién ddi
phén bb ting suit cat trong toan bd ving nudc nhady [16-26]. Nhitng anh hudng nay dic biét ro rét
trong 16p dong gan ddy, noi déng vai trd then chdt trong qua trinh truyén dong lugng va tiéu hao ning
lugng ctia dong chdy. Mic du da c6 nhiéu nghién ciiu vé nudc nhay trén nén nham, phan 16n cic cong
trinh van tap trung vao cdc chi tiéu vi md nhu chiéu dai nudc nhay, ty 1& suy gidm ning ludng hoic
hé s6 tiéu ning [25-29]. Mot s6 nghién citu thuc nghiém va s6 gin diy da bat du xem xét phan bd
vén toc trung binh va ting suit day [16, 18, 19, 28, 29], tuy nhién cac phan tich nay chii yéu mang tinh
mo ta hodic cuc bd, chua 1am rd dudc co ché dong luc hoc chi phdi & cip do vi mo. Pic biét, cc dai
luong c6 y nghia quyét dinh d6i v6i qua trinh truyén dong ludng va tiéu hao ning luong nhu tensor
bién dang dbi xiing (strain-rate tensor), cAu triic xody cuc bd va tuong tac giita xody - 16p bién ddy vin
chua dudc khao sat mot cach hé thdng. Diéu ndy din dén viéc thiéu hut mot khung ly thuyét day di
d€ giai thich ban chit clia qua trinh tiéu ning trén nén nham c6 hinh hoc x4c dinh. Song song vdi do,
su phat trién clia cac phuong phdp nghién ciiu hién dai d3 md ra kha niing tiép cin siu hon vao ciu
tric dong chay. Cac ky thudt do dac thuc nghiém nhu PIV [30] va ADV [31] cho phép do dac trudng
van tdc véi dd phan gidi cao, trong khi cic mo hinh dong Iuc hoc chit 16ng tinh todn (CFD) cung cip
kha ning tai hién chi tiét trudng dong chay réi trong khong gian va thdi gian. Tuy nhién, ngay ca trong
cac nghién ctiu CFD gan day [25, 29], trong tdm van chd yéu 1a mo phdng va xdc nhén céc dic trung
tong thé cua nudc nhay, trong khi viéc khai thac siu céc dai lugng dong luc hoc bac cao nhu trudng
bién dang va ciu triic xody gan v6i hinh hoc nhdm van con han ché. Pang chii y, nén nhdm dang ling
tru tam gidc vudng [25] tao ra mot cAu hinh hinh hoc bét ddi xting theo phuong dong chéy, dan dén
su hinh thanh céc co ché dong luc hoc dic thi nhu gia tée cuc bd, tich dong, va tdi bam tuan hoan
theo chu ky budc nham. Nhiing qua trinh ny khong chi 1am thay d&i phan bd van téc ma con c6 thé
tai cAu triic trudng xody va truong bién dang trong viing gin day, tit d6 anh hudng truc tiép dén co ché
truyén dong luong va tiéu hao ning lugng. Tuy nhién, cho dén nay, mbi lién hé dinh lugng giita hinh
hoc nham dang ling tru tam gidc vudng vé6i dic trung trudng van tdc, ciu triic xody va tensor bién
dang trong nudc nhay hoan chinh van chua dudc 1am 6 mot cach hé thong. Cu thé, trong nghién cifu
Ty, T. C., va cs. [25] m&i chi yéu diing lai & viéc mo ta cac dic trung tng thé ctia dong chay, trong
khi cdc co ché dong luc hoc chi phdi trong viing dong chdy sat d4y, khu vuc c6 vai trd quyét dinh dbi
véi ing sudt cat va 6n dinh thiy Ivc vin chua dugc phén tich day d.

Tit nhitng phén tich trén c6 thé thiy ring, khoang trong nghién ctiu hién nay khong chi nam & viéc
thiéu dif liéu, ma quan trong hon 1a thiéu mot cach tiép cén tich hop giita trudng van tde - ciu triic
xody - trudng bién dang d€ giai thich co ché dong luc hoc clia nudc nhdy trén nén nham c6 hinh hoc
x4c dinh. Trong bdi canh d6, nghién cifu nay tip trung phan tich dic trung trudng van téc clia nudc
nhay hoan chinh trén nén nhdm ling tru tam gidc vudng thong qua bo dit liéu gdbm 210 md phéng sb
da dugc kiém ching tit Ty, T. C., va cs. [25] véi s6 Froude 4,8 > Fr; > 9,4. Céc dai lugng bao gdm
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trudng van tdc trung binh, phan bd xody trén mit phang doc dong chay, tensor bién dang ddi xing va
ting suit kéo sat ddy dudc khai thac dong thdi nhiam l1am 16 co ché truyén dong lugng va td chiic dong
chdy trong viing nudc nhdy. Pong thoi, mbi tuong quan gitta ing suit ddy va cAu hinh nhdm dugc
phén tich d€ danh gia miic d6 &n dinh ctia co ché tiéu ning. Két qua nghién ciu ky vong gép phin
xay dung mot cdch nhin hé thdng hon vé dong Iuc hoc nudc nhdy trén nén nhdm nhan tao, 1am o vai
trd clia cAu triic xody va trudng bién dang trong diéu chinh dong chay rdi, qua d6 cung cip co sé khoa
hoc tin cy cho viéc thiét ké va t6i uu héa bé tiéu ning trong thuc tién.
2. Dt liéu va phuong phap nghién ciru
2.1. Chudn bi dit liéu cho vdn dé nghién ciiu

Dé thuc hién phan tich chuyén sau vé dic trung trudng van toc clia nuc nhay hoan chinh trén nén
nham ling tru tam gidc vudng, nghién cifu nay ké thira bo di liéu gdm 210 trusng hgp md phong sb
da dugc ki€ém chiing va cong bd trudc d6 bdi Ty, T. C. va cong su [25]. S0 dd mo phdng nudc nhay
trén nén nham cung cac céu hinh hinh hoc day dudc trinh bay tai Hinh 1(a) va Hinh 1(b).
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Hinh 1. S0 d6 nudc nhay hoan chinh trén nén nhdm va ddy nhdm nghién ctiu [25]

Cic diéu kién bién dugc thiét 1ap nham bao phii mién nudc nhay hoan chinh trong kénh hd/bé tiéu
ning, véi do su dong chdy xiét dau vao trong khodng 1,5 cm < y; < 3,0 cm va s Froude tuong ung
4,8 < Fry < 9,4. V6i cac diéu kién nay, do sau lién hop sau nudc nhdy y, bién thién tir 7,2 cm dén
31,6 cm, trong khi chiéu dai nu6c nhdy L; dao dong trong khoang 0,27 m dén 1,25 m [25]. Hai tham
s6 dic trung y, va L; dugc sit dung d€ xdc dinh pham vi phan tich, ddm bio tap trung lam rd sy bién
ddi clia truong van tdc va phan bd ting suét kéo st ddy trén nén nhdm, cling nhu danh gia vai trd clia
chiing trong co ché tiéu hao ning lugng.

Cac mo phong sb trong [25] dudc thuc hién bing phan mém Flow-3D, giai hé phuong trinh chi
phdi bao gdm phuong trinh lién tuc va phuong trinh dong luong, két hop v6i md hinh réi RNG k—e.
Ludi tinh toan dugc thiét 1ap véi kich thude min 2,5 mm trong viing gan ddy nhidm nham dam bao do
phén giai cac cAu triic dong chay cuc bo, va 5,0 mm cho phan con lai cia mién tinh. Piéu kién bién
thuong luu duge xac dinh bdi do siu va van tde dong chdy xiét, trong khi diéu kién bién ha luu dugc
hiéu chinh theo phuong phép thit dan dé€ dam bao su hinh thanh va phat trién 6n dinh ctia nuéc nhay
trong mién tinh ton.

Do tin ciy ctia mo6 hinh da dugc kiém chiing thong qua hai budc: (i) phén tich doc 1ap 1udi nham
dam bao tinh hoi tu ctia nghiém sb, va (ii) so sanh két qua md phong véi s6 liéu thuc nghiém tir tai
liéu [22]. Két qua cho thiy sai s6 gilta mo phong va thuc nghiém nhd, khoang 5%, dong thdi bién
dang phan bd van tdc dong chii khong thit nguyén thé hién su phu hop tét véi dit lieu do dac. Piéu nay
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khéang dinh kha ning ctia bo dit liéu md phdng trong viéc phan anh chinh xic céu tric trudng dong
chdy, 1am cd s4 tin cdy cho cac phén tich chuyén sau trong nghién citu nay.
2.2. Phuong phdp nghién ciiu

Trén cd s6 bd dit liéu md phdng da dugc kiém ching, nghién ctiu tién hanh hau xi 1y chi tiét (CFD
post-processing) d6i véi toan bd 210 trudng hdp [25] nham khai thic siu céc dic trung dong luc cia
truong dong trong viing nuéc nhay. Phan mém Flow-3D [32] dudc sit dung dé trich xuit cic dai luong
thily dong luc hoc quan trong, bao gdm: trudng van tdc trung binh, phan bd xody theo phuong ngang
(wy) va cudng do bién dang trugt (shear strain rate magnitude) trong khu vuc gan ddy nham. Di liéu
trudng dong sau khi trich xuét dugc xi 1y va truc quan héa bang cong cu Tecplot 360 EX (version
2022R2) d€ xiy dung phan bd vén toc trén cdc mit cit ngang kénh, dudng dong trong mién nghién
ctiu.

Cic bién dang van tdc dong chii va quan hé chuin héa dudc thé hién va phan tich bang phan mém
OriginPro 9 nhim lam 16 su phat trién 16p dong cit va bién ddi ciu triic 16p bién trong khu vuc nudc
nhay. Pong thdi, phan mém IBM SPSS Statistics 20 dudc sit dung dé thuc hién phan tich hdi quy
va xay dung cdc quan hé thuc nghiém gilta van téc cuc dai, chiéu day 16p bién va toa do khong thi
nguyén doc theo chiéu dai nudc nhdy. Viéc két hop cac cong cu tinh toan, xt 1y dif liéu va phan tich
théng ké cho phép danh gid mdt cach hé thdng va dinh lugng co ché bién d6i trudng van tdc ciing nhu
ting suit ddy trén nén nham ling tru tam gidc vuong.

3. Két qua va thao luén
3.1. Ddc trung truong van téc dong chii trong khu vic nuwdc nhdy

Trudng van téc dong chi 1a mot trong nhiing dic trung thiy luc cbt 16i, chi phdi truc tiép ciu triic
dong Iuc va co ché tiéu hao ning luong trong nudc nhay, ca trong trudng hop ddy tron va trén nén
nham nhan tao. Khi c4c phan t nham dudc bd tri trong khu viic nuée nhay hoan chinh, ching giy ra
nhiing bién ddi dang ké dbi véi cau tric 16p dong cat chinh, din dén sy thay ddi dong thdi clia bién
dang phan bd van téc theo phuong ding, vi tri va gia tri van toc cuc dai, cling nhu huéng chuyén dong
cuc bd cta dong chay.
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Hinh 2. Minh hoa cic dic trung bién dang van tbc dong chi nu6c nhay

Su tuong tac gitta dong chd va hinh hoc nham lam gia ting gradient van tbc trong viing gan ddy,
dong thoi thiic ddy qud trinh tdi phan bd dong lugng trong toan bo viing nude cudn xody. Nhiing bién
ddi nay phan 4nh sy diéu chinh cAu tric dong chdy rdi dudi tac dong ctia nén nham va déng vai tro
quan trong trong viéc chi phdi hiéu qua tiéu ning.

Nham lam 16 céc dic trung trén, nghién ciiu tién hanh phan tich chi tiét trusng van téc dong chi
dua trén bo dit liéu md phong s6 da dugc hau xit ly. Cac ndi dung phan tich bao gdm bién dang van
tdc chudn héa theo chiéu sau va sy phat trién cla 16p bién doc theo chiéu dai nudc nhdy. So dd phan
tich phan bd van tdc trong nudc nhiy hoan chinh trén nén nhdm ling tru tam gidc vudng dudc trinh
bay & hinh dudi, 1am co s& cho cdc danh gia va thdo luan tiép theo.
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Phan bb phd mau biéu dién do 16n trudng van toc tuong ing vdi bén cau hinh ddy nham dién hinh
dugc trinh bay tai Hinh 3(a), Hinh 4(a), Hinh 5(a) va Hinh 6(a). Két qua cho thiy cu triic truong dong
trong khu vuc nudc nhdy c6 thé duge phan chia thanh ba viing dic trung: (i) ving dong chii ¢6 van
téc 16n tap trung & 16i dong, (ii) viing cudn xody phia trén véi sy hién dién ctia dong chdy dio chiéu
va cAu triic r6i phat trién manh, va (iii) viing tuong tic sit day nhdm, noi gradient van tbc tip trung
cao do anh hudng truc tiép ctia hinh hoc bé miit.
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(b) Pudng dong va bién dang van tbc ngang
Hinh 4. Phan b van toc va duong dong v6i ddy nham M_II8 (No. 83)
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Hinh 5. Phan b6 van téc va dudng dong ddy nham M_III8 (No. 128)
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(b) Pudng dong va bién dang van toc ngang

Hinh 6. Phan b6 van toc va dutng dong véi didy nham M_IVS (No. 188)

Dong chii dudc gi6i han gitta 16p cudn xody phia trén va viing chiu tic dong clia nén nhdm phia
dudi, thé hién rd vai trd trung gian trong qud trinh truyén dong luong. Trong pham vi chiéu dai hitu
han ctia nu6c nhay, van toc dong chii suy gidm nhanh theo phucng dong chdy do qua trinh trao ddi
dong luong manh véi viing xody va tiéu hao ning lugng rdi.

Ngoai ra, két qua mo phéng phan anh ré qué trinh chuyén tiép dién hinh ctia nudc nhay, tir trang
thai dong chay xiét & thuong Iuu véi vén tde 16n va do sau nho sang trang thdi dong chdy ém & ha luu
véi van téc gidm dang ké va do sau ting 1én. Su phu hop nay cho thdy bo dif liéu md phong c6 kha
ning tai hién hop 1y ciu tric thiy luc clia nudc nhay, qua d6 ddm bao do tin ciy cho cc phan tich tiép

theo.

DE 1am 16 hon su bién ddi bién dang vén tc theo phuong diing tai cac mit cat trudc, trong va sau
nudc nhay, cac mit cat van toc va dudng dong dudc trich xult va truc quan héa biang cong cu Tecplot
nhu thé hién tai Hinh 3(b), Hinh 4(b), Hinh 5(b) va Hinh 6(b). Phan tich ny cho phép nhan dién 1o
rang pham vi viing cudn xody, dong chi. Pong thdi xdc dinh vi tri két thic chiéu dai nudc nhdy L;
trén co s& ciu tric trudng dong trén kénh. Cac hinh anh cling minh hoa truc quan qua trinh suy giam
nhanh van tbc trong ving nuéc nhay va su thiét 1ap lai trang thdi dong chiy ém & ha luu nhu cic két
qua nghién ctiu thyc nghiém truéc diy vé nue nhay dn dinh, tu do.
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Hinh 7. Bién dang vén téc dong chd khu nu6c nhay ddy nham M_I8 (No. 38)

Pé lam 16 su bién ddi ctia bién dang vén téc dong chi trong khu viic nudc nhay, cdc mit cat ngang
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dién hinh dugc lua chon tai cac vi tri khong thd nguyén x/L ;i =0,2;0,4 va 0,6 (vi tri thé hién trén
Hinh 2). Cac Hinh 7(a), Hinh 8(a), Hinh 9(a) va Hinh 10(a) trinh bay chi tiét bién dang van tdc theo
phuong ding (thay d6i theo do sau) dbi v6i bén mo hinh ddy nham dudi cing diéu kién dong chay
Fr| = 6,7 va do sau dong chay xiét y; = 2,0 cm.
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(a) Bién dang van tbc dong chi (b) Bién dang van toc di chuin héa

Hinh 9. Bién dang van toc dong chii khu nuée nhiy day nham M_III8 (No. 128)

Két qué cho thiy sy suy giam vén toc dién ra manh mé doc theo chiéu dai nudc nhdy. Tai vi tri
x/Lj = 0,2, anh hudng cta dong chdy xiét van chiém wu thé, thé hién qua bién dang van tdc hep va
nhon theo phuong ditng v6i van toc cuc dai (Vinax) Xap xi 2,6 m/s. Khi tién gan vé ha luu (x/L ;i =0,6),
van toc cuc dai giam dang k& xubng khoang 1,0 m/s, dong thdi bién dang van téc dugc mé rong theo
phuong diing, cho thiy viing van tbc 16n c6 xu huéng dich chuyén xa ddy nham hon do qua trinh trao
ddi dong luong va tiéu hao ning ludng trong viing cudn xoay.

Nghién ciiu da thuc hién viéc chuin héa bién dang vén téc dong chi dua vé quan hé khong thif
nguyén gitta hai tham s& v/viax va y/b d€ danh gia dinh lugng su thay ddi trudng vén toc ctia dong
chii v6i cac md hinh ddy nham nghién ctu. Nhin chung vé dic diém hinh hoc bién dang vén téc chuin
héa & cdc mit cit véi cédc vi tri x/L; nghién ctiu ¢6 xu hudng khd tuong dong gitta cac chu hinh nhdm
nhu thé hién trén cac Hinh 7(b), Hinh 8(b), Hinh 9(b) va Hinh 10(b). Tuy nhién, khi so sanh véi trudng

153



Ty, T. C. / Tap chi Khoa hoc Céng nghé Xay dung

0.14 20
+ No. 188 (x/LJZO,Z) 4 No. 188 (foj= 0,2)
0.12 o No. 188 (x/L;=0,4) . o No. 188 (x/L,; = 0.4)
No. 188 (x/L, = 0,6) lele s o No. 188 (x/L, = 0,6)
0.10 - g x % Nudc nhay déy nhin
_ .
* *
— . %,
E (o8] o 121 o,
- = .k
. =, Vog
0.06 - . o5 .
84 o 4y
* * e
004 ® *ie ey
¢« e, 2%,
Vinax * B 0.4 4 TL.om
0.02 4 vm;‘.s o . ) 3_:: b
e ° ¢ * * ° ¥ Lad -
0.00 T T ™ < T 0.0 ; ¢ o ’ " e wxt *I
00 05 10 L5 20 25 30 00 02 04 06 08 10 12
v (m/s) V/ Vinax

(a) Bién dang van téc dong chii (b) Bién dang van tdc di chuin héa

Hinh 10. Bién dang van toc dong chii khu nudc nhdy ddy nham M_IV8 (No. 188)

hop ddy tron cho thiy su khac biét 16 rét. Cu thé, xuat hién ving (I) noi bién dang vén tc bi nén theo
phuong ding tai ranh gidi gifta viing cudn xody mit thoang véi dong chd va khu vuc gan day nham,
trong khi viing (IT) trén 16p bién ctia dong chii c6 xu hudng bi kéo gian, 1am cho vi tri van tc cuc dai
(Vmax) dich chuyén xa ddy hon va chiéu day 16p bién ¢ ting ddng k€. Nhitng bién d6i nay phan dnh tac
dong 16 rét cia hinh hoc nhdm dén céu tric phan bd van tdc trong nudc nhay hoan chinh (minh hoa
trén Hinh 8(b)).

Céc bién dang van tc dong chi sau khi chuin héa d6i véi tiing ciu hinh ddy nham dudc tdng hop
va trinh bay chi tiét trén Hinh 11. Két qué cho thiy, trong toan bo dai sé Froude khao sét (4,8 < Fry <
9,4), hinh dang cdc dudng cong v/vimax theo y/b c¢6 miic d6 tuong dong cao, phan 4nh tinh &n dinh
ctia cAu triic phan bd van tdc khi chiu tic dong ctia hinh hoc nham. Pang chi y, chiéu day 16p bién
khong thi nguyén 6/b d6i véi nén nham dat xAp xi 0,45, 16n hon dang ké so véi trudng hop ddy tron
khoang 0,16 [16]. Su gia ting dang k& chiéu day 16p bién nay cho thiy nén nham lam ting cudng trao
ddi dong lugng gan ddy va thic ddy qua trinh tiéu hao ning lugng trong ving nudc nhay, dong thoi
lam suy giam rd rét gradient van tc theo phuong diing so v6i ciu hinh day tron.

Két qua phan tich trudng van tdc cho thiy doc theo chiéu dai nudc nhay L j» Van téc cuc dai viax
suy giam ro rét, trong khi chiéu day 16p bién ¢ gia ting ddng ké. Xu thé trai chiéu nay phan anh qua
trinh tdi phan b dong lugng va tiéu hao ning luong dién ra manh mé trong viing nudc nhay trén nén
nham. Nhim dinh lugng quy luat bién ddi ctia hai tham s6 dic trung nay va cung cip cd sé phuc vu
thiét k& bé tiéu niing, nghién ctiu tién hanh thiét 1ap mdi quan hé giita cdc dai lugng khong thi nguyén
Vmax/V1 Va 8/y; theo bién x/y; (vi tri mit cit thé hién trén Hinh 2). Trong pham vi khao sat, van toc
dau vao vy dao dong tir 1,84 dén 5,11 m/s, trong khi van tbc dong chdy ém ha luu v, nam trong khoang
0,35 dén 0,57 m/s.

Két qua thé hién trén Hinh 12 cho thiy tham s6 vy /v giam theo chiéu ting ctia x/y; v6i miic
do tuong quan rét cao (R* = 0,981), cho thiy quy ludt suy gidm van téc cuc dai c¢6 tinh 6n dinh va
nhit quan. Ngudc lai, tham s 6/y; ¢6 mic do phén tan hon theo bién x/y; (R* = 0,816), phan 4nh
su nhay cam ctia qu4 trinh phat trién 16p bién ddi vé6i cau triic rdi va hinh hoc nhdm. Mic du mic do
tuong quan khéc nhau, c4 hai quan hé déu théng nhit vé y nghia thiy luc: khi ty 1& x/y; ting, vén tbc
cuc dai suy gidm trong khi chiéu day 16p bién gia ting. C4c quan hé dinh lugng tuong ting dugc thiét
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2
5
2 0728 - 0,082% +0.,0069 (1) . R®=02816 )

Y1 M »

Két qua phan tich cho thiy ciu triic dong chii trong nudc nhay trén nén nham khac biét rd rét so
véi trudng hop ddy tron. Su hién dién cla cac phan tif nhdm ling tru tam gidc vudng lam gia ting
gradient van tdc cuc bd va gay ra hién tuong tich dong - tai bim phia sau dinh nham, tir d6 hinh thanh
cdc viing xody sit day. Hé qua 1a van tdc trong viing gan ddy suy gidm dang ké so vdi 16i dong chi,
ddng thsi qua trinh trao d6i dong luong theo phuong diing dudc ting cudng. Co ché nay thiic ddy su
phét trién nhanh ctia 16p bién rdi ¢ trong pham vi nuéc nhay, phit hgp véi xu thé gia ting 6/y; da dugc
dinh luong theo bién x/y;.

Khi chuin héa dudi dang v/vpax, céc bién dang van toc cho thiy vi tri van tdc cuc dai dich chuyén
xa ddy hon so v6i trudng hop nén tron, phan 4nh su tai phan bd ning lugng tir 16p can ddy 1én ving
dong chii. Dong thdi, hinh dang dudng cong vén toc trd nén phi tuyén rd rét va khong con tuan theo
dang logarit dic trung ctia nudc nhay trén ddy tron. Nhiing bién ddi nay khang dinh vai tro chi phdi
ctia hinh hoc nham trong viéc tai cAu tric trudng vén toc va ting cudng tiéu hao ning lugng trong
nuéc nhay hoan chinh.

Su gia ting gradient van toc theo phuong ding (0u/0z) déng vai trd 1a ngudn sinh xody trong
truong dong chay, do trong bai todn hai chiéu, thanh phan xody theo phuong oy (wy) phu thudc truc
tiép vao cac gradient van tbc, trong d6 du/dz chi phdi o rét trong ving cin ddy va tai cac khu vuc
bién d6i hinh hoc dot ngot.

3.2. Ddc trung vdn toc dong chdy khu vuc gan ddy nhdm

Trudng van téc khu vuc gan ddy nham dudc xem xét, phan tich va danh gi thong qua phan tich
phan bd thanh phan xody theo phuong Oy (Oy-vorticity) trong mit phiang Oxz. Pdi v6i bai toan hai
chiéu, xody dudc x4c dinh bdi biéu thiic (3):

ou Oow
Wy = a—z - a (3)
trong d6 u va w 1an lugt 1a van toc theo phuong doc dong chdy (0x) va phuong thang ding (0z). Pai
lugng wy phén dnh truc tiép cudng do quay cuc bd clia phan ti chét 16ng do céc gradient van toc gy
ra, dong thdi 1a chi bdo quan trong vé su phat trién ctia 16p dong cat (shear layer) trong dong chay,
hién tuong tich dong va ciu triic xody trong ving nudc nhay.

Khi phan tich duéi géc d6 phan bd xody va quan hé véi bién dang van toc theo phuong diing (xem
Hinh 11, Hinh 13) cho thy su khac biét ban chat vé cAu tric dong luc gilta nudc nhdy trén day tron
va ddy nham ling tru tam gidc vuong. Trén ddy tron, cAu tric nude nhay dién hinh dugc dic trung bsi
mot cudn xody quy mo 16n v6i xody mang gia tri &m (w, < 0) chiém uvu thé gan nhu toan bd ving 16i
nuéc nhay. CAu tric nay thé hién rd trong viing dau nudc nhay, noi gradient van toc theo phuong diing
dat gid tri 16n nhit va quyét dinh phan 16n co ché tiéu hao ning lugng.

Ngudc lai, khi xuit hién ddy nhdm dang ling tru tam gidc vudng, ciu triic van téc va xody thay
d6i dang ké. Trén cac dinh md nham va mit nghiéng ling tru tam gidc vudng, dong chay bi ép ting
téc cuc bo, 1am xuit hién viing gradient van toc duong (du/dz > 0) sat ddy. Hé qué 1 hinh thanh céc
xody mang gid tri duong (w, > 0) v6i cudng do tuong dbi 16n, phan bd doc theo ddy nham trong pham
vi chiéu dai nu6c nhdy. Nhu vay, khic véi ddy tron chi ton tai mot hé xody Am quy mo 16n, ddy nham
tao ra cAu triic xody da cuc gdm cic xody Am ctia cudn xody chinh va cdc xody duong cuc bd phia dudi
gan day nham (xem Hinh 13). Sy dong ton tai clia hai viing xody trai diu lam bién dang bién dang van
tdc theo phuong diing duge minh chiing trén c4c Hinh 7(b), Hinh 8(b), Hinh 9(b) va Hinh 10(b), qua
d6 phan 4nh su phc tap gia ting ctia cic 16p cit (shear layer) trong ving nudc nhay.
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Hinh 13. Mtic do phan bd xody ctia chit 16ng trong mit phing Oxz véi ciac md hinh ddy nham
nghién ctu dién hinh

Két qué phan bd xody trén mit phang Oxz cho thiy viing ¢ cudng do xody (wy > 0) 16n nhit tap
trung chd yéu sat ddy nham, dic biét tai khu vuc dinh ling tru va ngay phia ha luu méi phan td nham.
Gia tri cuc dai cia wy dat khoang 40 dén 50 s~! trong doan diu ctia nudc nhay (xem Hinh 13). Day
12 miic xody rat cao, phin 4nh gradient van tdc cuc bd manh trong 16p sat ddy, cho thiy ddy nham da
gdy ra su tai phan b6 dong lugng gan nhu hoan toan trong mot 16p dong chay rit mong sat ddy. Diéu
nay khang dinh vai tro chii dong ctia ddy nham trong viéc diéu chinh ciu tric trudng van toc, thay vi
chi 1am ting ma sat thuan tdy.

Phan bd xody doc theo ddy thé hién ro su xen ké giita cdc viing xody ducng va xody 4m nhd tuong
ting véi tiing dic diém hinh hoc ctia nén nham (xem Hinh 13(b)). Khi dong chéy ting tdc trén miit
nghiéng phia thugng Iuu cia md nham (Hinh 13(a)), gradient vén tdc ding ting manh, tao nén ving
xody duong. Tai canh vudng phia ha luu md nhdm (Hinh 13(b)), dong bi tach dot ngot, hinh thanh
viing xody 4m nhé do sy phat trién cta dong hdi luu cuc bo. Qua trinh tai bam phia sau tiép tuc lam
tdng cudng cudng do quay, tao nén chudi xody luan phién doc theo ddy. Co ché nay cho thiy mbi phan
t nham hoat dong nhu mot “bod sinh xody cudng biic”, lién tuc tao ra cic cu tric xody nho c6 tinh
chu ky.

So sanh két qua phan b xody giita c4c trudng hop mo phdng cho thiy khi bb tri cic phan tif nham
c6 canh géc vudng & phia thugng luu (mo hinh ddy M_I va M_III), pham vi phan bd xody duong mé
rong va cudng do xody Am clia cudn xody chinh c6 xu huéng gidm dan nhu thé hién trén Hinh 13(a)
va Hinh 13(c). Piéu nay ham y ring ning lugng khong con tap trung chii yéu trong mot ciu triic xody
16n ma dugc phan tén thanh nhiéu ciu tric nho hon, 1am ting hiéu qua xdo tron rdi va phan tdn dong
nang trong khu vuc nude nhay. Ngudc lai v6i day M_II va M_IV thi cudng d6 xody 4m clia cudn xody
chinh dudc duy duy tri § mic do 16n hon, phan bé xody duong nhd hon véi day M_I va M_III, dan t6i
hiéu qua tiéu ning nho hon va chiéu dai nudc nhay 16n hon.

Téng hop lai, phan tich dua trén phan bd xody va bién dang van toc da chiing minh ring hinh hoc
ddy nham 1am thay ddi ciin ban ciu tric dong luc ctia nudc nhay. Trong khi ddy tron dic trung bdi mot
hé xody am don cuc do gradient van téc Am chi phdi, ddy nham tao ra hé xody ludng cuc véi cic viing
xody duong cudng do cao trén dinh nham. Su ddo diu cuc bd ciia gradient van tdc theo phuong diing
1a bang chiing truc tiép cho thiy ddy nhdm khong chi ting cudng ma sit ma con tdi to chiic trudng
dong chdy. Két qua nay c6 y nghia quan trong trong thiét ké cong trinh tiéu ning, dic biét trong viéc
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t6i uu héa hinh hoc nham nham kiém soét ciu triic xody va nang cao hiéu qué tiéu hao ning lugng
trong vung ha luu cong trinh ti€u nang.

VE co ché, cic xody duong cuc bd hinh thanh sit ddy nham khong chi phét sinh tif gradient van
téc theo phuong diing (Ou/dz) do qua trinh ting tdc cuc bo va tich dong - tii bam, ma con déng vai
trd duy tri va khuéch dai cdc 16p cit trong ving can ddy. Su tuong tic gilta cic xody ducng nay véi
cudn xody 4m quy mo 1én tao nén cu triic 16p cit phiic hop, trong d6 gradient du/dz dude ting cudng
va duy tri theo khong gian. Hé qua la trao d6i dong lugng theo phuong diing dudc ting cudng, lam
gia ting truc tiép thanh phan ng suét cat chi phbi (S ,.) trong 16p sat day. Mdi lién hé hai chiéu giita
cAu triic xody va 16p cat nay la co s& vat Iy d€ phan tich dinh lugng phan bd ting suét kéo ddy trong
muc tiép theo.

3.3. Ddc trung iing sudt kéo ddy trén ddy nhdm

Viéc bd tri cic ddy nham 1am gia ting dng suit kéo trén ddy nhadm dan t6i 1am giam do sau lién
hop sau nudc nhdy va chiéu dai nudc nhdy [25]. Ldp ting suit kéo phat trién dong thdi tai hai khu vuc:
khu vuc bién ranh gi6i giita viing nudc cudn xody va dong chii (khu viic nay khé gidng véi trudng hop
nudc nhdy trén ddy tron); hai 12 trén dinh céc phan ti nhdm. Trong d6 16p ting suit kéo phat trién gan
ddy nham 1a yéu td quan trong anh hudng t6i viéc thay ddi hay tiéu tan ning lugng trong bé tiéu ning.
Dic trung dng suét kéo ddy trén cdc cAu hinh ddy nhim dudc xéc dinh dua trén tensor bién dang dbi
xting, cudng do bién dang (strain rate magnitude), ky hiéu |S|, dugc xdc dinh tif tensor bién dang d6i

xung:
1= 25,5855 Sifzi(a_xf@_ﬂ) ’

Trong bai todn nudc nhay hai chiéu (mit phing oxz), cic thanh phan chi phdi truong bién dang
gan ddy 14 S ., S« va S_.. Tuy nhién, trong 16p sat d4y, thanh phan quyét dinh ting suit kéo dong luc
hoc 1a S, (xem biéu thiic 5). Do d6, phan bd |S| trén ddy nham phan anh truc tiép cudng do gradient
van tdc tiép tuyén va mifc do trao ddi dong luong giita dong chi va bé mit cong trinh.

S :1(@+6w) (5)

Dé 1am rd phan bd ting suat kéo khu vuc gan ddy nham. Tt Hinh 14, vé tdng thé nhan thiy phan
bd phd gid tri ing suét kéo day khong dong nhét theo khong gian va bién thién manh theo vi tri tuong
ting véi dinh va hom (héc) gitta cdc phan tif nham. Gid tri Ung suét dat gid tri cao nhét tai khu vuc
dinh nham xp xi 45-50 s~!, didu nay ham ¥ riing thanh phan du/dz dat gia tri rit 16n do dong chay
bi gia toc cudng biic khi trugt qua mit nghiéng ctia ling tru tam gidc.

Su chénh 1éch van téc manh giita I6p dong chi phia trén va 16p st ddy tao nén gradient thing
ding 16n, 1am S ., ting manh. Trong cdc hom nham gitta hai phan ti lién tiép, gid tri |S| gidm xudng
dudi 10-12 s~'. O ving nay, dong chay tich 16p va hinh thanh xody hdi luu 6n dinh, vén téc trung
binh gidm dadng k€ va cic gradient du/dz ciing nhu dw/dx déu nhd. Do d6, hdc nham dong vai tro
vung dém dong ludng, noi bién dang cit yéu va tiéu hao ning ludng cuc bd thap. Nhu véy, hinh hoc
nham tao ra hé nhiéu viing bién dang cit cudng do cao sat ddy, thiic ddy trao ddi dong lugng manh
hon va lam ting ddng k€ kha niing tiéu hao ning lugng clia nuéc nhay.

Tuong quan vé su gia ting clia Ung suét day ddi véi cdc md hinh nén nham dudc bi€u thi thong
qua tham sb &7 [25]. Két qué nghién cttu tir nhém téc gid Ty va cs. [25] da danh gia sy thay ddi clia s6
gr voi s6 Fry va dic di€ém hinh hoc ctia phan ti nham (¢/y;, Ly/y;) nhung chua lam sang to su khéc
biét giita cic md hinh ddy nham véi nhau. Do d6, nghién ctiu niy thuc hién phan loai bén mo6 hinh

158



Ty, T. C. / Tap chi Khoa hoc Céng nghé Xay dung

0.0 125 25.0 375 50.0 125 25.0 375 50.0
(1/s)

0.0
L W __ || N T )

(a) Ddy nham M_I8 (No. 38) (b) Py nham M_II8 (No. 83)
0.0 125 25.0 375 50.0 0.0 125 25.0 375 50.0
I 0 [ o [ | | ol ()

0.24

m) o0 03 06 09 12 15

(c) Pdy nham M_ III8 (No. 128) (d) Pay nhim M_ IV8 (No. 188)
Hinh 14. Phan b6 16p ting suét kéo véi cac md hinh ddy nham, trudng hop Fr; = 6,7 viy; = 2,0 cm

ddy nhdm (M_I, M_II, M_III va M_IV) thanh tling ciip d€ so sanh véi nhau dya trén su bd tri lién tuc
(ddy nham M_I va M_II) va khong lién tuc (ddy nham M_III vd M_IV) ctia c4c phan tif nham trén
day nham.

Trong cdp so sanh gitta ddy M_I va M_II nhu Hinh 15(a), gia tri £ dao dong trong khoang tur 10
dén 50. Phan 16n cac diém nam trong bién do + 10%, tuy nhién mic phan tan ting ro rét khi & > 35.
Diéu nay cho thiy khi cudng do rdi sat day dat gid tri cao, anh hudng ctia hinh hoc nham tré nén nhay
cam hon m6 hinh ddy nhdm M_I cho hé s0 & cao hon md hinh M_II, diéu nay phu hop véi cic phan
tich vé xody va ting sudt ddy nham & trén. O ving &7 thip < 20, sy tuong quan gin nhu tuyén tinh,
phén dnh co ché san sinh 16p cét (shear layer) chinh chi phdi tuong tu & ca hai mo hinh.

Péi v6i cip M_III va M_IV (Hinh 15(b)), phan bd diém dit liéu tip trung hon quanh dudng
gr(M_II) = g¢(M_IV), véi sai léch + 10% nho va can ddi hai phia. Piéu nay cho thiy hai cAu hinh
nhdm ndy tao ra trudng tng sudt ddy c6 mic do tuong dong cao hon, dic biét § mién & trung binh
tir 20 dén 40. Xu hudng tuyén tinh manh phan 4nh su 6n dinh cta céu triic dong tai bam va phan b
xody thif cip trén hai md hinh ddy nham.
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Hinh 15. Tuong quan hé s6 luc cit ddy nham (g) gilta cdc md hinh nén nham
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Cic phén tich xody trudc d6 da chi ra rang day nham ling tru tam gidc vudng tao ra hai hé xody
dic trung bao gdm xody 4m va xody duong. Su xuit hién xody ducng 1a diém khéc biét cin ban so véi
ddy tron, noi gan nhu chi ton tai xody am lién tuc do gradient vén tdc thang ding. Tai cac vi tri dinh
nham, xody duong lam ting manh gradient vén tdc theo phucng thang ding. Tit d6 1am gia ting ting
suit kéo sat ddy. Khi ciu tric xody thi cip phat trién manh va dao dong, gid tri £y trd nén nhay cam
v6i hinh hoc ddy nhdm, din dén phan tan 16n hon trong dd thi tuong quan (trudng hop day M_I va
M_II). Ngudc lai, néu ciu tric xody duong 6n dinh va phan bd déu theo chudi phan tit nham (trudng
hop ddy M_III va M_IV), qu4 trinh tai bam dong dién ra dong déu, 1am cho trudng ing suat ddy giita
hai md hinh c6 quan hé tuyén tinh chit ché hon.

3.4. Thdo ludn vé y nghia thuc tién

Két qua phan tich trudng van tbc, ciu triic xody va ting suit kéo ddy cho thdy nén nhdm ling tru
tam gidc vuong khong chi 1am gia ting ma sat bé mit don thuan ma con tdi cAu triic co ché dong luc
clia nuc nhdy hoan chinh theo huéng ting cudng tidu hao ning luong sat ddy. Vé mit thuc tién, diéu
nay c6 y nghia quan trong dbi véi thiét ké bé tiéu ning va 6n dinh nén ha Iuu cong trinh x4 1.

Su xuét hién cic viing xody duong cuc bd tai dinh nhdm va viing tdi bam da lam gia ting gradient
van tc theo phuong thang diing (0u/dz), kéo theo su ting manh clia thanh phan bién dang trugt S ..
Két qua 1a cudng do bién dang sat ddy (ef) ting dang k€ so vdi trudng hgp ddy tron. Diéu nay ching
minh ring nén nhdm tam gidc vuong c6 kha ning thiic ddy truyén dong lugng tir 16i dong réi xubng
16p bién day hiéu qua hon, qua d6 lam tang tiéu hao nang lugng ngay trong vung nuéc nhay ma khong
cin gia ting chiéu dai bé tiéu ning.

Co ché “gia toc - tach dong - tdi bam” 1ip lai theo chudi phan tif nhdm tao nén nhiéu ving tiéu
hao niing lugng cuc bo thay vi phu thudc chii yéu vio mot cudn xody 16n nhu trong trudng hop day
tron. Vé mit thiét ké, diéu nay cho thiy viéc st dung nhdm tam gidc vudng c6 thé chuyén co ché tiéu
ning tif dang tap trung sang dang phan bd, lam giam nguy cd hinh thanh viing x6i cuc bd do tip trung
ting sut tai mot vi tri duy nhét. Ngoai ra, viéc ting cudng ting suat kéo ddy trong pham vi kiém sodt
con c6 y nghia tich cuc trong viéc giam ning lugng du truyén xudng ha luu, qua d6 gép phan han ché
x6i chan cong trinh. Tuy nhién, két qua ciing chi ra rang khi &y dat gid tri 16n 6 ving dinh nham, ting
suit cuc bo c6 thé ting manh, do d6 can xem xét dong thdi kha ning chdng x6i/chiu luc clia vt lidu
va két ciu day khi 4p dung giai phdp nay trong thuc té.

Téng hop lai, nén nham ling tru tam gidc vuodng khong chi 1a mot gii phdp ting ma sat ma 1a mot
cAu hinh c6 kha ning diéu chinh cAu tric dong luc ctia nudc nhiy thong qua tdi t§ chic trudng xody
va tensor bién dang st ddy. Piéu niy md ra huéng ing dung trong thiét ké bé tiéu ning theo nguyén
ly ting cudng tiéu hao phan bd va kiém sodt ing suit ddy mot cach chii dong, thay vi chi dua vao kéo
dai chiéu dai bé hoic ting cao trinh ddy nhu cdc giai phap nu6c nhay truyén thong.

4. Két luan

Nghién cifu da lam rd dic trung trudng van tde va cd ché dong luc hoc clia nuée nhay hoan chinh
trén nén nham ling tru tam gidc vuong thong qua phan tich dong thdi trudng van tbc trung binh, cAu
triic xody va ting suét kéo sat ddy. Trén co s& d6, mot s6 két luan chinh dudc riit ra nhu sau:

(i) Hinh hoc nham tam gidc vuong lam bién d6i ding ké ciu triic 16p dong cat chinh ctia nudc
nhay. Cu thé, viing cudn xody truyén thdng khong con duy tri dang lién tuc ma bi bién dang va phan
manh theo khong gian do tac dong clia cac phan tit nham. Hé qua 1a trudng van tdc khong con phan
bd don diéu theo chiéu sau, ma xuét hién cac ving gia téc va suy giam cuc bd gan lién vdi tiing budc
nham.

(i) Su xuét hién ddong thdi clia cic viing xody am trong 16p dong cit chinh va cdc xody dudng
cuc bo tai khu vuc dinh nham cho thay nén nham khong chi lam gia ting mifc d6 réi ma con téi o
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chiic céu triic xody theo khong gian. Céu triic xody niy dong vai trd trung gian trong qua trinh trao
ddi dong luong gitta 16i dong va 16p bién sat ddy, qua d6 chi phdi truc tiép co ché tiéu hao ning lugng
trong vung nudc nhay.

(iii) Phan tich tensor bién dang cho thiy thanh phan bién dang trugt S . chiém uu thé trong ving
dong chay gan ddy va la dai lugng chi phdi cudng do bién dang. Ung sut kéo sat ddy dat gia tri cuc
dai tai dinh nham va ving tdi bam, trong khi suy gidm rd rét trong cic vung tich dong. Pong thoi,
mbi tuong quan ting sut ddy gitta cic cAu hinh nhdm thé hién xu huéng tuyén tinh véi sai 1éch trong
khoang + 10%, cho thdy co ché dong luc hoc c6 tinh &n dinh va kha ning lip lai cao theo hinh hoc
nham. Két qua nay ham y ring, trong pham vi khéo sat, su thay d6i hinh hoc chii yéu anh hudng dén
cudng do cic dai lugng dong luc hoc, trong khi ban chét co ché dong chay van dudc duy tri.

Két qua nghién cifu c6 y nghia thuc tién quan trong, cung cip co sé khoa hoc cho cic k¥ su va
nha nghién ctiu trong viéc lua chon va tdi uu héa quy mo bé tiéu ning, ciing nhu xdc dinh pham vi
can thiét phai gia cudng két cAu ddy nham dam bao &n dinh thiy luc va an toan cong trinh. Viéc lam
1o dic trung trudng van tdc va phan bd ting suit sit ddy trén nén nhdm gép phan hd trg dinh huéng
thiét k& hop ly, dic biét trong cic diéu kién han ché vé mit bing hodc yéu cau tiéu ning cao.

Bén canh nhiing két qua dat dugc, nghién ctiu con tdn tai mot sd han ché can duge xem xét. Trude
hét, co s6 dit liéu chii yéu dua trén mo phdng sb va chua dude kiém ching ddy da bang thi nghiém
cho céc cAu hinh ddy nham tuong ting, do d6 dd tin ciy khi ngoai suy cho diéu kién thuc t& con bi gi6i
han. Pong thdi, cdc dic trung dong luc hoc quan trong ctia dong chay nhu mach dong van tdc, dao
dong ap suit va nguy co xam thuc chua dugc dua vao phan tich, trong khi day 1a cic yéu td c6 lién
quan truc tiép dén co ché tiéu hao niing luong va 6n dinh cong trinh. Ngoai ra, nghién ctiu méi chi xét
dén diéu kién dong chdy nuéc trong, chua phan anh diy dd anh hudng cta tai bun cat trong thuc té,
noi cic hdc nham c6 thé bi bodi 14p, 1am bién ddi ciu triic xody trong hc va suy giam hiéu qua tiéu
ning. Do d6, can tiép tuc cac nghién citu theo hudng két hop thi nghiém va mo phong, dong thai xét
dén tuong tic dong chdy mang bun cit, nham hoan thién co sd khoa hoc va nang cao kha ning ting
dung két qua vao thuc tién cong trinh.
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