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Panh gia hiéu qua cta 1ép vé bé téng ciu tric TPMS-Primitive trong viéc ting
cwong kha ndng chdng va x0 cho tru ciu bang phwong phap mo phong s6

Performance Evaluation of a TPMS-Primitive Structured Concrete Shell for
Enhancing the Impact Resistance of Bridge Piers by numerical simulation
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TOM TAT

Va cham tau la nguy co nghiém trong, c6 thé giy pha hiy gion cho tru ciu. Nghién ctru
nay str dung phwong phap mé phéng s hoc dé danh gia hiéu qua ctia 16p vé bao vé bing
bé tong c6 ciu tric Bé mit t6i thiu tuin hoan ba chiéu (TPMS) loai Primitive. Phan tich
so sanh phan &ng dong hoc cua hai treong hop: tru bé tong dac khong dwgc bao vé va
tru twong tw dwoc bao boc b&i vé TPMS-Primitive. Ca hai cdu kién déu sit dung mo hinh
vat liéu Bé tdng Pha hiy Déo Don gian (SCDP). K&t qua cho thiy 1¢p vo TPMS hoat dong
nhw mot hé thdng hy sinh hiéu qua, hdp thu khodng 80% ning lwong va cham thong qua
co ché sup do6 liy tién. Lép vo da chuyén d6i co ché pha hiy tir dang gion, tip trung sang
dang phan tan, c6 kiém soat, qua d6 bdo vé gan nhw nguyén ven tru 16i bén trong. Nghién
cttu chirng minh rang viéc cdu truc héa vat liéu gion nhuw bé tong thanh dang ciu triic
TPMS 12 mot hwéng di kha thi dé tao ra cic hé théng hip thu ning lwong hiéu suit cao.
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ABSTRACT

Vessel collision poses a significant threat of catastrophic brittle failure to bridge piers.
This study uses detailed numerical simulation to evaluate the effectiveness of a
protective concrete shell structured as a Triply Periodic Minimal Surface (TPMS) of the
Primitive type. The analysis compares the dynamic response of two cases: an
unprotected solid concrete pier and an identical pier encased in the TPMS-Primitive
shell. The Simplified Concrete Damage Plasticity (SCDP) material model was applied to
both components. Results show the TPMS shell acts as a highly effective sacrificial
system, absorbing approximately 80% of the impact energy via a progressive crushing
mechanism. The shell transformed the failure mode from brittle and localized to a
distributed, controlled collapse, leaving the inner core pier almost undamaged. This
research proves that structuring a brittle material like concrete into a TPMS
metamaterial architecture is a viable approach for creating high-performance energy
absorption systems.
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1. Gii thiéu

Cac cobng trinh thudc ha ting giao thong dwong
thuy, nhw tru cdu (vuwot song, vieot kénh), phai doi
mat véi nguy co thwdng tryc tir cac tai trong va x0.
Nhitng su kién va cham nay c6 kha nang gay ra hw
héng nghiém trong, tham chi din dén sup do két cau,
gay thiét hai to 16m vé Kinh té€ va con ngudi. Do do, viéc
nghién ctru va phat trién cac cong nghé bao vé chuyén
biét dé tang cwong kha ning chéng chiu va dap cho
cac két cdu nay la mét yéu ciu cip thiét. Trong lich st
nhiéu phwong phap gia cwong két cau da dwoc ap
dung dé giam thiéu cac tac dong ddng hoc, bao gom
viéc str dung twdmg chin, gia cwong bang polyme gia
cuong soi (FRPs), va cac 16p vo boc ngoai truyén
thong. Tuy nhién, cic phwong phap truyén thong nay
thwong di kém véi nhitng han ché dang ké, chang han
nhu trong lwong nang (dac biét doi vai vo boc thép),
nguy co &n mon, chi phi 13p dit cao, va nhu ciu vé
khong gian 1én [1], [2]. Do d6, cac nghién ctru gan day
dang chuyén trong tim sang phat trién cac vatliéu c6
kha ndng hdp thu niang lwong cao vatrong lwong
nhe dé tao ra cac hé théng bao vé hién dai [3], [4], [5]-

Cac vat liéu dwoc lay cam hirng tir ciu truc té bao
trong tw nhién [6], [7] d4 néi 1én nhw nhirng giai phap
day hira hen dé ché tao cac 1ép 16i hap thu ndng lwong
cho céc két ciu bao vé. Trong so nay, Triply Periodic
Minimal Surfaces (TPMS) 1amot16p ciu tric dac biét.
TPMS la cac vat liéu c6 cAu tric c6 thé biéu dién thong
qua cac phwong trinh toan hoc véibé mat tron va
dwoc két n6i mot cach lién tuc, tuin hoan. Cac ciu
trdc nay gitp cho vatliéu c6 nhirng tinh chdt méi nhw
tang tinh déo, dd bén cho vat liéu gion nhw bé tong
Vi ty 1é do bén trén trong lwgng vwrot trdi so véi cac
cu truc lwdi va té ong thong thwong [8], [9], [10]. Cac
cdu trac TPMS, dic biét la loai dang tdm nhw
Primitive, da dwoc chirng minh 1a cé do ctiing va do
bén cao hon cac dang mang lwéi dang khoi twong
dwong [8], [11]. Kha nang thiét ké linh hoat ctia TPMS
(nhw diéu chinh mit d6, do x6p) cho phép ching
dwoc t0i wu hda dé ting cwong kha nang hap thu
nang lwgng [9], [10].

Trudc day, viéc ché tao cac cau tric siéu vat liéu
phttc tap nhuw TPMS gip nhiéu thach thirc dang ké do
cac gi¢i han cia phwong phap san xuat truyén thong.
Tuy nhién, véi sw phat trién vrot bac ctia cong nghé
in 3D, cac ciu tric TPMS gir diy da co thé dwoc ché
tao mot cach dé dang va chinh xac hon rat nhiéu, mé
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ra tiém nang rng dung rong rii trong nghién ctru va
thuc té. Viéc 4p dung cic ciu truc TPMS da duoc
nghién cttu rong rai trong linh vuc y sinh, tng dung
hang khong vii try, va cic hé théng chdéng va
dap/chong no [8], [10]. Trong nganh xiy dung, cac
ciu tric TPMS da c6 mot s6 rng dung nhw 1a cot gia
cuong cho cac vat liéu composite xi mang/bé tong
nhe, nham cai thién do déo va cuwdmg d6 chiunén [12],
[13]. CAc nghién ctru trwdc day da chi ra rang viéc gia
c6 bang TPMS c6 thé ning cao dang ké kha ning chiu
tai va hdp thu nang lwong cia dim bé tong dwdi tai
trong dong [14]. Tuy nhién, ng dung truc ti€p cia
cac vt liéu c6 cau tric TPMS nhw mét giai phap 16p
v0 bao vé bén ngoai, dic biét dé gia cwong kha nang
chdng va x6 cho tru ciu bé tong cdt thép cii van con 1a
mot khoadng tréng can dwoc nghién ctiru.

Muc tiéu chinh ctia nghién ctru nay la dé xuit va
danh gia mot két cdu TPMS méi, dwoc str dung lam
16p vé ngoai gia cweong kha ndng chéng va x6 cho tru
cau cii. Trong nghién ctru nay, nhom tac gia da tién
hanh danh gia hiéu suit cia hé théng bao vé str dung
bé tdong cau tric TPMS-Primitive dwdi tai trong va x6
mo phdong. Két qua so sdnh cho thiy tru cau dwoc bao
vé thé hién kha nang ch6ng va x6 vuot trdi so véi tru
cau khong dwoc bao vé. Lép vo bé tong TPMS da hoat
déng nhr mot hé théng bao vé, hdp thu phin 16m
nang lwong va cham théng qua co ché sup do liy tién
c6 ki€ém soat, qua d6 bao vé an toan cho tru 16i bé tong
bén trong. Nghién ctru nay chirng minh tinh kha thi
cta viéc "cau tric hoa" mot vat liéu gion nhw bé tong
thanh dang TPMS, bién né thanh mot giai phap hiéu
sudt cao dé bao vé co s& ha ting quan trong khoi cac
tai trong cwc doan.

2. Ciu tric TPMS

TPMS hay Bé mit t6i thiéu tuin hoan ba chiéu la
mot cau tric co hai dac tinh chinh. “Bé mat tdi thi€u”
vé mat toan hoc dwoc dinh nghia la cac bé mat c¢6 do
cong trung binh bang khong tai moi diém trén bé mit,
gilp t6i wu hoa dién tich bé mat trong mat thé tich
nhat dinh. Pic tinh "Tuin hoan ba chiéu" c6 nghia la
cac ciu tric nay dwoc tao nén théng qua sw 1dp lai
tudn hoan ctia mot khéi hinh hoc co s&, dwoc goila 6
don vi theo cdc hwéng. Toan bo ciu tric vimo cta vat
liéu chinh 1a m6t mang lwéi lién mach dworc tao thanh
tir nhiéu 6 don vi nay xép canh nhau (Hinh 1).
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Hinh 1. C4u triic TPMS va mot don vi ctia no.

C4u truc lién két phirc tap cia bé mét bén trong
mot 6 don vi c6 thé dwgce xac dinh chinh xac thong
qua cac phwong phap khac nhau, trong dé phé bién
nhat 1a str dung phwong trinh xap xi level-set ¢(x,y,z)
= ¢. Phwong trinh nay dinh nghia mot bé mat ngdm
chia khong gian ctia 6 don vi thanh hai viing (ran va
rong), va hang s6 ¢ cho phép diéu khién mat do twong
d6i cta cau tric. V6i c=0, bé mat chia khong gian
thanh hai thé tich bang nhau (mat dd 50%)

a)

C

)

) d

Céc loai TPMS dwoc nghién ctiu phd bién nhit
dwoc biéu dién thong qua cic phwong tinh dic trung
la:

e Primitive (P):
cos(2mx) + cos(2my) + cos(2nz) =c¢ (1)

e Gyroid (G):
sin(2mx) *cos(2my) + sin(2my) *cos(2nz) +

sin(2mz) *cos(2mx) = ¢ (2)
e Diamond (D):
cos(2mx) *cos(2my) *cos(2nz) - sin(2mx) 3)

*sin(2my) *sin(2nz) = ¢

e [-WP:
2[cos(2mx) *cos(2my) +cos(2my) *cos(2mz)
+cos(2nz) *cos(2mx)]-[cos (4mx) +cos (4my)  (4)
+cos(4nz)] =c
D6i véi moi phwong trinh & trén, gid trix, yvazla
toa do trong hé toa do Descartes. Cac 6 don vi cia
tirng loai ciu truc nay dwoc biéu dién trong Hinh 2.

b)

P> 4

Hinh 2. Hinh dang cta c4u triic TPMS. (a) Primitive, (b) Gyroid, (c)Diamond, (d) I-WP.
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3. 'ng xir ddng clia ciu triic mang TPMS

Trong nghién ctru nay, hiéu suat dong hoc cua lép
v0 bdo vé bang bé tong ciu tric TPMS-Primitive duoc
danh gia chi tiét thong qua phwong phdp mé phong
s0. Mot kich ban va x6 tau dién hinh dwoc str dung dé
phan tich va so sanh phan trng ctia hai mo hinh. Viéc
lwa chon cac tham s6 cho kich ban va cham nay dwoc
can ctr trén doi twgng nghién ciru muc tiéu, von la cac
tru ciu cii trén hé thong dwong thiy noi dia. Cac tru
nay chd yéu nam trén cc tuyén dwong thily c6 cip ki
thuét IV tré xudng. Theo TCVN 5664:2009, trong tai
cla cic tau trén tuyén cé cip Ki thuat IV dwoc quy
dinh 1a 100 tin. Van t6c khai thac théng thwong cia
tau luu théng trong ludbng ndm trong khoang 3-5 m/s
[15].

béi twgng nghién cru chinh la mot tru cau bé
téng, dwoc mo hinh héa dwédi dang mot khéi dac dong
nhat c6 kich thwéc hinh hoc 1a 2,5m cao, 4,0m rong,
2,5m day. Kich thwéc dwoc lwa chon dua trén khao
sat thuc té€ cc tru ciu phé bién trén mot s6 tuyén
dwong thuy noi dia cap thip. Viéc mé phong mot két
ciu c6 do clirng téng thé rat cao nhw vay la mot chu
dich. Diéu nay nham tao ra mot kich ban thir nghiém
batloi, vi nang lwgng va cham sé it bi tiéu tan qua bién
dang udn tong thé cta két ciu. Do d6, mé phong cho
phép danh gia truec dién hiéu qua hip thu nang lvong
cta vat liéu TPMS (thong qua sup dé liiy tién) so véi
s pha hiy gion va dot ngdt cia bé tong dic, thay vi
dé ning lwong bi tiéu tan qua sw udn déo cia mot cay
cOt cao. Trong trueong hop tham chiéu, tru ciu chiu
tac dong va cham tryc tiép tir tau. Trong trwong hop
dé xuat, tru 16i bé téng c6 cuing kich thwéc dugce bao
vé bdi mot 1ép vo bén ngoai, 1ép vo nay cling dwgc
lam bdng bé tdng nhung c6 ciu tric dang mang
TPMS.

Trong m6 hinh mo6 phdng, 16p vé bao vé duwoc
thiét k& bang ciu tric TPMS dang Primitive (P), voi ti
16 thé tich dwoclap = 50% véi kich thwdc clia tAm
12 2.5%2.5x0.5m, bao gdbm 25 don vi véi méi 6 don vi
¢6 kich thwée 0.5x0.5x0.5 m. Sw lwa chon ciu tric
Primitive dwoc dua trén ca co s& ly thuyét va thuc
tién ché tao. Vé mat ly thuyét, ciu truc Primitive da
dugc chirng minh trong cac nghién ctru tredre day la
c6 db clirng va do bén cao hon so véi cac dang TPMS
phd bién khac khi ¢6 cing mot ti 1é thé tich [16]. Bén
canh d6, vé mat thuc tién, dic biét 1a khi 1am viéc véi
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vét liu bé tdng, ciu truc Primitive s& hiru mot wu
diém then chét: né tao ra cac kénh rong va khoang
khéng gian bén trong 16n va théng suét nhit so véi
cac dang nhw Gyroid hay Diamond. Pac tinh nay
mang lai loi thé thi cong rat 16m, gidp cho viéc d6 bé
tong vao van khudn dwoc tao hinh tir ciu tric nay trér
nén dé dang va kha thi hon, d&m bao bé tong c6 thé
14p day toan bo cac chi tiét phirc tap cia khudn duc.

Toan bd mé hinh va cham cta hé théng tru-vo
dwoc thé hién chi tiét trong Hinh 3. Cac phén tir khdi
solid loai C3D8R di dwoc st dung dé roi rac hoa toan
b6 mo hinh, day la loai phén t& phu hop cho cac bai
toan va cham va bién dang 16m trong Abaqus/Explicit.
Kich thwéc cac phan tir dwoc khong ché ndm trong
khodang gia tri 50mm. Téng s6 phan tr ctia hé x4p xi
100 000 phan tir C3D8R.

a)

b)

Hinh 3. M6 hinh va cham ctia tru ciu. (a) M6 hinh hinh
hoc, (b) M6 hinh chia lwéi phin ti.

Tac nhan va cham trong mé phéng la miii cia mét
sa lan, dwoc don gian hoéa thanh mot khéi hinh hoc
(nhw trong Hinh 3). Khéi nay dwoc dinh nghia 1a mot
vat cimg (rigid body) trong Abaqus. Viéc don gian
hé6a miii tau thanh vat cieng dua trén hai ly do chinh.
Thi& nhit, n6 cho phép tip trung tai nguyén tinh toan
vao trng x ctia tru cau va 16p vo TPMS. Thit hai, day
la mat gia dinh mang tinh bao thu. Khi tau dwoc dinh
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nghia la vat cirng khong bién dang, né sé khong tw
hip thu bit ky phan nang lwong va cham nao. Diéu
nay budc toan bo déng nang cua tau phai dwoc hip
thu hoan toan béi hé thong tru-vo, tao ra mét kich
ban va cham bt loi nhit va khién cho két qua danh
gia hiéu qua bao vé tré nén an toan va dang tin cay
hon. Toan bd khéi lwong twong dwong cia mét sa lan
100 DWT dworc gan cho vit cirng nay. Ve kich thwérc,
dwong kinh ctia khéi clirng dwgc lwa chon =2m khong
nham mé phéng dd bén thuc té clia miii thu, ma nham
muc dich dai dién cho mdt vung tiép xdc ban dau hop
ly, qua d6 lwc va cham dwgc truyén tir tau sang hé
thong bao vé. Mot van toc ban dau 5 m/s dwoc gan
cho khéi cirng theo hwéng va cham truc dién, vudng
g6c véoi bé mat hé théng vo bao vé.

a) b)
(r\
A
o " iy (7,_”
[, 7 I
(1-d)E,
iu zl'l
s 1,
/
J 'y
ol
, /AI:“ :
7’
—X ~ : r
P mn,h :

D& mo ta sy lam viéc phi tuyén cta vat liéu gion
nhw bé tong, m6 hinh pha hoai déo cia bé tong
(Simplified Concrete Damage Plasticity - SCDP)dworc
st dung [17]. M6 hinh nay dwgc miéu td mot cach
triec quan qua cac duwong cong (ng suit-bién dang
trong Hinh 4. Hinh 4a thé hién &ng xtr ctia bé tong khi
chiu nén. Ban dau, vat liéu c6 &ng x& dan hoi tuyén
tinh véi mo6 dun ban dau E. Sau khi dat dén (g suét
nén cuc dai o,,,, vat liéu bt dau di vao giai doan suy
giam, noi kha nang chiu tai gidam dan trong khi bién
dang khong dan hoi (¢™") tiép tuc ting. Hinh 4b mo
ta rng xt chiu kéo, dac trung boi sw gia ting irng sut
tuyén tinh cho dén khi dat cwdng do chiu kéo cuwc dai
(0ty), tai diém nay vat liéu bat dau xuat hién nit. Sau
dinh nay, kha nang chiu tai cia vat liéu giam dot ngot,
mo phéng sw phat trién cta vét nitt, dic trung boi
bién dang nirt (e%").

)9

(1-d)E,

Hinh 4. M6 hinh pha hoai déo ctia bé tong. (a) Chiu nén, (b) Chiu kéo.

Trong md hinh SCDP, vin dé quan trong nhit la
xac dinh sw suy gidm do cirng cia vat liéu khi bi hw
héng. Nhw dwoc minh hoa bang cac dwong nét dirt
trong Hinh 4, khi vat liéu bi hw hong, m6 dun dan
hoi cla né bi suy giam tir gia tri ban dau Eo xudng
mot gia tri thap hon. Sy mit mat vé kha nang chiu
lwc nay dwgc dinh lwong bang cac tham s6 hw
héng.M6 hinh SCDP cho phép tinh todn cac tham
s6 hw hong nay cho ca chiu nén va chiu kéo. Tham
s6 hw hdéng chiu nén d. biéu thi mic do mit mat
kha nang chiu luc trong giai doan suy giam sau khi
dat dinh, dwoc tinh bang:

do=1--%

GCU

(5)
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Trong d6 o, 1a &ng suit nén danh nghia va o,
la &rng suat nén cwec dai.
Twong tw, tham sé hw hong chiu kéo, d: dwoc

tinh bang:

Ot
di=1——
Otu

(6)

Trong dé o, la rng suit kéo danh nghia va oy,
la rng suét kéo cuc dai.

Cac gia tri rng sudt, bién dang khéng dan hoi,
bién dang nit va cac tham sé hw héng twong trng
duoc st dung dé dinh nghia vat liéu bé tdong trong
mo hinh mé phdong dwoc trinh bay chi tiét trong
Bang 1.
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Bang 1. Cac tham s6 pha hoai ctia bé tong [17].

Tham sd déo

Goc bo léch fb0/fcO K Tham
gidfn  tim s6 dd
né (°) nhét
(s)
36 0.1 1.16 0.667 0.0001

U'ng xtr nén U'ng xir kéo

Ung Biéndang Tham  Ung Bién
sudt  khongdan sdpha suit dang
(Mpa) hoi hoaiC  (Mpa) nirt
5.3 0 0 3.4 0
19.2 0.000048 0 0.034 0.0053
22.5 0.000119 0 - -
25.2 0.000214 0 - -
27.3 0.000333 0 - -
28.8 0.000474 0 - -
29.7 0.000639 0 - -

30 0.000828 0 - -
29.7 0.001039 0.01 - -
28.8 0.001274 0.04 - -
27.3 0.001533 0.09 - -
25.2 0.001814 0.16 - -
22.5 0.002119 0.25 - -
19.2 0.002448 0.36 - -
15.3 0.002800 0.49 - -
10.8 0.003175 0.64 - -

5.7 0.003573 0.81 - -

4. Két qua va Thao luian

Phén nay trinh bay va phén tich so sanh chi tiét
phan &rng dong hoc cua hai trweong hop: tru cau
khong dwoc bdo vé va tru ciu dwoc bdo vé bang
16p vo bé tong TPMS dwédi cung mot kich ban va
cham tau. Trwéc tién, dé hiéu ré co ché lam viéc
cda l&p vo bao vé, Hinh 5 hién thi treong phan bo
rng suit von Mises trén mot mit cat ngang clia ciu
trac TPMS-Primitive tai thoi diém &ng suat cuc
dai. C6 thé quan sat ré rang mot ving tap trung
trng suit hinh thanh trong cac thanh mdng ctia ciu
tric nam ngay bén dwdi khu vie tiép xic truc tiép

vGi miii tau. Pidu ndy chi ra rang cac bo phan nay
cda cau tric TPMS dwoc kich hoat dau tién va chiu
tai trong nén cuc bé 16n nhat. Lwc va cham sau dé
dwoc truyén va phan tan ra cic ciu tric 1an cin,
thé hién qua sy suy giam cua tredng &ng suat khi
di xa din tdm va cham. Vung tip trung &ng suit
cao nay chinh la noi kh&i nguén cho sy pha hiy vat
liéu (nhw dwgc thé hién trong Hinh 6b), khéi dau
cho co ché sup @4 liiy tién ctia vo bao vé.

S, Mises
(Avg: 75%)

+7.574e+01
+6.9428+01
+6.311e+01
+5.680e+01
+5.049e401
+4.418e+01
+3.787e+01
+3.156e+01
+2.525e+01
+1.893e+01
+1.262e+01
+6.312e8+00
+6.598e-04

Hinh 5. Biéu d6 phin b6 trng suit bén trong 16p TPMS.

a)

DAMAGEC
(Avg: 75%)

+1.500e-01

b)

DAMAGEC
(Avg: 75%)
+1.500e-01
+1.375e-01
+1.250e-01
- +1.125e-01
+1.000e-01
+8.750e-02
- +7.500e-02
+6.250e-02
- +5.000e-02
+3.750e-02
+2.500e-02
+1.250e-02
+0.000e+00

Hinh 6. Hinh anh va cham ctia tru ciu. (a) Khong c6 16p
bao vé, (b) Co 16p TPMS bao vé.
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Hinh 6 trinh bay so sanh truc quan vé co ché
pha hay trong hai trwong hop tai thoi diém va
cham, théng qua trwong phan bé ctia tham s6 hw
héng chiu nén (dc). Tham s6 nay, dwgc dinh nghia
trong mé hinh SCDP, dinh lwgng mirc dd vatliéu bi
nghién nat va mat kha nang chiu lwc. Trén thang
mau, mau xanh dwong (gia tri gan 0) biéu thi vat
liéu con nguyén ven, trong khi cac mau tir xanh 14
dén do biéu thi vat liéu da bi hw hong va pha hay.

Trong trwong hop tru khong dwoc bao vé, miii
tau va cham truec tiép vao than tru bé téng. Ngay
tai thoi diém tiép xdc ban dau, mét viing &ng suit
tap trung xuat hién tai diém va cham, din dén suw
pha huy cuc bd nghiém trong. Cé thé quan sat ro
rang mot vung pha hay hinh nén dic trung, thé
hién bang dai mau dé va cam, lan truyén siu vao
bén trong 16i tru. Phan (rng ctia tru mang dac trung
cua pha huy gion, véi nang lwong va cham gay ra
hw héng nghiém trong va xuyén sau vao 16i tru, de
doa dén tinh toan ven két ciu tong thé.

Nguwoc lai, trong treong hop tru dwoc bao vé,
16p vo bé tong ciu tric TPMS déng vai tro 1a cau
kién hy sinh, ti€ép nhan va xr ly nang lwong va
cham trwéc khi né Kip truyén téi tru 16i. Hinh 6b
cho thiy miii tau va cham vao 1&6p vé TPMS. Thay
vi pha huy tip trung, 1&6p vo TPMS thé hién mot co
ché sup do liy tién. Cau trdc TPMS tai vung va
cham bi nghién nat, cdc thanh moéng cuia ciu truc
bé tong TPMS bi uon, gy va vé vun mot cach tuan
tw. Qua trinh sup d6 va pha v ciu tric c6 kiém
soat nay tiéu tan mot luong nang lwong va cham
lon.

a)

DAMAGEC
(Avg: 75%)

+1.500e-01
+1.375e-01
+1.250e-01
+1.125e-01
+1.000e-01
+8.750e-02
+7.500e-02
+6.250e-02
+5.000e-02
+3.750e-02
+2.500e-02
+1.250e-02
+0.000e+00

87

b)

DAMAGEC
(Avg: 75%)

+1.500e-01

Hinh 7. Trang thai hw hong ctia tru khi. (a) Khong cé 16p
vo bao vé, (b) B6 16p TPMS bao vé.

So sanh tric quan trang thai hw hdng cuéi cung
cda tru trong Hinh 7, tru 16i bén trong hé théng
TPMS gin nhw dwgc bdo vé nguyén ven. Cac tham
s6 hw hong trén than tru 16i 1a rit nhd, cho thiy
rng suat truyén qua lép vo TPMS da dwoc gidm
thi€u dang ké, nam trong kha niang chiu dung dan
hoi cua tru chinh. Piéu nay chitrng minh ré rang
hiéu qua cta lép vo TPMS trong viéc chuyén déi co
ché pha hay tir dang gion va tip trung sang dang
déo va phan tan.

bé dinh lwgng hiéu qua bao vé mot cach ro
rang, viéc phan tich sy chuyén hda nang lugng
trong qua trinh va cham 1a vé cung quan trong. Mot
vu va cham, vé ban chit 1a mot qua trinh chuyén
héa nang lwgng cwe ky nhanh, tuan theo Pinh luat
Bdao toan Nang lwong, trong do6 toan bo Pong nang
cia hé théng - chu yéu la nang lwong do tau
chuyén dong (1/2-m-v?) - phai dwgc chuyén
héa khi va cham xay ra. Nang lwong nay khong mat
di, ma né dwoc chuyén hoa thanh No6i nang bén
trong cac ciu kién. N6i nang chinh la nang lwong
dwoc vat liéu hap thu théng qua cac qua trinh nhw
bién dang dan hoi, bién dang déo va pha huy vat
liéu.

Bang cach theo doi lich st cia hai dang nang
lwgng nay, ching ta c6 thé xac dinh chinh xac nang
lwgng va cham da dwoc phan bo di dau: né bi tru
ciu hép thu truc tiép (giy hw hdéng), hay né da bi
16p vé TPMS "hy sinh" hip thu va triét tiéu mot
cach hiéu qua. Cac biéu do sau day sé lam ré co ché
phén bd ning lwgng nay trong ca hai treong hop.

Hinh 8 trinh bay lich st suy gidam dong nang cua
toan hé théng cho ca hai trweong hop moé phdng.
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Pong niang ctia hé tai thoi diém ban dau (t=0) chu
yéu la dong ning cua mii tau dang chuyén déng,
va gia tri nay la nhw nhau trong ca hai kich ban
(khoang 62 M]), ddm bao mdt phép so sanh cong
bing vé nang lwong va cham dau vao.

Sw khac biét ro rét nam & toc do tiéu tan dong
nang. Trong trwdong hop tru khong dwoc bao vé
(dwong nét dirt), ddong nang cua hé giam xudng 0
mot cach dot ngot va rit nhanh, véi toan bd qua
trinh va cham chi dién ra trong khoang thoi gian
ngin. Diéu nay dic trung cho modt vu va cham
clrng, noi ndng lwong dwoc truyén di va tiéu tan

tirc thoi, thwomng dan dén luc va dap dinh rit cao.

Nguoc lai, trong trweong hop cé 16p vo TPMS
(dwong lién), qua trinh suy gidm dong ning dién
ra mot cach tir tir va kéo dai hon dang ké, mat
nhiéu thoi gian hon dé triét tiéu hoan toan.
Nguyén nhan la do 1&p vo TPMS da hoat dong nhw
mot bd dém, bi nghién nat va sup d6 mot cach lay
tién. Bang cach "lam mém" vu va cham va kéo dai
thoi gian twong tac (At), 1op vo bao vé da lam giam
dang ké lwc va cham dinh truyén vao két cau, theo
ding nguyén ly xung lwong-dong Ilwong
(F=Ap/At). Biéu d6 nay cung cip bang ching ro
rang vé su thay déi co ché phan (rng cia hé thong
khi c6 sw tham gia ctia 16p vé TPMS.
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Trong khi Hinh 8 md ta thoi gian va téc d6 suy
gidm dong nang cia hé thdng, thi Hinh 9 gii thich
nang lwgng d6 da dwoc phan bé di dau bang cach
thé hién lich st hap thu N6i nang cta cac ciu kién.

Trong trwong hop tru khong dwoc bao vé,
dwong nét dit cho thiy toan bd qua trinh chuyén
héa nang lwong nay xay ra truc tiép bén trong tru
ciu. Hinh 9 thé hién néi ning cua tru tang vot, dat
gia tri cwc dai va 6n dinh & 70 MJ sau d6. Gia tri ndi
nang cao nay twong ng truc tiép véi mirc dé hw
hong nghiém trong va pha huy vat liéu trén dién
rong da quan sat dwoc trong Hinh 6a va Hinh 7a.

Nguworc lai, trong treong hop tru dwoc bao vé,
biéu d6 nang lwong cho thdy moét co ché phan bo
nang lwong hiéu qua. Hé thong nay dwoc dai dién
b&i hai dwong cong: Thir nhit, dwdng mau cam thé
hién ndi nang cua lép Vo Primitive c6 xu hudng
tang vot 1én va on dinh & mc cao, khoang 55 MJ.
Puwong cong mau xanh tiép theo thé hién Noi nang
clia phan tru dwgc bao vé, xu huwdng ctia duwong
nay la tang rat chdm va on dinh & 15 MJ. Téng noi
nang ma toan bo hé théng da hap thu la tong cua
hai gia tri nay IEng= 70 MJ. Ttr d6 c6 thé tinh toan
dwoc phan nang lwong ma lép vé da hap thu la
55M] / 70M] = 80% Phan tich n6i ndng clia cac ciu
kién cho thiy 1ép vo bé tong TPMS hip thu phin
1é6n ndi nang cia hé thong, xap xi 80% tong noi
nang bi tiéu tan. Nang lwvong nay dwoc tiéu thu qua
qua trinh sup dd liiy tién, nit va v& vun cla ciu
trac TPMS. Chi mot phan nho nang lwong dwoc
truyén vao va hip thu bai tru 16i bén trong. Néi
cach khac, 16p vé TPMS da hoat dong nhw mot 16p
hy sinh chd dong hap thu va triét tiéu nang lvong
va cham théng qua co ché pha huy c6 kiém soat,
trwdrc khi nang lwong d6 cé thé tiép cin va giy hai
cho két cau tru chinh. Cac chi tiéu so sanh hiéu suat
chong va x6 cua 1op vo bao vé TPMS-Primitive
dwoc so sdnh va téng hop trong Bang 2.

Bang 2. Tong hop so sanh hiéu suit chéng va xo.

Y e Tru khong bdo  Tru cé véo TPMS-
Chi tiéu . S
vé Primitive
Toan bd nang Nang lwong duoc
Nang lwgng va cham phan bé hiéu qua : Vo
lwong (~70 MJ]) bi hAp  TPMS hip thu ~55 M]

(x4p xi 80% tOng nang
lwong). Tru 16i (dwoc

thu thu truc ti€p béi
tru ciu, gy huw

hip
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(Noi héong  nghiém bao vé): Chi hdp thu
nang) trong. ~15 MJ.
Chuyén vi
ngang 3.4 mm 1.578 mm
cuatru
Sup d6 liy tién , c6
Pha huy gion , uAp 0 ’uy 1?n SO
v kiém soat , va phan
Co ché tdp trung. Huw .
L, , N tdn. Nang lwong duoc
pha hiy héng lan truyén . A
N tieu tan qua viéc
sau vao 16i tru. ot e
: nghién nat cau truc vé.
Tinh Gan nh é .
n Hw héng nghiém ?n ot n,g:uyen V,en
trang tru . ., Cac tham s6 hw hong
o trong , pha huy N s
I6isauva [ °... ., trén than tru 16i la rat
trén dién rong. ,
cham nho

5. Két luan va kién nghi

Nghién ctru nay da tién hanh mot phan tich mé
phéng sd chi tiét nham danh gia hiéu qua cda viéc
str dung 16p vé bao vé bang bé tong c6 ciu tric
TPMS-Primitive, v&éi muc tiéu ting cwong kha
nang chong va x0 cho tru ciu bé téng. Théng qua
viéc so sanh hai treong hgp mo phdng, bao gom
tru ciu khong dwoc bao vé va tru ciu duoc bao vé,
cac két qua da cho thdy mot cach rd rang nhirng loi
ich vwrot troi cia giai phap dé xuat.

Két qua cho thiy 16p vé bé tong TPMS da hoat
dong nhw mot hé théng hy sinh hiéu qua cao, hip
thu va tiéu tan xip xi 80% tdng niang lwong va
cham cta hé théng. Cu thé, trong khi tru khong
dwoc bao vé phai hip thu toan bo 70 M] nang
lwong, thi & tredng hop dwoc bao vé, 16p vo TPMS
da hap thu 55 M]J, chi dé tru 16i hap thu 15 M]J. Viéc
hap thu nang lwong chi dong nay da bao vé truc
ti€p tru 16i, gidp gidm chuyén vi ngang t6i da cua
tru xuoéng con 1.578 mm, twong dwong mirc gidm
53,6% so v&i 3.4 mm caa tru khong dwgc bao vé.
Két qua cho thay ro 16p vo TPMS da kéo dai dang
ké thoi gian va cham , qua d6 "lam mém" vu va
cham va giam thiéu dang ké lwc va cham dinh
truyén vao két cau chinh.

Phén tich co ché pha hiy cho thay 16p vé TPMS
da chuyén doi hinh thirc pha hiy tir dang gion, tip
trung va dét ngdt sang co ché sup do liy tién c6
kiém soat, giup tiéu tdn mét lwong 1én nang lwong
va cham. K&t qua danh gid hw hdng vat liéu ciing
xac nhan rang tru trong trwong hop c6 1op bao vé
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gan nhu dwoc bao toan nguyén ven, trong khi tru
binh thwong chiu hw hdng nghiém trong trén dién
rong. Cac két qua phan tich trén la minh ching cho
tinh kha thi ctia viéc "ciu tric héa vatliéu" cho cac
rng dung bao vé, cho thiy ngay ca vit liéu gion
nhuw bé tong ciing c¢6 thé biéu hién co ché hip thu
nang lwong hiéu qua khi dwoc ché tao dwédi dang
TPMS.

Mic du cic két qua mo phong 1a rat hiva hen,
nghién ctu nay con mot s6 han ché quan trong can
dwoc nhin manh. Han ché1én nhit1a toan bd phan
tich déu dwa trén mo phong s6, va moé hinh vatliéu
bé tdong SCDP du chi tiét nhung van 12 mot sw ly
twdng héa. Do d6, viéc kiém ching bang thuc
nghiém trén quy mé 1én 1a vo cing can thiét dé xac
nhan cac phat hién nay. Thém vao dg, nghién ctru
mai chi xem xét kich ban va cham trwc dién; anh
hwdng ciia cac goc va cham khac nhau, vén rit thuc
té, vin chwa dugc khao sat. Vé mit (rng dung, tinh
kha thi thi cong thyc té va phan tich chi phi-hiéu
qua cua viéc ché tao cac ciu tric bé tong TPMS
phttc tap trén quy moé 16n hién van 1a mot thach
thirc cong nghé 16n. Kha nang chiu dung lau dai
cda cau truc nay trong cac mdi trweong xam thuc
khic nghiét, dic biét 1a méi tredng dn mon bién,
cling 1a mot yéu t6 then chét chwa dwoc danh gia.

Duwa trén nhirng két qua ban diu va cac han ché
da néu, cac hwéng nghién ctru trong twong lai cin
tap trung vao viéc toi wu hda cac théng sé hinh hoc
clia ciu tric TPMS nham t8i da hoa kha ning hap
thu nidng lwong, dong thoi phai gidi quyét cac
thach thirc vé kiém chirng thwc nghiém, chi phi,
tinh kha thi thi cong va d6 bén vit liéu trong diéu
kién van hanh thuec té.

Pong gop caa cac tac gia trong bai bao

Nguyén Tudn Binh: Phuong phap, Xay dung ké
hoach, Truc quan héa, Tiép nhan tai tro, Viét ban thao
goc. Lé Ba Anh: Bién soan dir liéu, Phan tich dit liéu,
Thuc hién tinh toan, Chinh stra ban thdo. Phan hoi y
kién phan bién,

Tuyén b6 khong xung dot lgii ich va cam két
ban quyén

Cac tac gid tuyén bo vé sy khéng xuat hién
nhirng xung dot tiém 4n tir nghién ciru nay, va cam
két bai bdo chwa tirng dwgc cong bé trude day.
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