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KEYWORDS

Bai bdo tap trung vao viéc 4p dung mo hinh vét liéu Coupled Damage-Plasticity Microplane (CDPM) dugc
trang bi trén phin mém ANSYS trong mé phong ing x{t phi tuyén ctia vat liéu bé tong. Pic tinh phi tuyén
ctia tAm san bé tong cbt thép (BTCT) chiu uén thiét ké theo tiéu chuén ACI 318-08 gia tai tinh dugc phan
tich dua trén phuong phéap phan ti hitu han (PTHH). M6 hinh PTHH ba chiéu cta thi nghiém uén ba
diém tdm san BTCT dwoc xay dung trong phin mém ANSYS,/Workbench (ANSYS Student 2020). Cdc phin
tit khéi tim ndt CPT215 tich hop md hinh CPDM dugc st dung trong moé phong cho vat liéu bé téng trong
khi cdc phin tif nhiing REINF264 dugc diing dé mé phong sy 1am viée ciia cbt thép. Mot phan quan trong
clia bai bdo nay 1a viée téng hop cach xac dinh céc théng sé diu vao clia mé hinh CDPM (15 théng sb)
phit hop v&i tm san BTCT chiu uén. Két qua mé phong s ctia bidu dd quan hé tai trong-chuyén vi tai

diém gitta tAm san BTCT dugc trinh bay va so sanh v&i két qua thi nghiém ctia nghién citu trude déy.

ABSTRACT

Coupled Damage-Plasticity
Microplane model

Nonlinear behavior of concrete
CPT215 element

REINF264 element

The article focuses on the application of the Coupled Damage-Plasticity Microplane (CDPM) material
model equipped with ANSYS software in simulating the nonlinear behavior of concrete materials. The
nonlinear behavior of the reinforced concrete (RC) slab which was designed according to ACI 318-08
standard under monotonically increasing load is analyzed based on The Finite Element Method. The three-
dimensional finite element model of the three-point bending test of the RC slab was built in
ANSYS/Workbench software (ANSYS Student 2020). The solid eighth-node CPT215 elements are
employed in the simulation for concrete material whereas the embedded REINF264 elements are used to
simulate the rebars. A crucial part of this paper is a determination of the suitable input parameters of the
CDPM material model (15 parameters) for the considered flexural RC slab. The numerical results of the
relationship between the applied load and the displacement at the mid-span of the RC slab are presented

and compared with the experimental results of the previous study.

1. Gi6i thiéu:

Nguoc lai, md hinh vat liéu vi md dva trén co hoc vi mé (Micro-

Mechanics) sé& st dung mét cach tiép can khéc, d6 1a phét trién méi

Viéc mo phong va phan tich phin t hitu han (PTHH) cho céc két
cAu bé téng cbt thép nhv dim, cot va san hién nay van 13 mét thach
thitc 16n cho céc nha nghién citu vi bé tong 14 vat liéu khong ddng nhit
v6i cdc ttng xt co hoc phi tuyén phic tap [1]. P4 ¢6 rat nhidu mé hinh
vat liéu duge dé xudt cho bé tong tit cic nghién cifu triede day [2-3].
Mbi mé hinh vat liéu ddu c6 diém manh va diém yéu khéac nhau, do dé
viéc Iva chon mot mé hinh vat lidu c6 tinh thuyét phuc cao dé ing dung
tinh toan cé hiéu qua cho vat liéu bé tong hién van dang 12 mot van dé
mang tinh thoi sy [4]. MO hinh lién tuc thudng hay duge st dung trong
mo phong sb vt liéu bé tong, trong d6 mbi quan hé iing suét - bién
dang thuwdng dugce sit dung dé dién ta kha ning chiu kéo, nén 1a théng
s6 dAu vao quan trong. Cac md hinh lién tuc nay thuong duge xay dung
trén mbi quan hé béc cao giita bién dang va tng suét. Miic dit mé hinh
lién tuc mo phong rét t6t dbi v&i vat liéu dan hdi tuyén tinh, tuy nhién
kha ning mé phéng tng xit phi tuyén cho vat liéu bé tong ctia cic md

hinh lién tuc nay 14 rit gi¢i han.

Nhén ngay 06/06/2021, giai trinh ngay 15/08/2021, chdp nhan ding 30/08/2021

quan hé tng sut - bién dang vi mé tit co ché cta ciu tric vi mé [5-9].
M6 hinh CDPM hién tai do phén mém ANSYS trang bi trong thu vién
vat liéu dya trén nghién cttu ctia Zreid va Kaliske [10-12]. Sy cai tién
ndy 132 mét phat trién rit hitu ich do s6 lwong thong s6 phu thude vao
vét liéu giam dang ké tit 33 thong sé diu vio & cdc phién ban
Microplane trede do Nguyen va cong su [13] d@ xudt xubng con 15
thong sé nhu phién ban hién tai do Zreid va Kaliske [12] d& xuét. Mot
trong nhitng loai phan ti¥ phit hop véi mé hinh vat liéu CDPM dang cha
¥ 13 phan t& khéi tdm nat CPT215 sé 1 phan ti tiém ning trong mo
phéng ting xt phi tuyén cta vat liéu bé téng.

Trong bai b4o niy, mo6 hinh PTHH ba chiéu ctia thi nghiém uén
ba diém tim san BTCT dwgc xiy dung bing phin mém
ANSYS/Workbench, cic phin ti khi CPT215 st dung mé hinh vit liéu
CPDM dugc sit dung trong mé phong itng xi@ phi tuyén cho phin vat
liéu bé tong trong khi cac phin t¢ nhing REINF264 duoc st dung dé
md phoéng ting x@ ctia céc thanh cbt thép trong tAm san BTCT khao sét.
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Viéc xdc dinh cac thong sé diu vao trong mé hinh CDPM cho tAm san
BTCT duoc téng hop va dé xuét dua trén viéc khao sat céc tai liéu
nghién ctu lién quan. Két qua mé phong sb vé quan hé giita tai trong
tac dung tinh va chuyén vi tai diém giita tAm san dugc trinh bay va so
séanh v6i két qua thi nghiém ctia nghién ctu triede dy do Cao va cong
st (2015) [14] thuc hién. Su twong ddng tét gitta két qua mé phong va
thi nghiém thé hién tinh hop 1y ctia cic théng s cho mé hinh vat liéu
CDPM ciing nhu tinh kha thi ctia mé hinh PTHH d& xuét cho tim san
BTCT khéo sat.

2. M6 hinh mé phéng thi nghiém uén 3 diém cta tAm san BTCT:
2.1. So lwgt vé thi nghiém uén 3 didm:

TAm san bé téng cbt thép duge thiét ké theo tiéu chuén ACI 318-
08 [15] va dugc ché tao trong phong thi nghiém bdi Cao va cong su [14].
TAm san c6 kich thude 1000 X 900 x 150 mm va duge gia cwdng cic
thanh c6t thép dudong kinh 10 mm c6 thiét ké nhu mé ta trong Hinh 1.
Lép bé tong bao vé c6 chidu diy 20 mm. TAm san dugce thiét ké véi
cwong do bé tong 1a 35 MPa. Méu thi nghiém dugc ché tao va dudng
ho trong 28 ngay triede khi thi nghiém gia tai kiém tra kha niing chiu
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Hinh 1. Thiét ké ctia tim san BTCT trong thi nghiém uén 3 diém [14].

2.2. M hinh vat liéu:
2.2.1. Vat liéu bé tong

Céc déc tinh co hoc ctia vt liéu bé téng duwgc mo hinh héa théng
qua md hinh vat liéu CDPM dugc trang bi trong phin mém ANSYS. M6
hinh CDPM nay dwa trén nghién ctu cta Zreid va Kaliske [10 - 12]. Tuy
nhién, mé hinh nay chi c6 thé truy cép théng qua céc dong 1énh va
khéng hién thi trong giao dién ciia ANSYS,/Workbench. M6 hinh CDPM
yéu ciu 15 thong s& d4u vao [16], cach xac dinh cac thong s& nay trong
mé phong phi tuyén ¢ng x@ cta vat liéu bé téng dugce téng hop nhw
sau:

Céc théng sb trong giai doan dan hdi (Elasticity): E va v ¢6 thé
dugc x4c dinh tit viing dan hdi clia dudng cong tng suét-bién dang vat
liéu, hodc bing cich st dung cac cong thite thi nghiém c6 sin trong tai
liéu [16]. Trong nghién cttu nay, hé s6 Poisson 1a v = 0,2 va mé dun
dan hdi (E,) cho bé téng dugc tinh theo tiéu chuén ACI 318-08 [15]

v§i cong thic:

E, =4700,[f, (MPa) eh)

trong d6 f,  la tng sudt 16n nhét, va bién dang twong tng & c6 thé
dugc tinh nhu coéng thic (2) dugce d@ xuét bi Feenstra va cong su [17]
nhu sau:

4
& = g%": 2
Théng sb trong giai doan chay déo (Plastictiy): cic thong sb do bén f,,,
foe VA f, 12 céc thude tinh co hoc ctia vat liéu phd bién (c6 thé dvwoc tim
thiy bing thi nghiém). Trong trudng hop khong ¢6 dit lidu thi nghiém

dy du, néu biét f,. c6 thé sit dung quan hé sau [16, 18]:

f,=115-f_ (MPa) 3)
2
C1alfeV
f,=14 [mj (MPa) &)

Trong nghién cifu ndy, tAm san duoc ché tao bang bé tong tron
san v6i cudng d6 bé téng 1a 35 MPa. Cudng dd chiu nén thu duge tit
céc thi nghiém dugec thic hién trén cic miu tru tiéu chuén (150 % 300
mm) la 35,4 MPa do Cao va cdng su thuc hién [14]. Do d6, cuong do
chiu nén don truc f,, = 35,4 MPa cho tm san BTCT khao sat.

Viéc xac dinh gia tri ctia thong s6 o, tuwong dbi phtic tap. Néu
thiéu thong tin dé xdc dinh, théng sb nay c6 thé duge wéc tinh theo
cong thite kinh nghiém dwoc d& xuét trong tai liéu [16]:

. 2
o) =3 fi (MP2) (5)
Théng sb R duge mé ta chi tiét trong [12]. Thong thudng, R = 2.

Théng sé hardening c6 thé dugc tinh theo céng thic (6) do
Nguyen va Houlsby [19] d8 xuét nhu sau:

. D
_fu(E4D) ¢, (MPa) 6)

trong d6 f,, c6 gid tri khoang 30% clia ¢ing suit nén cuc dai f, ; D1a
thong sb hardening; E va e 14n Iwgt 1a mé dun dan hdi va bién dang
twong tng tai diém c6 gia tri @ng sudt nén cyc dai va dugc tinh toan
bing cong thite (1) va (2).

Thong s& pha hoai (Damage parameters): cic thong sb R., B
va y,, dugc xac dinh tif thi nghiém kéo 1dp don truc. Trong trong
hop khéng 6 cac di ligu tit thi nghiém nay, c6 thé 14y R, =1,
B, =1,5B, lam diém bat ddu. Nguong bat ddu xuit hién pha hoai kéo
7, duoc 14y béing khong ( 7,0 =0) vi su phé hoai kéo gan nhu bit diu
ngay 1ap titc ngay sau gi&i han dan hdi [16]. Gi4 tri cta cac théng sb
pha hoai dugc xac dinh dva trén d8 xuft ctia Zreid va Kaliske [12] va
dwgc xac dinh dé phit hop v6i dudng cong quan hé tai trong-chuyén vi
bing thi nghiém.

Théng s6 nonlocal (Nonlocal parameters): thong sb m duge lay
sao cho m > 1, thong thudng sé dugc 14y m = 2,5 nhim diéu chinh
giai phép tinh to4n. Gid tri clia théng sb ¢ duge hiéu 1a kich thuée clia
ving chiu thiét hai cua két ciu, co thé tinh toan béng céc xac dinh chidu
dai dic trung ctia vat liéu theo nhidu cich khac nhau duoc dé xuit

trong tai liéu [12].
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Bang 1. Thong s6 mé phong cho mé hinh CDPM ctia vt liéu bé tong [5].

Thé % E v f uc f be f ut o 5 D R RT
ong so

& (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

Gia tri 28000 0,2 35,4 40,7 3,2 -27,2 58800 2 1
Thong sb 7o Yo B B ¢ (mm?) m

Gia tri 2.10° 0 10000 15000 400 2,5

Bang 2. Dong 1énh APDL cua vét liéu bé téng SC1 trong ANSYS.
Dong lénh APDL Mo ta

MP,EX,SC1,28000

! Khai bdo md dun dan hdi E

MP,NUXY,SC1,0.2

! Khai bao hé s6 Poisson v

TB,MPLA,SC1,,,DPC

TBDATA,1,35.4,40.7,3.2,1,58800,-27.2

! Khai béo théng s6: forfoor fis R D50

TBDATA,7,2,0,2e-5,15000,10000

! Khai bdo théng sb: R,,057.0: 8.5 B,

TB,MPLA,SC1,,,NLOCAL

TBDATA,1,400,2.5

! Khai béo théng sé ¢, m

Cac thong sb vat liéu cho vat liéu bé téng trong mé phong dugce thé
hién trong Bang 1. trong d6 gi4 tri f,, = 35,4 MPa ly theo thi nghiém
ctia Cao va cOng su [14]. Cac dong 1énh command APDL cho vt liéu bé
téng trong ANSYS/Workbench ciing dugc trinh bay trong Bang 2.

2.2.2. C6t thép gia cudng

Trong thi nghiém uén 3 diém, Cao va cong sy [14] st dung cbt
thép SD40 c6 duong kinh d = 10 mm, gidi han chay va cuong do kéo
14n lugt 12 390 va 560 MPa. Trong nghién cttu nay, cac thanh thép trong
mo hinh PTHH dwgc mé hinh héa véi mbi quan hé tng suét-bién dang
song tuyén nhu thé hién trong Hinh 2. Giéi han chay duoc xic dinh 1a
390 MPa tit thi nghiém, mé dun dan hdi ctia thép E_ =200 GPa, hé sb
Poisson ctia cic thanh thép dugc 1y bang v = 0,3 va mé dun tiép tuyén
ctia phin sau khi chay déo dwoc lay 1a E, =0,005- E, =1000MPa
[20].
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Hinh 2. Quan hé ¢ng suit bién dang trong cbt thép [20].
2.3. Thiét 1ap mé hinh PTHH:

M0 hinh PTHH ba chiéu cta thi nghiém uén ba diém cho tAm san
BTCT dugc xay ding trong phdn mém ANSYS/Workbench. Cac phin tit
khéi tam nit CPT215 dugce sit dung dé mé phong ng xw phi tuyén cta
phén vat liéu bé téng bing mé hinh CDPM trong khi céc phén tit nhiing
REINF264 dugc st dung dé mé phong @ng xit cta céc thanh thép gia

cwdng. Cac phin sau sé trinh bay chi tiét v& phin tit khéi CPT215, phin
ti¢ nhiing REINF264, m6 hinh mé phong, céc kich thugce lwéi phan t,

va céc diéu kién bién ctia mé hinh PTHH dé xuét.
2.3.1. Phin t¢ khéi CPT215

M5 hinh vat liéu CDPM dugce trang bi véi cac phin tit khéi (3-D)
CPT214, CPT215, CPT216 ciing nhu’ cho cdc phin ti phing (2-D)
CPT211, CPT212, CPT213 [10]. Trong nghién citu nay, phan tit khdi
tdm ndt CPT215 (Hinh 3) duoc sit dung dé mé hinh phin vat liéu bé
tong ctia tAm san BTCT trong phin mém ANSYS/Workbench.

Prism Option

J

Tetrahedral Option -
not recommended

Hinh 3. Phin t khéi 8 nat CPT215 [21].
2.3.2. Phan ti¥ nhiing REINF264

Phin t& nhing REINF264 13 phan tit lién két, gia cuong thudng
dugc két hop v6i cac phin tit khéc (dit vao bén trong céc phin tit nay)
nhv phin t&¢ ddm, phin ti tAm va phan t¢ khéi,... (duoc goi 1a phin
tit co’ s&). Cac vi tri nit, bac ti do clia phin t nhiing REINF264 s& bién
dbi mét cach ty dong dé gibng hoan toan véi cdc phin ti co s& ctia nd,
didu nay 12 mét dic didm dic biét clia loai phin ti nhiing REINF264,
1am cho viéc st dung phan t niy vio mé hinh sé d& dang hon [21].
Trong nghién ctu nay, phin ti nhing REINF264 dugce sit dung ciing
v6i phin tir khdi tAm nat CPT215 d& m6 phong wng xi cua thanh cbt
thép cho tAm san BTCT va dugc thé hién trong Hinh 4.

JOMC | 76



Tap chi Vat liéu va Xdy dwng Tdp 11 56 5 (10 - 2021)

(@ (b)
Hinh 4. (a) Phin tit nhiing REINF264; (b) Phin ti¥ nhting REINF264
va phin t co s& CPT215 [21].

2.3.3. Kich thu@c va cac diéu kién bién

Bé tong
(Phiin tir CP1215)

Cét thép gia cwong
(Phén tir REINF264)

(b)
Hinh 5. (a) Mé hinh mé phong ba chiéu ctia mot ni¥a thm san BTCT
khao sat; (b) Cac diéu kién bién.
M6 hinh PTHH cho tdm san BTCT dwgc md phong véi cac kich
thwde, thiét ké cbt thép, didu kién bién dong hoc va didu kién bién tinh

hoc dwgce dwa trén méu thi nghiém dbi chitng ctia Cao va cong sy [14].
Pé giam khéi lwgng tinh todn, do tinh chit dbi xténg 1 truc ctia miu
khao sat, mot nita tAm sian BTCT dwoc mod phong véi mit déi xing thé
hién nhv trong Hinh 5(a). Cac diéu kién bién tinh hoc va dong hoc
dwogc thé hién trén Hinh 5(b). Trong mé hinh nay, tai trong sé dugc ap
dung 1én mé hinh theo hinh thitc d6 dich chuyén thing ditng huéng
xubng (theo phuwong Y) & vi trf gitta nhip ctia tAm, va gia tri t6i da bing
8 mm (ing v&i gié tri t6i da dugc thire hién trong thi nghiém.

D& khao sat sy hdi tu ctia nghiém s6 cling nhw d6 nhay ctia két qua nhan
dugc tit mé phong, mé hinh duge khao sat bing cac loai lwdi phan ti
14 céc khéi hinh 1ap phwong. Do sy han ché vé s6 phan t dbi v&i ban
quyén ANSYS Student 2020, do d6 3 lw6i phan tit ¢ kich thude tit
40 mm, 30 mm va 20 mm twong &ng v&i cac luwdi chia Mesh 1, Mesh 2
va Mesh 3 dugce khao sat.

3. Két qua mé phoéng sé:

Két qua mé phong sb vé& quan hé gitta tai trong-chuyén vi tai vi tri
gitta nhip ctia tim san BTCT qua céc kich thuée lwgi khic nhau dugce
trinh bay va so sdnh véi dit liéu thi nghiém dugc thé hién trong Hinh 6.
C6 thé thiy ring két qua mé phong sb 12 héi tu thé hién ng x tuong
tw v&i két qua tir thi nghiém dbi chitng ctia Cao va cong su [14].

140
120
100
> 80
£
=
2 1 0 ssssss Mesh I - 40mm
3 60 4 — —  Mesh 2 - 30mm
] —— Mesh 3 -20mm
o——= Thinghiém [14]
40 o
20 4
3
3
(U o o e e  BLJLALE B o e

=]

I 2 3 4 s 6 1 8
Chuyén vi (mm)
Hinh 6. So sanh két qua luc-chuyén vi giita nhip ctia tim san BTCT
gitta mé phong va thi nghiém ddi chiing.

Tit nghién ctu héi ty, c6 thé nhan thy ring mé hinh PTHH duogc
@ xuAt mang lai c4c giai phap sb 6n dinh va hiu nhu khéng ¢6 sy khac
biét dang chii y giita cac két qua ti¥ cic 1wGi chia phan t& khic nhau &
giai doan dAu (nhanh tang). Uu diém ctia m6 hinh PTHH dé xuét 13 md
ta dugc ca ting x giai doan sau (nhanh giam) ctia tAm san BTCT khao
sat dén hét giai doan thi nghiém (chuyén vi t6i da 14 8 mm trong thi
nghiém [14]).

Tai trong cuc han ma tAm san BTCT chiu duoc clia ca ba trudng
hop kich thuée lwdi phin tit khac nhau ciing v&i két qua thi nghiém
[14] dugce thé hién trong Bang 3, trong d6 sb trong ngoic don thé hién
sai s6 % gitta két qua md phong va thi nghiém. C6 thé thiy ring, gia tri
mé phong PTHH kha phit hop vé6i két qua ctia thi nghiém déi chitng. Gia
tri mé phong sb tai trong cuc han ctia lwéi phan tif khao sat min nhit
(Mesh 3 — 20 mm) c6 sai khéc v&i gid tri thi nghiém vao khoang 4 % trong
nghién ctu nay.

Sy sai khac nho giita két qua mo phong va két qua thi nghiém
dbi chitng c6 thé 1y giai 1a do chua ¢6 sb lidu thi nghiém cu thé v& hé
s6 bién dang 7, twong @ng véi ngudng bit dAu pha hoai do nén cta
bé téng trong md hinh vét liéu CPDM. Trong nghién cttu mé phong nay,
gia tri nay dugc tham sé héa theo d@ xuét trong nghién citu ctia Pirker
[9] va két qua sb trinh bay 12 11 giai hoi tu tét nhan duoc.
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Bang 3. So sanh tai trong cyc dai Gng véi cac kich thude lwdi chia

khac nhau.

. Thi nghiém Mesh 2 Mesh 3

Mau SC1 Mesh 1
[5]
Tai trong
. 117,66 111,60 107,21
cuc dai 111,83
(5,21 %) (-0,21 %) (-4,13 %)
(kN)

(@

Hinh 7. So sanh viing xuét hién vét ntit trong tAm san BTCT giita (a)
md hinh va (b) thi nghiém.

396.5 Max 3084 2203 132.2
3524 264.3 176.2 881

D: SC1-35MPa

Equivalent Stress Reinforcement steels

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 0.38

0.008374 Min
0

(@

429.7 Max 387 1432

382 065 191 95.49
D: SC1-35MPa
Equivalent Stress Reinfarcerment steels
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 2

0.001158 Min
[

(b)
Hinh 8. Ung suét trong cdt thép gia cdng ctia tAm san BTCT: (a) tai
thoi diém tAm BTCT chiju lie cue han; (b) tai thoi diém Gng voi

chuyén vi gitta tim san 13 8 mm.
Céc vecto ting sudt chinh trong tAm san BTCT chiu luc tai thoi
diém Gng vGi tai trong cyc han dugc thé hién trén Hinh 7(a). T
phuong clia cdc tng sudt chinh cho thiy c6 sy twong ddng clia viing
xuét hién ¥ng suét chinh trén mé hinh vi viing xuét hién cac vét nift

nhé dugc quan sat thiy trén miu thi nghiém thé hién trén Hinh 7(b)

#ng v&i thai diém tai trong cie han twong Gng. Mic dit mé hinh PTHH
duoc d xult chua mé ta chinh xac vi tri cic vét nift, nhung c6 thé chi
ra dugc ving niit twong ty nhu quan sat trong thi nghiém.

Ung sudt trong cbt thép gia cwdng tai thoi diém tAm san chiu lvc
cue han va tai thoi diém ¢ng v&i chuyén vi téi da thuc hién trong thi
nghiém (8 mm) dugc thé hién trén Hinh 8. Két qua mé phong cho thiy
cbt thép gia cwdng 1am viée trong giai doan chay déo trong ca 2 thdi
diém khao sat, thé hién su hop 1y ctia ham lwgng cbt thép gia cwdng da

st dung ctia tAm san BTCT khao sat.
4. Két luan:

M6 hinh PTHH c6 kha ning mé phong ting xif uén ctia tim san
BTCT da dugc xdy dung thanh
ANSYS/Workbench. Trong mé hinh PTHH dugc d& xult, cic phin ti
khéi CPT215 tich hgp mé hinh vat liéu CDPM duge st dung dé mé
phong ting xit phi tuyén ctia vat liéu bé tong trong khi cic phan ti
nhting REINF264 duge st dung d& mo phéng ing xit ctia cac thanh cbt

céng bing phin mém

thép. Két qua mo phong sb twong ddng véi két qua thi nghiém i
chiing.

Céc két qua s tir mo hinh kha én dinh qua ca 3 kich thuée lw6i
khao sat. Sy’ thanh céng cia mo hinh PTHH d@ xudt nay phai ké dén sy
déng gép to 1én ctia mo hinh vt liéu CDPM dugc trang bi cho phan tit
CPT215 dé mé ta Ging xi phi tuyén cta vét liéu bé tong. Cac thong sb
mé hinh vat liéu CDPM duoc dé xuét cho tAm san BTCT khao sat 1a
twong dbi phit hop v&i nghién citu thi nghiém dbi ching.

Véi két qua tich cue thu duge tit mé phong trong nghién cttu
ndy, mé hinh PTHH duoc d@ xut hita hen sé hiéu qua trong viéc phan
tich ting x@ phi tuyén ctia cic tAm BTCT chiu udn trong céc tinh huéng
phitc tap hon. Vi dy, cac tAim BTCT dugc sita chita/gia ¢b bing vat liéu
FRP (Fiber Reinforced Polymer) bing cach st dung k¥ thudt gia cwong
bén ngoai (EBR-Externally Bonded Reinforcement) hoic gia cuong gin
bé mat (NSM-Near-Surface Mounted).
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Nghién ctu nay dugc tai trg béi Truong Pai hoc Bach Khoa Tp.HCM
trong khuén khé d tai Khoa hoc Céng nghé cAp trudng nim 2020, ma
s6: T-KTXD-2020-23. Chung t6i xin cam on Trudng Pai hoc Bach Khoa,
PHQG-HCM d4 hd trg thoi gian, phuong tién va co s& vat chit cho
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