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Abstract. A numerical study is conducted in the present study to investigate the mechanical
properties of adhesive materials on the behavior of GFRP-flexrual strengthened wide flange
steel beams. The numerical study is based on a commercial structure analysis software.
Nonlinear materials are included and Riks-based analyses are conducted in the numerical
models. The effects of the adhesive rupture strength and modulus of elasticity on the system
ultimate moment capacity and the adhesive stresses are investigated. Key observations are
obtained through the investigations, those include (i) The higher the adhesive rupture strength
is, the higher the adhesive stresses at the GFRP plate end areas and at the mid-span are. When
the adhesive rupture strength is small enough, the adhesive shear and peeling stresses only
concentrate at the plate end areas, (ii) the adhesive shear stresses are higher for smaller
adhesive modulus of elasticity, (iii) the ultimate moment capacity of GFRP-strengthened
beams increases with higher adhesive rupture strength. When the adhesive rupture strength is
big enough, the system failure mode is switched from adhesive failure mode to GFRP rupture
mode. And (iv), the system ultimate moment capacity is inversely proportional to adhesive
modulus of elasticity. This may be explained by the fact that the adhesive layer with lower
modulus carries more shear stresses.
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Tom tat. Mot nghién ctu sé duge thuc hién trong nghién cau hién tai dé nghién cau anh
huong dac trung co hoc cua I6p két dinh t6i sy 1am viéc cua dam thép canh rong gia cuong
udn bang tim dan GFRP. Dya trén mot phan mém phan tich két cau, mot md hinh mé phong
két cau dam thép gia cuong GFRP bang cac phan tir ba chiéu duoc xay dung. Céc théng sb
vat lidu phi tuyén duoc nhap vao mé hinh va cac phan tich phi tuyén dua trén phuong phép
Riks dugc tién hanh. Céac anh husng cua sirc khang pha hoai va md dun dan hdi cua lop két
dinh t6i m6 men udn toi da ciia h¢ két cAu va s phan b cia céc truong (ing suat trong lop
két dinh dugc nghién ctu. Két qua nghién ctu cho thay (i) Khi strc khang pha hoai cua chat
két dinh cao 1én, thi 16p két dinh s& chiu nhiéu &g suat cit va ang suat phap hon ¢ vung bién
va ca ¢ khu vuc gitra nhip. Bén canh dé, khi sitc khang phé hoai nay du nho, cac tng suat cat
va (ing suat phéap theo phwong dung (peeling) chi tap trung cao ¢ khu vuc nho & bién (dau tim
GFRP). (ii) Khi c6 cung mot strc khang pha hoai, vat li¢u két dinh c6 md dun dan hoi nho hon
chiu nhiéu tng Suat cit hon. (iii) Vi 16p két dinh c6 stc khang phé hoai 16n hon thi mé men
khang cua két ciu ciing tang 1én. Khi sicc khang pha hoai cua 16p két dinh da Ién, dang pha
hoai s& chuyén tir kiéu pha hoai 16p két dinh sang phéa hoai tim GFRP. Va (iv) M6 men téi da
cua két cau ti 1& nghich véi gia tri mo dun dan hoi cua 16p két dinh, cé thé do 16p két dinh co
mo dun dan hdi nho hon chiu nhiéu tng sut cat hon.

Tir khoa: Dam thép, GFRP, chat két dinh, (ng suat cat, ang suat peeling, sirc khang ubn tdi da.

© 2020 Truong Dai hoc Giao thdng vdn tai
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1. PAT VAN PE

Gia cuong dam thép bang tam soi thay tinh GFRP (Glass Fiber- Reinforce Polymer) la
mot giai phap dang duoc nghién cuu sir dung nhiéu nham tang kha ning 6n dinh cuc bo cua
dam thép. Uu diém cua giai phap nay 1a viéc thi céng thuan tién, gia thanh thap, khéng bi an
mon ciing nhu khong 1am thay doi kich thuéc dam ban dau. Ngoai sirc khang udn va kéo, tim
GFRP day con s& hitu ca sic khang nén [1,2]. Ba c6 mot sé nghién ctu vé ang xir cua dam
thép gia cuong FRP ¢ trong va ngoai nuéc. El Damatty va Abushagur [1], El Damatty va
cong su [2] da thuc hién cac nghién cau thuc nghiém va md phong danh gia su thay doi cua
{rng suit cit va tng suit phap tai bé mat dinh bam giita tim GFRP va dam thép cua dam ciu.
Youssef [3] phat trién md hinh giai tich nham danh gi4 su anh huéng cua chiéu day tam
GFRP t¢i stc khéang uén t6i han cua dam thép duoc gia cudng. Harries et al. [4] phan tich kha
nang ting cudng 6n dinh cuc bd cua mot cot thép duoc gia cuong bang GFRP. Siddique and
El Damatty [5,6] dé xuat cong thic xac dinh dang pha hoai cia dam thép duoc gia cuong
GFRP. Theo d6, ¢ 3 dang pha hoai duoc phan tich gém pha hoai do mét 6n dinh cuc bo cua
ban canh nén, do su pha hoai cat cua I6p dinh bam va do pha hoai kéo cua tim GFRP. Pham
et al [7] phéat trién mot mé hinh phan tir hiru han dé du doan wng suat cat va tng suét phap ¢
bé mat dinh két vat liéu cua cac dam gia cuong bang tim dan GFRP. DU vay, chua cho nghién
ctru vé anh huong cua dic trung co hoc caa 16p két dinh téi tng xir cua dam thép duoc gia
cudng bang tim GFRP & trang théi toi han. Mdi loai chat két dinh khac nhau anh huong rat
nhiéu téi su 1am viéc cuc bo ciing nhu tong thé cua dam dugc gia cuong. Bai béo nay thuc
hién mot nghién ctru s6 thdng qua viéc xay dung md hinh phan tich phan tir hitu han ba chiéu
(3D FEA) trong phan mém phan tich két cAu Abaqus. M6 hinh sau d6 dugc su dung dé khao
sat anh huséng cua mot sb dac trung co hoc cua 16p két dinh toi sic khang uén téi da caa két
cAu va su thay dbi caa cac truong (ng suat trong lop két dinh.

2. THIET LAP MO HINH MO PHONG
2.1. Giéi thi¢u mo minh

M6 hinh m6 phong ing xur két ciu dim gia cuong bang tim dan GFRP dugc dé xuat
dua trén phan mem ABAQUS. Dam thép co6 mit cat hinh chix | véi céc kich thuéc chung
dugc k!’ hiéu nhu trén Ijinh 1. Phan tir khoi C3D8R trong thu vién duoc lya chon trong do
moi phan tir ¢ 8 nat, moi nut ¢6 3 bac tu do. Ludi PTHH caa két cau phu thuoc va duogc kiém
sodt bai 8 thong s6 n, (i=1,2,...,8), trong d6 n, 1a s6 phan tir doc theo phan canh hing dam
thép, n, 1a s6 phan tir doc theo chiéu day tim GFRP, n, la sé phan ti doc theo chiéu day Iép
két dinh, n, 1as6 phan tir chiéu day ban canh, n, 13 s6 phan tir doc theo chiéu day bung, n, 1a
s6 phan tir doc theo chiéu cao trong cta ban bung, n, 1a s6 phan tir doc theo chiéu dai dam
khong gia cuong, va n, 12 s6 phan tir doc theo chiéu dai dam gia cuong tam GFRP.

M6 hinh md phong sy l1am viéc cia dam gia cuong GFRP c6 xét dén sy phi tuyén vat
licu. Bé xir ly bai toan phan tich phi tuyén, thuat toan (arc-length) cua phwong phap Riks
duoc sir dung véi cac thdng sé Initial time increment = 0.1; Total arc length scale factor
associated with this step = 1.0 va minimum arc length increment = 1e-10. Hinh 2 giéi thi¢u
cac md hinh vé vat liéu (thép, GFRP, chat két dinh) duoc lya chon, trong d6 mé hinh cua thép
c6 xét dén su 1am viéc chay déo phi tuyén. Cac théng sé nay duoc lay theo catalog cua nha
san xuat [9,10]. Thong sb vat liéu dugc nhap vao mot tai liéu Microsoft Excel Comma
Separated Values File. Tai liéu nay duoc dat tén la “steel.csv”. va dugc dua vao md hinh
thong qua cac dong Iénh *Plastic, *INCLUDE,INPUT=steel.csv. B¢ thong nhit vai don vi trong
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cac phan mém, nghién ctru hién tai sir dung ddu chim*.” thay cho day phay*,” cho c4c sé thap phan.

L Déam thép canh réng n 6

e ey
=t  — |

=i

"y
i Lop két dinh — - : ;;3
[
n, ! n, Tém GFRP™ n; ns 2
Hinh 1. Lugi PTHH cia dam thép gia cuong tim dan GFRP.
O (MPa) |\ O MPa) |\ O (MPa) )\

(Su dung trong mo hn/rh 3D FEA) F=2086| - - . Fa:72-4 ___________ v
Fu=450 |

F\=350

: . L L
0 &, 20e, 0.15 025 ¢ 0 0012 & 0 0.0228
(@) (b) (c)

Hinh 2. Méi quan hé &ng suét - bién dang cua (a) thép, (b) GFRP, va (c) chét két dinh.

2.2. M6 hinh pha hoai ciia dim thép gia cwong tim GFRP dwoc xem xét

Két cau dam thép gia cuong tim GFRP bang chat két dinh c6 thé bi pha hoai dudi nhiéu
dang khac nhau, bao gdm: Mat 6n dinh cuc bo ciia ban bung/ ban cénh [5]; mat 6n dinh tong
thé [8]; strc khang ubn cua cac mat cat dam bac 3 (hodc mat cit sub-compact) va cac ung suat
cit/ tach c6 thé xay ra & mat phan cach vat liéu [5]. Nhitng mé hinh phé hoai nay di duoc
trinh bay trong cac nghién ctru [5-8]. Nghién ctu hién tai bd sung vao cac nghién cau trudc
bang viéc tap trung vao mot md hinh pha hoai khéc, d6 1a sic khang udn tdi da cua cac dam
gia cuong tam GFRP trong d6 dam duoc phan loai 1a mat cit bac 2 (' hoic mit cat compact).
Céc xem xét duoc tap trung vao su pha hoai cua vat liéu (thép, chat két dinh va GFRP).

Mic du phé4 hoai cua thép c6 thé dua trén mot mat cit chay déo hoan toan, tuy nhién
diéu nay hiém khi xay ra vi phé hoai cua céc vat liéu khac (GFRP hozc chét két dinh) c6 thé
s& xay ra trudc. Pha hoai cua thép cd thé xay ra do céc stc khang 6n dinh tong thé hoic do
mét 6n dinh cuc b (vi du [5, 8]). Tam GFRP dwgc xem la bi pha hoai khi (ng suit c6 hiéu
von Mises 16n nhat trong tam vuot quéa cuong do phé hoai (kéo hoic nén) caa GFRP. Déi voi
chat két dinh, Kadam [9] d& nghién ciru mot s6 tiéu chi pha hoai c6 thé ap dung cho vat liéu
két dinh, bao gdm tiéu chi von-Mises, Drucker Prager, (ng suat chinh Ién nhat, ang suat cat
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lon nhét, tng suat tach (peeling) lon nhét, ng suat cat phang, tng suat trung binh, va md hinh
Mohr-Column. Gitra cac md hinh nay, tiéu chi Drucker Prager dugc xem la gan vai két qua
thi nghiém shear lap nhit. Tuy nhién, do thiéu cac théng tin thuc nghiém vé goc ma sat trong
cho céc loai vat liéu két dinh dung dé dan GFRP vao thép, nghién ctu hién tai gia thiét mot
cach than trong rang goc ma sét trong bang khdng, diéu nay dan dén mot loi giai don gian hoa
va sy pha hoai cua chat két dinh sé& dya trén tiéu chi ang suat von-Mises.

2.3. Kiém tra md hinh

Trén cac tai liéu nghién ctru da cong bd hién nay, chua thiy c6 nghién cau thuc nghiém
nao vé mot két cau dam thép gian don gia cuong mot tam dan GFRP. Tuy nhién, c6 10i giai sb
cua Siddique va El Damatty [5,6] cho cac mat cat dam thudc 16p 3 (non-compact sections) gia
cudng tim GFRP dé tang on dinh cuc bo cho ban canh dam. Mac du md hinh sé cua nghién
ctru hién tai tap trung vao viéc phan tich sirc khang uén tdi da cho cac mit cit lop 2 (compact
sections), no ciing cd thé ap dung dugc cho cac mat cit dam thuoc 16p 3 nham muc dich kiém
tra md hinh. Do vay, mé hinh sé duoc phét trién trong nghién ctu hién tai s& duoc chay thir
nghiém va so sanh két qua sic khang md men tbi da caa md hinh véi két qua da dugc bao céo
trong nghién cuiu cua Siddique and EI Damatty [5,6].

Mot dam thép c6 nhip 2.0 m va c6 mat cat ky hiéu 1a B1 trong [6] véi cac kich thudc
(b=150mm, t, =7.5mm, h, =150mm, t, = 7.5mm) dwoc gia cudng véi tam GFRP c6 chiéu
dy thay doi tir 0; 6.35 va 15.5mm. Thép dam c6 tng suat chay déo Ia 350 Mpa, md dun dan
hoi la 200 GPa. GFRP c6 suc khang pha hoai (kéo hoac nén) la 208.6 MPa va mo6 dun dan hoi
17.2 GPa. Vat liéu dinh bam c6 sic khang cat 1a 35 MPa. Dya trén tiéu chi von Mises, stic
khéng c6 hiéu cua chit két dinh tinh dugc 1a Fu=Fa=35+/3 =60.6MPa . Hai so d6 dim dugc so
sanh gdm dam conson chiu lyc tap trung ¢ dau ty do (ky hiéu 1a dam CF1 trong [6]) va dam
gian don chiu hai lyc tap trung & giira nhip (ky hiéu la dam SS2 trong [6]). Ludgi phan tir duoc
lya chon véi n, =20,n, =8 n,=n,=n,=4; n, =4, n;=40, n, =100 va n, =360.

Bang 1 thé hién gia tri lyc téi han tir md hinh md phong ¢ cac truong hop khac nhau
cling nhu so sanh véi két qua nghién ciu cua Siddique and El Damatty [6] (ldy tir két qua
trong céc hinh 8a va 9a trong [6]). Bang so sanh cho thdy mé hinh mé phong khé sat véi két
qua trong [5,6] véi sai s6 16n nhat chi la 0.4%. DPiéu nay khang dinh tinh chinh xac caa md
hinh dé xuat va sy tin cay caa mé hinh cho viéc khao sat anh huong cua chat két dinh toi su
lam viéc chung ctua dam thép gia cuong GFRP.

Béng 1: So sanh két qua luc t6i han (kN) caa mé hinh hién tai véi cac nghién ciu di cong bo [5,6].

So dd 1am Chiéu day tim | Kétqua mo hinh | Két qua cua Siddique and Sai s (%)

viéc [1] GFRP (mm) [2] mo phong [3] El Damatty (2013) [4] [4-3]/ [4]
Dam conson 0 41.0 41.0 0.0
CF1 6.35 46.1 46.3 0.4
15.5 51.8 51.9 0.2
DAm gian 0 230.3 230.3 0.0
don SS2 6.35 273.0 273.8 0.3
155 297.5 298.0 0.2

Dé minh hoa két qua 10i giai s6 cua nghién ctu hién tai, cc Hinh 3, 4, 5 thé hién bién
dang, mdi quan hé luc- d6 vong giira nhip, va cac tng suat cd hiéu trong tim GFRP va lép két
dinh cua dam thép gian don SS2 véi céc chiéu day tim GFRP tg=0.0; tg=15.5 mm. Trong d6
dam tran (Hinh 3a) bi phé& hoai theo dang mét 6n dinh cuc bo ban canh. Tir duong cong luc
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tac dung - do vdng gitta nhip (Hinh 4), ta x&c dinh duoc gid tri luc toi han (230.3 kN). Trong
dam gia cuong tim GFRP vai chiéu day 15.5mm (Hinh 3b), do ban cénh chiu nén duoc gia
cuong tim GFRP, nén mat 6n dinh cuc bo trong dam thép khong xay ra. Khi ng suét c6 hiéu
trong tim GFRP dat t6i stc khang pha hoai 208.6 Mpa, wng suit c6 hiéu trong 16p két dinh
méi dat toi 56.9 Mpa va nho hon sic khang pha hoai 60.6 Mpa caa né. Do vay, két cau duoc
xem nhu bi pha hoai theo dang phé hoai tim GFRP va gia tri luc t&i han 12 297.5 kN (Hinh 4).

(a) Dam thép tran gian don (tg=0) (b) Dam thép gia cuong GFRP (tg =15.5 mm)
Hinh 3. Bién dang cac dam SS2 vai mat cat B1 [6] dwgc md hinh hda lai bang 161 giai s6 trong nghién
ctru hién tai.

350 Pha hoai tim GFRP (297.502)

300 -
= 250
é - _><“"""‘- —_——
& 200 | I S
= 150 Mt 6n dinh cuc bd ban canh (230.313)
3]
2 100
—~ — tg=15.5mm

50 N N
— — —tg=0.0mm - Dam tran
0
0 50 100 150

Do vong gitra nhip (mm)
Hinh 4. Moi quan hé lyuc téi han (KN) va d vong gitra nhip cua dam SS2 véi mat cat B1 [6] duoc lay
tur [0 giai so trong nghién ctru hién tai.

s, Mises

S, Mises
(Avg: 75%)

(A 75%)

+1,7618+01
2.525e-01

(a) TAm GFRP (b) Lop chat két dinh
Hinh 5. Ung suat c6 hiéu von Mises (MPa) trong tim GFRP va lop két dinh tai thoi diém ng suét co
hiéu trong tam GFRP dat téi cuong d6 phé hoai, du dodn bai nghién ciu hién tai.
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3. PHAN TiCH ANH HUONG CUA LOP KET DINH TOI UNG XU DAM THEP GIA
CUONG GFRP

3.1. M0 ta két cau

Hai mau dam ddi chimg duoc sir dung nham khao sat sy anh huéng cua 16p két dinh téi
ng xtr ctia dam thép gia cudng GFRP (Hinh 6). Dam tht nhat cé nhip 2.5m, mit cit ngang
W150x18 dugc gia cuong bang tim GFRP day 15.5mm, dai 1.5m. Dam thu hai ¢6 nhip 6.5m,
mit cit ngang W410x46, chiéu dai va chiéu day tim GFRP gia cuong lan luot 1a 4.0m va
15.5mm. Vit liéu dugc cho nhu trong Hinh 2.

R I
Y Z

Ve
GFRP plate

a a
| L |

| I |
) Hinh 6. Dam thép canh rong gia cuong tim dan GFRP.
3.2. Anh huwéng sire khang phé hoai caa chat ket dinh
Khao sat dau tién xét toi tham sb sic khang pha hoai chat két dinh. Chat két dinh
Spabond 345 & 40°C [9,10,11] c6 mé dun dan hoi E,=3.0GPa dugc lya chon véi 4 gia tri
khac nhau cua strc khang pha hoai (F, =9.7; 24.9; 35; 50 MPa) (Hinh 7a).

O (MPa) Oy,
Fu=500r------------- =
Fu=35.01 — - ﬁt( Iz Jrovz
Fn=24.9 ———————— 74..1_ T
Fu=9.7 - - - _ v i )
& (b) Cac trng suat trong lop két dinh, t: ung suat
£E=3.0 4 s, X 7 N , I3
0 tiep; o, la tng suat phap doc truc; va oy trng suat
phép thang dung (¢ bé mat Iop két dinh s€ dugc

(a) Md hinh suc khang phé hoai goi 12 peeling).

Hinh 7. Khao sat anh hudng cua sic khang pha hoai 16p két dinh t6i céc wng suit trong I6p két dinh.

Bang 2 téng hop gi4 tri sirc khang uén mé men téi da ciing nhu dang pha hoai cua dam
véi cac loai 16p két dinh khac nhau. Ta nhan thay & ca 2 dam, véi 16p két dinh co sic khang
ph& hoai 16n hon thi m6 men khang cling tang 1én. Khi sirc khang pha hoai caa I6p dinh bam
du 16n (vi du truong hop Fu=50 MPa), dang pha hoai s& chuyén tir vi tri 16p két dinh (nhu ba
truong hop dau tién) sang pha hoai & tim GFRP.

Bang 2. Anh huong cua stc khang pha hoai 16p két dinh Fu téi sic khang md men cua két cau.

Ea Fu Dam W150x18 Dam W410x46

(GPa) | (MPa) | Dang phahoai | Mu (KNm)* Dang pha hoai Mu (kNm)
3.0 9.7 Lép két dinh 22.6 Lép két dinh 184.6
30 | 249 Lép két dinh 52.3 Lép két dinh 373.2
30 | 350 Lép két dinh 63.4 Lép két dinh 385.8
3.0 | 50.0 GFRP 65.0 GFRP 392.5

* MO men tai trong toi da duoc xéac dinh tir phan luc gdi va tai trong twong tng IGc phé hoai.
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Hinh 8 trinh bay sy thay doi (ng suit cit, ung suat phéap doc truc va tng suit phap theo
phuong dung (peeling) trén 16p két dinh tai cac vi tri khac nhau. Céc thanh phan ng suét con
lai dwoc bo qua vi ching rat nho. Mot s6 quan st co duoc nhu sau: (i) Cac tng suit déu tap
trung rat cao & khu vuc dau tim GFRP. (ii) Ung suat cit tai 16p két dinh c6 su khac biét giira
cac suc khang phé hoai cua l6p két dinh (Hinh 8a, 8d). Véi 16p két dinh c6 Fu nho (9.7 MPa
va 24.9 MPa), tng suat cit rat cao & bién va giam manh trong khoang z/L; tir 0 d&én khoang
0.1, va giam dan tir bién vao gitra nhip trong khoang z/L, tir 0.1 dén 0.5. Tuy nhién véi cac 1op
két dinh c6 Fu 16n bang 35 MPa va 50 MPa, sy thay ddi ting suat khong di theo quy luat nay.
Sau khi giam tir bién dén vi tri khoang z/L, =0.1, ing sut cat lai ting va thay ddi lién tuc
trude khi dat gia tri bang 0 & giira nhip. Céc gia tri ang suat & khu vuc z/L, tir 0.3 dén 0.5 nay
kha cao dé can bang véi do doc cac (ng suat phap doc truc trong hinh 5b (theo diéu kién can
bang wng suat vi md). (iii) Su phan b cua cac tng sut phap (Hinh 8b,c,e,f) kha gidng vai su
phan bd cua cac tng suat cit da thao luan. (iv) Cac (ng suét peeling chu yéu tap trung rét cao
& khu vyc dau tim GFRP (trong khoang z/Lr = 0.01) (Hinh 8c,f). O day ta nhan thay rang khi
stc khang pha hoai cua chat két dinh cao 1én, thi 16p két dinh s& chiu nhiéu tng suat cit va
cac ung suat phap hon ¢ dau dam va ca & khu vuc giira nhip. Nguoc lai, khi sac khang phé
hoai nhé, c&c ng suét cat va peeling chi tap trung cao & khu vuc dau dam.
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A
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(@) Ung suat cat dam W150x18 (b) Ung suat phap doc truc dam W150x18
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Ti 1é khoang cdch tir dau tam GFRP (z/Lr)
(c) Ung suat peeling dam W150x18 (d) Ung suat cat dam W410x46
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(e) Ung suat phap doc truc dam W410x46 (f) Ung suat peeling dam W410x46

Hinh 8. Anh huong cua stic khang tdi da cua Iop két dinh toi tng suat trong 16p két dinh khi pha hoai.

3.3. Anh huéng ciia mé dun dan hdi chit két dinh

Trong phan ndy, 4 loai chat két dinh véi céc gid tri mo dun dan hoi khac nhau Ea= 0.5
GPa, 1.0 GPa, 2.0 GPa va 3.0 GPa duogc lay lam tham s6 khao sat (Hinh 9). Trong khi do, ca 4
loai cung co suc khang pha hoai F, =24.9 MPa.
O (MPa)

Fu=24.9 -X---- X ---X---
E=3.0 (E=20 KE=1.4

3 E=0.5

0

Hinh 9. Khao sat anh huéng cia mé dun dan hdi 16p két dinh.

Dang pha hoai va gia tri md men khéang cua cac truong hop khao sat duoc tong hop tai
bang 3. Nhu ta thdy, gi4 tri md men khang ti 1 nghich véi gia tri mé dun dan hdi I6p két dinh,
c6 thé do 16p két dinh c6 md dun dan hdi nho hon chiu nhiéu tng suat cat hon (s& dugc thao
luan thém trong Hinh 10). Tuy nhién, sy thay doi vé md men khang la khdng nhiéu dbi vai ca
2 loai dam (chénh léch 16n nhat 12 17% véi dam W150x18). Sy thay d6i gia tri mé dun dan
hoi 16p két dinh ciing khong 1am thay d6i dang phé hoai cuia dam khi tat ca cac truong hop
déu pha hoai & 16p két dinh.

Nhan xét trén ciing hoan toan logic v6i su phan bd cua ing Suit cit va cac tng suit
phap trong I6p ket dinh nhu thé hi¢n trong Hinh 10. Quy luét bién thién cua cac gia tri ung

Suit nay déu gidng nhau ddi vai tat ca cac dang 1op két dinh duoc khao sat, twong déng véi ca
2 loai dam.

Bang 3. Anh huéng ciia md dun dan héi 16p két dinh E t6i stiic khang udn tbi da cia két cau.

Ea Fu Dam W150x18 Dam W410x46

(GPa) | (MPa) Dang pha hoai Mu (KNm) Dang pha hoai Mu (kNm)
0.5 24.9 Lép két dinh 63.0 Lép két dinh 395.0
1.0 24.9 Lép két dinh 62.5 Lép két dinh 386.0
2.0 24.9 Lép két dinh 52.5 Lép két dinh 374.0
3.0 24.9 Lép két dinh 52.3 Lép két dinh 373.2
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Vi mét sticc khang pha hoai 24.9 MPa, ta cé duoc quan sat dugc tir Hinh 10 nhu sau: (i)
Lép két dinh chiu nhiéu tng suat cat hon véi vat lidu két dinh c6 mé dun dan héi nho hon,
didu nay duoc thé hién qua sy phan bé thoai hon cua tng suat cit doc theo chiéu dai dinh két
(Hinh 10a,d). (i) Ung suét cat rat cao & bién va giam manh trong khoang z/L, tir 0 dén khoang
0.1. (iii) Céc ung sut peeling chu yéu tap trung cao ¢ khu vuc dau tim GFRP (trong khoang
z/Lr = 0.05) (Hinh 10b,e). Nhu vay céac Gng suét cit va peeling chi chi yéu tap trung ¢ khu
vuc bién. Trong khao sat nay, cac ing suat phap doc truc (Hinh 10c,f) ciing tap trung khé cao
& ving bién. Tuy nhién, & khu vuc gitta dam, cac ung suat phéap doc truc 1a khé thoai va nho
hon céc gia tri ¢ bién.

Trong cac Hinh 10a va 10d, tng suat cét du doan bai md hinh phén tich caa Smith and
Teng [12] ciing dugc trinh bay. Cac ung suit nay duoc xay dung dua trén gia thiét vat ligu
dan hoi. Céc tng suat cit dwa trén nghién cau [12] la doc hon nhleu SO Vi cac g suét trong

nghién ctru hién tai. Nghién cau hién tai co xét dén yéu tb phi tuyén vat liéu va phan tich két
cau phi tuyén.
16 20
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(c) Ung suat phap doc truc dam W150x18 (d) Ung suat cat dam W410x46
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(e) Ung suat peeling dam W410x46 (f) Ung suat phap doc truc dam W410x46

Hinh 10. Anh huong cia mo-dun dan hdi cia I16p két dinh téi tng suat trong 16p két dinh khi pha hoai.
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4. KET LUAN VA KIEN NGHI

Bai bao da gisi thiéu mot nghién ciru s6 dwa trén phan mém Abaqus nham danh gia ang
xt ctia dam thép canh rong gia cuong udn bang tim GFRP. M6 hinh sb cho phép xac dinh sirc
khang md men udn téi da cua dam ciing nhu sy thay ddi cac trudng ¢ng suat trong 16p két
dinh. Dya trén mé hinh dé xuét, cac khao sat vé anh huong caa 16p két dinh duoc thuc hién.
Cac két qua khao sat chinh bao gém: (i) Khi stiic khang pha hoai cua chat két dinh cao 18n, thi
I6p két dinh s& chiu nhiéu wng suét cat va ang suat phap hon ¢ ving bién va ca & khu vuc
gira nhip. Bén canh d6, khi sirc khang phé hoai nay nho, cac tng suat cat va tng suit phap
theo phuong dung (peeling) chi tap trung cao & khu vuc nho ¢ bién (dau tim GFRP). (ii) Khi
c6 cting mot stc khang pha hoai, 16p két dinh chiu nhiéu ¢ng suét cat hon déi véi vat lidu két
dinh c6 mé dun dan hdi nho hon. (iii) Vi 16p két dinh c6 siic khang pha hoai I6n hon thi md
men khang cua két cau ciing ting 1én. Khi siic khang phé hoai cua I6p dinh bam du Ion, dang
pha hoai s& chuyén tir vi tri 16p két dinh sang phé& hoai & tim GFRP. (iv) Gia tri mé men
khéang ti 1& nghich véi gia tri md dun dan hoi 16p két dinh, c6 thé do 16p két dinh c6 md dun
dan hoi nho hon chiu nhiéu tng suét cat hon.

Nghién cau trinh bay trong bai béo 1a mot budce trong qué trinh nghién ciru dé xuat chiéu
dai phat trién caa tim GFRP. Nhu quan séat duoc, Cac ing suat cat va ing suat phap peeling
chu yéu tap trung trong khu vuc chiéu dai z/L, tir 0 ti 0.1. Nhu vay mot chiéu dai phat trién
c6 thé tam dé xuat l1aL, =0.1L, . Tuy nhién, nghién ctu nay can dugc mo rong dé xem xét
thém anh huang cua chiéu dai va do day cia tim GFRP, ciing nhu cac loai dam va vat liéu két
dinhvéi cac dic trung, kich thuéc khac nhau, va bé mat lién két gitra cac vat lieu dé dé xuat
mot chiéu dai phat trién hop Iy hon. Dua trén mot cdng thirc hop 1y cua chiéu dai phat trién, ta
c6 thé duoc xay dung dugc mot md hinh don gian héa dé tinh toan suc khang ubn téi da cua
két cAu thép gia cuong tim GFRP.

LOI CAM ON

Céc tac gia chan thanh cam on Quy phat trién Khoa hoc va Céng nghé qubc gia da tai tro cho
nghién ciru nay trong khuén kho dé tai ma s6 107.02-2019.12.
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