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Abstract. The investigation of elastic buckling in steel trusses strengthened with FRP sheets
is of great importance for enhancing structural performance and durability, especially in the
context of increasing demand for lightweight and efficient materials. This study proposes a
simple closed-form solution, derived from the variational principle of structural strain energy,
to evaluate the critical load and buckling mode of FRP-strengthened steel truss members. The
proposed formula was verified against numerical solutions obtained from structural analysis
software, demonstrating good agreement and confirming the accuracy and applicability of the
analytical model. A parametric study further revealed that (i) FRP sheets with fibers oriented
at 0° provided the highest buckling resistance, whereas sheets with angles equal to or greater
than + 45° had negligible influence, (ii) the buckling load increased linearly with the thickness
of the FRP sheets, and (iii) FRP strengthening proved to be highly effective in improving the
stability of steel trusses. These findings highlight the feasibility of the proposed approach and
provide a useful scientific basis for the practical design and strengthening of steel truss
structures with FRP materials.
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Tom tit. Viéc nghién ciru mat on dinh dan hoi cua két cAu dan thép gia cuong tim FRP ¢ ¥
nghia quan trong trong viéc nang cao kha nang chiu lyc va do bén cong trinh, dac biét khi nhu
cau str dung cac vat liéu nhe, bén va hiéu qua ngay cang gia tang. Nghién cttu nay xay dung
mot cong thic nghiém kin don gian, dua trén ly thuyet bién phan cua thé ning bién dang két
cau, nham tinh toan tai trong toi han va dang mét 6n dinh cua thanh dan thép co gia cuong
FRP. Két qua tinh toan tr cong thirc dugc kiém ching va cho thay sy phi hop véi loi giai s6
bang phan mém phan tich két cau, _chung minh tinh chlnh xac va kha nang trng dung cua moé
hinh. Thong qua phan tich tham s6, nghién ctu chi ra rang () tam FRP voi huéng soi 0° tao
ra tai trong mat 6n dinh Ién nhét, trong khi cac tam c6 goc bang hodc I6n hon + 45° gan nhu
khong anh hudng dén tai trong, (ii) tai trong mat on dinh ting tuyén tinh theo chiéu day tam
dan, va (iii) viéc sir dung FRP mang lai hiéu qua rd rét trong gia cuong dan thép. Nhing két
qua nay khang dinh tinh kha thi cua cong thic dé xuat, dong thoi cung cap co sé khoa hoc
hitu ich cho thiét ké va gia cudng két cdu thép bang vat liéu FRP trong thyc tién.

Tir khoa: 6n dinh, thanh dan thép, gia cudng tim dan FRP.

@ 2025 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

Hién nay trén thé giéi ndi chung va ¢ Viét Nam noi riéng, cac két ciu dan thép da va dang
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duoc st dung trong nhiéu linh vyc cua cudc song vi nhidu wu diém ndi bat cua ching. Ching
¢6 uu diém 12 c6 thé ché tao sin, thi cdng nhanh va gon nhe, kha ning vuot nhip/tinh khong
tuong d6i 16n, gia thanh phai ching so véi cac dang két cAu bang vat liéu khac. Mac du vay,
cac cau kién thép khai thac trong mot khoang thoi gian trung binh va dai cé thé bj dn mon 1am
giam tiét dién va anh huong téi kha ndng lam viéc cua ching. Vén de nay co thé gay anh
huong va lam giam mot phan nao d6 kha nang chiu tdi trong cua két cau. Trong cac két cau
thep ¢o cAu kién bi khiém khuyet nhu trén, néu diéu kién cho phép thi co6 thé stra hodc thay
thé cau kién bi hu hai bang ciu kién méi. Tuy nhién, c6 nhiéu két cAu c6 cau kién bi khiém
khuyét nhung van phai 1am viéc dé phuc vu nhu cau van hanh khai thac. Lac ndy, cin c6 mot
giai phap sta chita gia cuong kha nang chiu luc cho dang két cau ndy. Gan day, viéc gia
cuong két cau thép bang cac tam dan FRP dang duoc nghién ciu 4p dung nhu 13 mot giai
phép tiém nang.

Tam polyme gia cuong soi thuy tinh (FRP) thuong dugc xép chong tir cac 16p FRP truc
hudng dé tao thanh céc tim twong d6i day c6 kha ning chiu tng sut kéo, nén, cat [1-3]. Dua
trén ty 18 d6 bén trén trong luong cao va kha ning chdng dn mon tét, tim FRP ngay cang
dugc st dung 1am vat liéu cai tao cho dam/cot thép [3-6]. Tam FRP c6 thé duoc lién két voi
thép bang céch sir dung céc 16p keo mong c6 mo dun dan hoi thuong thap (so véi thép va vat
liéu FRP), do d6 tao ra sy twong tac mot phan gitta thanh phan thép va tim FRP. Bén canh do,
bién dang cat va trinh ty xép chong tam FRP ciing c¢6 tac dong déang ké dén hanh vi xoan cua
cac két cau composite [7, 8]. Céc tac dong nhu vy trong cac thanh phan thép duoc gia cuong
bang FRP ¢6 thé dugc ndm bt mot cach dang tin cay bang céch sir dung phén tich phan tur
hitu han ba chiéu (3D FEA). Tuy nhién, c4c giai phap FEA thuong lién quan dén nd luc dang
ké dé xay dung cac mé hinh va chung lién quan dén nd lyc tinh toan cao. Do d6, mot thiét ké
hiéu qua cho cac thanh phan thép gia cudng FRP doi hoi phai phét trién cac giai phép dang
khép kin vira don gian vira du chinh x&c (so véi cac giai phap FEA 3D).

Dé dy doan kha nang mat 6n dinh caa ciu kién dam/cot nhiéu 16p, mot sb 1oi giai giai tich
da duogc phat trien dua trén cac phuong phap xu ly dong hoc khac nhau [9-14]. Girhammar va
Pan [10] da phat trién mot giai phap udn xoan cho cac cau kién hai Iop. Tuy nhién, anh huong
cua bién dang cit va twong tac ban phan gitra cac |6p da bi bo qua trong nghién ctu cua ho.
Challamel va Girhammar [11] d3 d& xuat mot 1oi giai cho uén xoan ngang cua dam composite
nhiéu 16p, nhung lai b6 qua bién dang cat. Schnabl va Planinc [12] da phat trién mot ly thuyét
bién dang khéng cat cho phép phan tich uén khong dan hoi caa cac cot composite hai 16p.
Kabir va Seif [13] d& phat trién mot loi giai phan tich mat 6n dinh xo4n ngang cua dam thép
chir I gia cuong tim FRP ma khong xét dén anh huong bién dang cat. Shojaee va cong su [14]
da phat trién mot phuong phép phan tir hitu han dang hinh hoc dé phan tich d¢ véng cua cac
tam composite nhiéu I6p. Nhin chung, céc loi giai cua cac nghién ctu trén ¢ thé khong ap
dung dugc cho cac thanh dan thép dugc gia cudng bang céc 16p FRP tryc hudng bang cach sir
dung cac 16p keo mong, trong do tuong tac gitra theép va l6p khong dat dugc hoan toan (tuc la
tuong tac mot phan) Ngoai ra, viéc bo qua bién dang cit trong tim FRP trong bai toan udn
xoan di dan dén viéc dy doan thap dang ké ddi véi cac phan tng cua hé thong, nhu da dugc
chi ra trong cac tai lieu [9, 15]. Gan day, Phe [15] d phat trién mot 10 giai tong quat dé du
doan tai trong méat 6n dinh cho cau kién dam-cot gia cuong tim dan FRP, tuy nhién loi giai
cho két cau thanh dan chua dugc thuc hién.

Dya trén boi canh nay, nghién cau hién tai s& diéu chinh mot 1y thuyét tong quat va xay
dung mét céng thae nghiém kin méi, don gian dé du doan tai trong mat 6n dinh cua thanh dan
thép dugc gia cuong bang cac tam dan FRP. Cong thac nay cé xem xét tinh chat truc hudng
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clia tim FRP véi huéng soi, do cing cac I6p va chiéu day tim khac nhau. Anh huong cua
bién dang cat va bién dang oan (warping) cling dugc Xxem xét trong nghién curu nay.

2. MO TA BAI TOAN

Xét mot két cau dan minh hoa nhu trinh bay trong hinh 1a. Nghién cau hién tai xem xét
cac thanh dan l1am viéc theo so do hai dau khép va chiu lyc nén P (hinh 1b). Thanh dan nay
duoc gia cuong bang hai tim dan giéng nhau vao hai ban canh caa thanh dan (hinh 1c, d).
Céc kich thudc mit cit ngang cua thanh dan thép, cac tim dan, 16p két dinh duoc thé hién
trong hinh 1d. Vat liéu thanh dan 1a thép, trong khi d6 cac tim dan c6 thé 1a thép hoic vat liéu
FRP. Lop két dinh c6 thé tao ra twong tic hoan toan hoic ban phan gitra thanh dan va tAm
dan. Nghién cuu hién tai s€ xay dung loi gidi nghiém kin tong quat dé du doan tai trong mat
6n dinh cho thanh dan thép gia cuong bang cac tam dan nay. Két qua loi giai nghiém Kin s&
dugc so séanh kiém chung vai két qua moé phong sé trong phan mém tinh toan thwong mai
ABAQUS.

® \ \
L L L L L L
(a)
| - |
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N SN
A___% . ~——b— ,
Tam dan 1 Lop ket dinh 1 } ——— — gl
| [ ‘ = | :‘ tn.’
fn' T t/
7=0 Z Thanh dan thé -
e L e hhy 0 X
r T m _*l;#l:r t.f
| . § ] [ ° | )
Tam dan 2 Lop ket dinh 2 ‘ y
% —b;— g2
A e—
(c) (d)

Hinh 1. M6 ta bai toan va cac kich thudc.
3. TOM TAT LY THUYET TINH TOAN TAI TRONG MAT ON PINH

Nghién ctu ciia Phé [15] da phat trién mot ly thuyét tong quét va cac bai toan trj riéng dé
du doan tai trong mat 6n dinh cua cau kién dam-cot thép gia cuong hai tim dan ngoai. So do
bién dang cia mat cit ngang truéc khi va ngay khi mat 6n dinh duoc thé hién trong hinh 2.
Tuong tac ban phan giira cAc tim dan va thanh dan qua lop chat két dinh yéu dugc xem xét
trong mé hinh nay Khi két Cau bi ubn phang (hinh 2a, truéc khi mat 6n dinh xay ra), bién
dang trén mit cat ngang cua cau kién gom 4 thanh phan chinh, 1a chuyén vi doc truc W, cua
thanh dan, chuyen vi doc truc Wip ctia tim dén 1, chuyen vi doc truc Wop ctia tim dén 2, va
chuyen vi thang dung Vp cua ca 3 vat licu. Khi mét 6n dinh xay ra (hinh 2b), blen dang trén
mit cit ngang cua cau kién dugc mo ta boi 4 chuyen vi chinh, gém chuyen vi nam ngang Uy
cua thanh dan thep, chuyén vi nam ngang Usp caa tdm dan 1, chuyén vi nam ngang Uz, cua
tam dan 2 va chuyén vi géc xoay Oz cua ca ba vat liéu.
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V6i gia thiét bién dang nhu vay, cac trudng chuyén vi dia phuong va cac bién dang tai cac
diém trong vat liéu dugc dién giai theo cac trudong chuyén vi chinh néu trén, tng suit duoc

gia thiét lién hé véi bién dang thong qua dinh luat Hook trong giGi han dan hoi [15]

T4m déan 1
Wi

-

Thanh dan

T

U, %‘ y
Trudc khi mdt 6n zb

Trude bién dang  Sau bién dang dinh Khi mat 6n dinh
(a) (b)
Hinh 2. Bién dang cuia thanh dan thép gia cuong (a) khi uén phang (b) khi mat on dinh xay ra.
Thé ning toan phan 7z cua hé duoc thiét 1ap dua trén déng gop cua cac bién dang phap
tuyén doc truc, bién dang cat phang, xoan St Venant va xoan oan. Mat 6n dinh xay ra khi bién
phan bac hai ciia thé ning bién dang bang 0, va dugc dién giai nhu sau:

1. 1/
5(55 ”):5[5(5 U +52\/)}=o 1)

Trong d6 U la thé ning pién dang tong cong cua hé khi mat 6n dinh xay ra, va V la thé
nang cua tai trong ngoai. Bién phan bac hai cua cac nang lugng nay duoc dien giai trong cac
phuong trinh (2, 3) nhu sau:

52U = j sU/(2) 59;;(z)>{ESISW 0 H‘SU'( )}dz j N, {(wg)% '“*:S'W (591’b)2}dz

0 El..||005(2)

S 'S, w0
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L
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)
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g sl 2
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-4 2d,,, 4 ||6U,(

L
+[, 304 (2).(G,23.2) .50} (2)dz
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Bién phan bac hai cua tai trong do luc doc truc P gy ra la

2
5N =-P.y, | 50,(z,)] ©)
Céc dic trung hinh hoc mit cit ngang trong phuong trinh (2) dugc tinh toan nhu sau:
=(h-2t, )t /12+2t,b% /12, a,, =1/4t2, 8,,, =1/4t%,,
|, =2 bt} 12t (n,/2)" |+, (h—2t )’ 2, Kiy =Guluy@uor  Kuny =Guslun s
S [o10] = h b tf /24+ 2b tf /144 + h 2t /144 kal,a = GalAalaal,o’ kaz,a = GaZAaZaaZ,ol
‘]s =2bt?/3+(h_2tf)tvsv/3’ Aalztalbll Aazzta2b2' (4)
A =2bt, +(h-2t,)t,, Ly =tabl /12, gy =t /12,
‘]al =|:( f gl)/2:| Aal |: +tgl /Zta1:| blta1/3 dal,o = h + 2ta1 +tgl’ daz,o = h + 2ta2 +tg2’
Jaz = [tgz/zj AaZ +[tgz/ta2:| b t32 /3 hal,o = hb -t _tgl _Ztall haz,o =h _tg2 _Ztaz

Cac dac trung vat liéu trong phuong trinh (2) bao gom: E, va G, la cac mo dun dan hoi
va mé dun cit cua vat liéu thanh dan thép. G

ai!

Bjis1 Byiss (1=1,2) 1a ddc trung vat liéu ciia

tam dan FRP. Pic trung nay phu thudc vao do cing cua cac lop (lamina), sé luong 16p, va
goc hudng dan (stacking angle orientation angles). o cing rut gon caa l6p tha k cé thé tinh
nhu sau [7,8]:

Qk,ll = Ekz/(l stvsz) Qk,12 =st Ek,s /(1 stvsz) Qk,22 = Ek,s /(1 stvsz ) Qk,66 = Gk,sz (5)

O day, E,,, E.,, Gy, VA V, 5, Y, , 1a md dun dan hdi, mé dun cit va h¢ sb poat-xong
cua lop k [7,8, 15]. Cac do cung quy doi theo goc hudng soi 7, cua lop k (hinh 3) dugc tinh
nhu sau:

Qk 1 =Qu cos’ Ve t Z(Qk,lz + 2Qk,66)5in2 Yk cos’ Ve + Qi sin Vo

Quiz =(Quar +Quze —4Q 6 )5IN° 7, €OS” 7, +Q, 1, (siN* 34 +c08* 1, ),

Q22 = Quas SIN* 7 +2(Qy 1, +2Q, 45 )8In* , €0S” 7, +Q, , €08 7,

Qs =(Qss = Quzr —2Qu 66 )5in 7, €05° 7, +( Q12 = Q2o +2Q, 55 )SIN° 7, COS ¥4,
Q26 = ( Qs ~Quso —2Q, 6 )5IN° 7, €08 74 +(Qy 1, = Qy 2 +2Q, g6 )SiN 7, COS° 7,
Ques =(Qus + Q2o —2Qu 1 —2Qk 66 )SIN° 7, €0S° 7, +Q g5 (siN* 3, +c0s* )

k,sz ?

(6)

Lop 1 /
Yol 5 ( Lép 2
LB e )|
Vi ;}7_"'1 l_ &
\I Lop k \} 'y
! Lop n <

Hinh 3. Toa d6 va xap xép céc lop (lamina) cua mot tam dén [7, 8, 15].
Cac do cung hiéu dung cua tam dan dugc tinh theo ly thuyét vat liéu composite nhu sau:
n ~ — —
Bgi,ej = Zk:le,ej (Yk+1 — Y« ) (7

& day e, j=12,..,6. Dya trén phuong trinh (7), cac do cing cia tim Byizi |§gi,66 trong
phuong trinh (2) tinh dugc nhu sau:
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I§gi,11 = Bgi,ll - Bgzi,12/Bgi,22 1 I§gi,ee = Bgi,ee - Bgzi,ZB/Bgi,ZZ (8)

Doi voi cac tim dan c6 16p vat ligu dang huong(nghia 1aE,, =E, , =E;,G,, =G, ), cic
d6 cang cua tAm dan duoc don gian hoa nhu sau:
Bgi,llbggi /12 = Egi I Yy, gi? Bgi,66bgi = Ggi Bgi ©

O dayl,, 4, By, Iy 1,04 12 MO men quan tinh quanh truc Y, dién tich mat cét ngang, hang
s0 xoan St. Venant va hang s6 xoan oan warping cua mat cat ngang tam dan. .
Trong Cong thic (2), ky hiéu N, (z)la noi luc doc truc trong két cau truéc khi mat on

dinh xay ra.

4. PHAT TRIEN CONG THU'C NGHIEM KiN TINH TOAN TAI TRONG MAT ON
PINH THANH DAN HAI PAU KHOP

Trong nghién ciru ndy, ta xem xét cho trudng hop thanh dan hai dau khop chiu tac dung
cua tai trong dung tdm doc truc. Céc chuyén vi chinh thoa man diéu kién bién hai dau khop
dugc gia thiét nhu sau:
8U, (z) =éu,sin(az), 86, (2)=0, 8U,, (z) =6uy,sin(az),

80,,(2) = 60,,, cos(az), 8U,, (2) = Suy, sin(az), 50,5, (2) = 60,,, cos(az) (10)

N§i luc trong két cau khi udn phang (truéc khi mét on dinh) 1a N (z)=P. Thay tai trong
nay va cac ham chuyén vi gia thiét trong phuong trinh (10) vao cac phuong trinh (2), (3), va
(1), ta ldy bién phan bac hai theo véc-to chuyén vi (Su, 6, Su, 68, OU,, 06,,,)se
thu duoc cong thac tri riéng sau:

[[ K. ]6><6 _[Kg :|6><6:|{A}6><1 =0 (11)

Trong d6 ma trén d6 ctng [ K, | duoc dinh nghia nhu sau :

Kiy  Kuy @ K Aok, | ke, | —daky,
0 Koy —2Zmalae 20Ky Ny, +2K, 0, +2ak, h,,
(K], = g 4444444 - 8 4444444444444 k ((3)3) 4444444 _akggleebl 4444444 T 83 4444444444444444 (12)
f ey f

0 0 o 0 Kess) B, b

0 0 0 0 0 Kese)
o day ) _
Ky = a‘El,, +4aky , +8Ky 4Ky, + 8Ky,
Ko = 20Ky Doy o + 2Ky ol o = 20K, N o 270000200
Koz = El,o' +Gla® +a’Ky Ny of + Ky aOao” + 0K hano” +Kapalazo's
Kz = By 6ol + 4Ky
Kiaay = @ Byui® /124 By gy +4K,, o s Koo = @7 Byp e + 4K, 5,
Kes) =@ Byau} /124 B, b +4 1, VA a=7/L.

Va ma tran hinh hoc [Kg] duoc dinh nghia nhu sau:
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2
[Kg:lexe - (%j (13)
Thay c&c phuong trinh (12) va (13) vao phuong trinh (12), ta c6
Ky — P’ Kuz) ~aKy, , ~dak,, ~4k,, , ~dak,,, | 5 .
Kio Ko =Pty )@ A 2kt 20K Ny #2200k, || 59 | o
—4Ka1 —2Ky140a1,0 k(s,s) @ I§gl,eeb1 0 0 ou,, 0 (14)
~4ak, ~2aky Ny —aBy b, Kiw 0 0 80, |0
4Kz +2Ka52042, 0 0 Kss) —aB, b Sy 0
“dak, Y2ak,, 0 0 “aB, b Koo |\00e) 10

Trong phuong trinh (14), ta chu ¥ véc-to cua cac Chuyén khac khac 0, diéu nay nghia l1a
dinh thirc cua ma tran vudng 6x6 phai bang 0, dan téi két qua loi giai nghiém Kkin cua tai trong
mat on dinh nhu sau:

7El,,, (7 Byub® /120 + 7° B, b5 /12017 ) (4K, + 4K,y oy + By gely + By b))
= =+

_ _ 2 i 15
o L2 (7% Byyuub® /121° + 2% By, 115 /1201° )+ (4K, + 4Ky ) + By gl + By D) (19)

5. KIEM CHUNG LOT GIAI

Pé kiém chiing cong thic (15), mot 1oi giai khac dya trén mé phong sé trong phan mém
ABAQUS duoc thuc hién. M6 hinh thanh dan gia cudng hai tim dan ngoai duoc tao bai cac
phan tir khéi C3DSR. Pé kiém soat ludi phan tir hitu han, 9 thdng sé doc 1ap 1a s6 phan tu trén
cac canh cua khdi dam duoc dé xuat va ky hiéu 1a na, nz, ns, na, ns, ne, N7, Ng, Ng (hinh 4). Cac
diéu kién bién, tai trong &p dung, va nghién ciru lugi cia md hinh s duoc thuc hién mot cach
tuong tu nhu trinh bay trong nghién cau [15]. Hinh dang mat 6n dinh theo mode 1 cua thanh
dan dugc thé hién trong hinh 5.

Thi du kiém chang s& dugc thuc hién cho mét thanh dan c6 chiéu dai nhip L = 5,0 m va
mit cat ngang c6 cac kich thuéc: h = 266 mm, b = 148 mm, tr = 13 mm va tw = 7,6 mm.
Thanh dan dugc gia cudng hai tam FRP day 20 mm thdng qua céc 16p két dinh day 1 mm. Mo
dun dan hoi va hé sé Poat-xong cua thép 12 Es = 200 GPa va p = 0,3. Con cua I6p két dinh Ia
Ear = 3,182 GPa va p = 0,3. Hai loai tim FRP duoc xem xét. Trong d6 Loai 1 1a tim FRP
dang hudng véi mé dun dan hoi va hé s Poat-xdng 13 Ex; = 36,87 GPa va pks, = 0,33. Loai 2
la tim FRP truc huéng duoc tao boi 16 16p GF600 xép theo trinh tu goc la
(0/90/90/0/0/90/90/0)_. So sanh kiém chung két qua: Tai trong mat dan hoi: Doi V6i

truong hop loai 1 khi thanh dan thép gia cudng bang 2 tam FRP dang huong, tai trong mat 6n
dinh tinh dwoc dya trén phuong trinh (13) 1a 712,5 kN, con tai trong mat on dinh cua loi giai
s6 trong phan mém ABAQUS la 712,9 kN, twong ng véi mot su khéc biét rat nho 13 0,1%.
Dbi voi truong hop loai 2 khi thanh dan thép gia cuong bang 2 tim FRP tryc huéng, tai trong
mét 6n dinh tinh dwoc dua trén Phuong trinh (13) 1a 658,0 kN, va cua 1oi giai s6 12 698,6 kN,
tuong tng vai sy khac biét 1a 5,8%. Nhu vay, ¢ thé néi tai trong du doan bai cong thic (15)
la phu hop tét vai 1oi giai s6 trong phan mém ABAQUS.
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Dang mat 6n dinh: Hinh 6 so sanh dang mat on dinh gitra 1o giai s6 ABAQUS va loi giai
cua nghién ctu hién tai. Két qua so sanh cho thay dang mat dinh caa hai loi giai la giong

nhau.

Tam dan 1

Ny R 16p kit dinh 1
Hglidiiiimiii:
nsli Thanh dan thép
Mglacizinmg .
J'il':: el Lap két dinh 2
) R R Tém dén 2
.ﬂ'; ”ﬁ

SRR RN
HIEETRIHIEE HIEEEIEE

Swon tang
cuong ban bung

Hinh 4. M hinh héa theo sb luong phan tir doc theo cac canh thanh dan trong ABAQUS.

Hinh 5. Hinh dang mét on dinh xoan ngang ctia dam trong i giai s6 ABAQUS.

..... B ABAQUS

Phueong trinh 12

0.0
0 1 2 3 4 5
Toa dé doc truc (m)
(a)

Gée 8 (Rad)

8.0E-04
6.0E-04
4.0E-04
2.0E-04
0.0E+00
-2.0E-04
-4 0E-04
-6.0E-04
-8.0E-04

------ e 58y1h, 58y2b_ABAQUS
60y1b, 68y2b_ Phuwong trinh 12

Toa do doc truc (m)

(b)

Hinh 6. So sanh dang mat 6n dinh giira 1oi giai nghién cau hién tai vai 1oi giai s6 ABAQUS.
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6. NGHIEN CUU ANH HUONG CUA CAC THONG SO TOI TAI TRONG MAT ON
PINH

Dua trén phuong trinh (15), nghién ciiu théng sb thay doi cua vat lidu tim dan duoc thuc
hién dé 1am rd anh huéng cua chlng téi tai trong mat 6n dinh caa két cau thanh dan. Trong
pham vi nghién ciu, hai anh huéng dugc xem xét, gdm anh huong caa goc xép 16p cua vat
lieu composite cua tim déan va anh huéng cua chiéu day tdm dan. Két cau thanh dan gia
cuong tim FRP truc huéng trong muc Kiém ching duoc lay 1am truedng hop tham chiéu. Géc
xép 16p cua cac 16p vt lidu dugc thay ddi theo thir ty + i, trong d6 i = 0, 10, 20, 30, 45, 60,
70, 80 va 90 do. Do day cua tim dugc thay doi tir 0 téi 40 mm tao boi cac 16p day 1,25 mm
va c6 goc hudng soi 0 do. Khi mot thong sb thay ddi, cac théng sé khac duoc gitt nguyén nhu
cta trudng hop tham chiéu.

6.1. Anh huéng ciia géc xép cac 16p

Hinh 7a thé hién méi quan hé gitra goc xép 16p hudng soi va tai trong mat 6n dinh. C6 thé
quan sat thiy rang tai trong mat 6n dinh dat gia tri cao nhat 1a 712,5 kN véi cac tdm dan co
goc huéng soi 0 do, gia tri nay ciing bang tai trong mat 6n dinh cua tam dang hudng. Tai
trong nay giam dan tir 712,5 kN xudng 607,7 kN (twong tng 14,7%) khi goc huéng soi thay
d6i tir 0 toi + 45 do. Khi goc hudng soi nam trong khoang tir + 45 do téi £ 90 d9, tai trong
mét on dinh chi giam nhe tir 607,7 kN xuéng 600,7 kN, giam nhe 1,2%.
6.2. Anh hudng ciia chiéu day gia cwong

Hinh 7b thé hién mdi quan hé giira chiéu day tim dan c6 goc hudng soi 0 d6 va tai trong
méat 6n dinh. Méi quan hé nay dugc thay la tuyén tinh, trong dé tai trong mat 6n dinh ting tir
555,3 kN 18n 869,7 kN (ting 56,6%) khi d6 day tim gia cudng ting tir O téi 40 mm.

720 900

g g800
2 670 E}
ks ks
g g
] it}

= =700
g g
on a0
g 620 g

=} £2600
& =]
& =

570 500

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40

Géc xép 16p hréng soi + y (rad) Po day tam gia cudng (mm)
Hinh 7. Anh hudng cua (a) goc hudng soi, (b) d6 day tam dan tai tai trong mat on dinh caa két cau

thanh dan.
7. KET LUAN

Nghién ctru hién tai da xay dung thanh céng mét céng thirc nghiém kin don gian, dya trén
ly thuyét bién phan caa thé ning bién dang két cau, dé tinh toan tai trong mat 6n dinh dan hoi
cua thanh dan cua két cAu dan thép. Loi giai tai trong va dang mét on dinh cia cdng thirc da
duoc so sanh va phi hop xuit sic véi cac md phong sé thuc hién trong phan mém ABAQUS.
Dua trén cong thuc nghiém kin, nghién cau anh huong thong s6 da chi ra rang anh huong cua
tam dan c6 goc hudng soi 0 d9 tao ra tai trong mat on dinh lon nhét, trong khi cac tam c6 goc
khong nho hon + 45 gan nhu khong thay doi tai trong méat 6n dinh. Bén canh do, nghién ctu
thong sé ciing cho thdy tai trong mat 6n dinh tang tuyén tinh vai chiéu day tAm dan.

1252



Transport and Communications Science Journal, Vol 76, Issue 09 (12/2025), 1243-1253

LOI CAM ON 9 ,
Nghién ctru nay dugc tai tro boi Quy Phat trién khoa hoc va cong nghé Quoc gia
(NAFOSTED) trong d¢ tai ma s6 107.02-2023.54.
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