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Abstract. The investigation of elastic buckling in steel trusses strengthened with FRP sheets
1s 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, (i1) 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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Tém tit. Viéc nghién ctru mat on dinh dan hoi cua két ciu dan thép gia cuong tam FRP co y
nghia quan trong trong viéc nang cao kha nang chiu luc va do bén cong trinh, dic biét khi nhu
cau str dung cac vat liéu nhe, bén va hi¢u qua ngay cang gia tang. Nghién ctru nay xay dung
mot cong thire nghiém kin don gian, dya trén ly thuyet bién phén cta thé ning bién dang két
cAu, nham tinh toan tai trong t4i han va dang mat on dinh cua thanh dan thép c6 gia cuong
FRP. Két qua tinh toan tu cong thirc dugc kiém chting va cho thay su phu hop véi 101 giai s6
bang phan mém phan tich két ciu, _chimg minh tinh chinh xac va kha nang tmg dung cua mé
hinh. Thong qua phan tich tham s6, nghién ctu chi ra rang (1) tam FRP voi hudng s¢1 0° tao
ra tai trong mat 6n dinh 16n nhat, trong khi cac tam ¢6 goc bang hodc 16n hon + 45° gan nhu
khong anh huong dén tai trong, (ii) tai trong mat 6n dinh ting tuyén tinh theo chiéu day tim
dan, va (ii1) viéc sir dung FRP mang lai hiu qua rd rét trong gia cuong dan theép. Nhimg két
qua nay khang dinh tinh kha thi cta cong thirc dé xuat, dong thoi cung cap co so khoa hoc
hiru ich cho thiét ké va gia cuong két cdu thép bang vat liéu FRP trong thuc tién.

Tir khoa: 6n dinh, thanh dan thép, gia cuong tdm dén FRP.

@ 2025 Truong Pai hoc Giao théng van tdi

1. PAT VAN PE

Hién nay trén thé gidi noi chung va ¢ Viét Nam noi riéng, cac két cau dan thép da va dang
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dugc st dung trong nhiéu linh vuc caa cudc séng vi nhiéu wu diém ndi bat cta chung. Ching
¢6 wu diém 1a c6 thé ché tao sin, thi cong nhanh va gon nhe, kha nang vuot nhip/tinh khong
tuong ddi 16n, gia thanh phai chang so vdi cac dang két cAu béng vat li¢u khac. Mic du vay,
cac cau kién thep khai thac trong mét khoang thoi gian trung binh va dai c6 thé bi an mon lam
giam tiét dién va anh huong to1 kha nang lam viée cua chung. Van de nay co thé gdy anh
huong va lam giam mot phan nao d6 kha nang chiu tai trong cua két cau. Trong cac két cau
thép co ciu kién bi khiém khuyét nhu trén, néu diéu kién cho phép thi ¢ thé sira hodc thay
thé céu kién bi hu hai bang cu kién méi. Tuy nhién, c6 nhiéu két cAu c6 cdu kién bi khiém
khuyét nhung van phai lam viéc dé phuc vu nhu cau van hanh khai thac. Lic ndy, cAn ¢6 mot
giai phap stra chita gia cudng kha ning chiu luc cho dang két cau nay. Gan day, viéc gia
cudng két cau thép bang cac tam dan FRP dang duoc nghién ctru 4p dung nhu 13 mot giai
phap tiém ning.

Tam polyme gia cuong soi thiy tinh (FRP) thuong dugce xép chong tir cac 16p FRP truc
hudng dé tao thanh cac tim twong dbi day c6 kha ning chiu ing suit keo, nén, cit [1-3]. Dya
trén ty 1& do bén trén trong lugng cao va kha ning chéng dn mon tot, tim FRP ngay cang
dugc sir dung 1am vat liéu cai tao cho dam/cot thép [3-6]. TAm FRP co thé duoc lién két véi
thép bang cach str dung cac 16p keo mong c6 md dun dan hoi thuong thap (so vai thép va vat
liéu FRP), do d6 tao ra su twong tac mot phﬁn gitra thanh phén thép va tam FRP. Bén canh do,
bién dang cit va trinh ty xép chong tam FRP ciing c6 tic dong dang ké dén hanh vi xodn cua
cac két cAu composite [7, 8]. Cac tac dong nhu vay trong cac thanh phan thép dugc gia cuong
bang FRP c6 thé dugc ndm bat mot cach dang tin ciy bang cach sir dung phan tich phan tir
hiru han ba chiéu (3D FEA). Tuy nhién, cac giai phap FEA thuong lién quan dén nd luc dang
ké dé xay dung cdc mo hinh va ching lién quan dén nd luc tinh toan cao. Do do, mot thiét ké
hiéu qua cho cac thanh phan thép gia cuong FRP doi hoi phai phat trién cac giai phap dang
khép kin vira don gian vura du chinh xac (so vo1 céac gidi phap FEA 3D).

bé dy doan kha nang mat 6n dinh cta cu kién dam/cot nhiéu 16p, mot sb 10i giai giai tich
da dugc phat trién dwa trén cac phuong phap xtr Iy dong hoc khac nhau [9-14]. Girthammar va
Pan [10] da phat trién mot giai phap udn xodn cho cc cdu kién hai 16p. Tuy nhién, anh hudng
ctia bién dang cit va tuong tac ban phan gilia cac 16p dé bi bo qua trong nghién ciru cua ho.
Challamel va Girhammar [11] da dé xuat mot 101 giai cho udn xodn ngang cua dam composite
nhiéu 16p, nhung lai bo qua bién dang cat. Schnabl va Planinc [12] d4 phat trién mot 1y thuyét
bién dang khong cit cho phép phén tich uén khong dan héi ciia cac cot composite hai 16p.
Kabir va Seif [13] dd phat trién mot 1oi giai phan tich mat 6n dinh xodn ngang cta dam thép
chit I gia cudng tim FRP ma khong xét dén anh huong bién dang cit. Shojaee va cong su [14]
da phat trién mot phuong phap phan tir hitu han dang hinh hoc dé phan tich 6 vong cia cac
tam composite nhiéu 16p. Nhin chung, cac 16i giai cua cac nghién ctru trén co thé khong ap
dung dugc cho cac thanh dan thép duogc gia cudng bang cac 16p FRP truc hudng bang cach sir
dung cac 16p keo mong, trong do tuong tac gitra thep va 16p khong dat duge hoan toan (tirc 1a
tuong tac mot phan) Ngoai ra, viéc bo qua bién dang cit trong tim FRP trong bai toan ubn
xodn di din dén viéc dy doan thap dang ké ddi voi cac phan Ung cua h¢ thong, nhu da dugc
chi ra trong cac tai liéu [9, 15]. Gan day, Phe [15] da phat trlen mot 101 giai tong quat dé du
doan tai trong mat on dinh cho cdu kién dam-cot gia cuong tdm dan FRP, tuy nhién 10i giai
cho két cau thanh dan chua duoc thyc hién.

Dua trén bdi canh nay, nghién ctru hién tai s& diéu chinh mot ly thuyet tong quat va xay
dung mot cong thirc nghiém kin méi, don gian dé dy doan tai trong mat 6n dinh cta thanh dan
thép duoc gia cudng bang cic tim dan FRP. Cong thirc nay c6 xem xét tinh chat truc hudng
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cta tam FRP voi hudng soi, do cimg cac 16p va chidu day tdm khac nhau. Anh huéng cua
bién dang cat va bién dang oan (warping) cling dugc xem xét trong nghién clru nay.

2. MO TA BAI TOAN

Xét mot két cdu dan minh hoa nhu trinh bay trong hinh la. Nghién ctru hién tai xem xét
cac thanh dan lam viéc theo so dd hai dau khép va chiu lyc nén P (hinh 1b). Thanh dan nay
duoc gia cudng bang hai tdm dan gidng nhau vao hai ban canh cua thanh dan (hinh lc, d).
Céc kich thudc mit cit ngang cua thanh dan thép, cac tam dan, 16p két dinh duoc thé hién
trong hinh 1d. Vat li€u thanh dan 1a thép, trong khi d6 cac tAm dan c6 thé 1a thép hodc vat li¢u
FRP. L6p két dinh co6 thé tao ra twong tic hoan toan hodc ban phan gitra thanh dan va térn
dan. Nghién ciru hién tai s& Xay dung 161 giai nghiém kin téng quat dé du doan tai trong mat
6n dinh cho thanh dan thép gia cuong bang céc tam dan nay. Két qua 101 giai nghiém kin s&

dugc so sanh kiém chung vé&i két qua mo phong sé trong phin mém tinh toan thuong mai
ABAQUS.

® \ \
L L L L L L
(a)
| ) |
- P
NANNNNNN TR, (b)
__;% ) ——b—
A Tam dan 1 Lop ket dinh 1 } ——— — gl
| [} ‘ = | Tk lap
tlt‘ T t/
7=0 2 ~ Thanhdanthép Z=L e h| hy, Ole
C |
= - : e o
| . § ] [ ° | )
Tam dan 2 Lop ket dinh 2 S A — tg ;
(c) (d)

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

Nghién ctru cua Phé [15] da phat trién mot 1y thuyét tong quat va cac bai toan tri riéng dé
du doan tai trong mat on dinh cua ciu kién dam-cot thép gia cuong hai tam dan ngoai. So dd
bién dang ctia mit cit ngang trude khi va ngay khi mat 6n dinh duoc thé hién trong hinh 2.
Tuong tac ban phan giita cac tam dan va thanh dan qua 16p chat két dinh yéu dugc xem xét
trong m6 hinh nay. Khi két cau bi udn phang (hinh 2a, trudc khi mét 6n dinh xay ra), bién
dang trén mit cat ngang ciia cdu kién goém 4 thanh phan chinh, 13 chuyén vi doc truc W), cua
thanh dan, chuyen vi doc truc W, ctia tim dén 1, chuyen vi doc truc W2, cia tam dan 2, va
chuyen vi thang dung V), cua ca 3 vat liéu. Khi mat on dinh xay ra (hinh 2b), b1en dang trén
mit cit ngang cia ciu kién duge mo ta boi 4 chuyen vi chinh, gébm chuyen vi ndm ngang U
cua thanh dan thép, chuyén vi nam ngang Uy ctia tAm dan 1, chuyén vi ndm ngang Us cia
tam dan 2 va chuyén vi goc xoay 6., clia ca ba vt lidu.
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V6i gia thiét bién dang nhu vay, cac truong chuyén vi dia phuong va cac bién dang tai cac
diém trong vat liéu dugc dién giai theo cac trudng chuyén vi chinh néu trén, Gng suit duoc

gia thiét lién hé v6i bién dang thong qua dinh luat Hook trong gi6i han dan hoi [15]

T4m déan 1
Wi

-

Thanh dan

T

Tam dan 2
Trudc khi mdt 6n

Trudc bién dang Sau bién dang )

(a)

Hinh 2. Bién dang cua thanh dan thép gia cuong (a) khi u6n phang (b) khi mét 6n dinh xay ra.

‘#ﬂb':

dinh Khi m4t 6n dinh

The ning toan phan x cia hé duoc thiét 1ap dua trén dong gop cua cac bién dang phap
tuyén doc truc, bién dang cit phang, xodn St Venant va xoan oan. Mét 6n dinh xay ra khi bién

phan bac hai cta thé ning bién dang bang 0, va dugc dién giai nhu sau:

565%) = 5B(5ZU+52V)} =0

(1)

Trong d6 U la thé ning bién dang tong cong ciia hé khi mat on dinh xay ra, va V 1a thé
nang cua tai trong ngoai. Bién phan bac hai cia cic nang lugng ndy dugc dién gidi trong cac

phuong trinh (2, 3) nhu sau:

El, 0 |[sU/(z
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1247

§,XX +

2



Tap chi Khoa hoc Giao thong van tai, Tap 76, S6 09 (12/2025), 1243-1253

Bién phan bac hai cua tai trong do luc doc truc P gay ra la

5 2
8 =Py, 80,(z,)] 3)
Céc dic trung hinh hoc mit cit ngang trong phuong trinh (2) dugc tinh toan nhu sau:
1, =(h-2t,)e /12+2tfb3 /12, o =142, L. =148,
3
1. =2[ b6} f12+be (1 /2) |+, ,(h—zp ) 12, b =Gl s oy =Goly s,
I,,,=hb't, [24+26 144+ (h-21,) /144 kpo=GoAua,,, kpo=G,A,a,,,,
J,=2bt; [3+(h-2t, )t /3, A, =t b, A, =t,b,, )
A =2bt, +(h=21,)t,, L, =t.b /12, I, =t,b; /12,
J, :[(tf ~t, )/2}2 4, +|:(tf +1,, )/Ztal]2 bt /3, dy,=h+2t,+t,,  d,, =h+2t,+t
2 2
Jor :[th /2] A4, +[tg2/ta2:| bztzz /3> hal,o = hb —i, 1y, -2, ha2,u =h _th -2,

Céc dac trung vat liéu trong phuong trinh (2) bao gdm: E va G, la cdc mo dun dan héi
va md dun cét cia vat liéu thanh dan thép. G, ,Bgl ”,B 6 (1=1,2) la dac trung vt li¢u cta
tam dan FRP. Dic trung nay phu thudc vao do cung cua cac 16p (lamina), sb lugng 16p, va
gbc hudng dan (stacking angle orientation angles). P9 cing rut gon cua 16p thtr k c6 thé tinh
nhu sau [7,8]:

Qk,ll = E /(1 Vzvvvz ) Qk,12 = VZSEk,S /(1 Vzvvvz ) Qk,22 = Ek,s /(1 st‘vvz ) Qk 66 k K4 (5)

O day, E..,E,, G.,vav,_,v, lamddundan hoi, mé dun cit va hé s6 poat-xong
cua 16p k [7,8, 15]. Cac do cimg quy ddi theo goc hudng soi 7, cua 16p k (hinh 3) duoc tinh
nhu sau:

Qk n=%n cos’ y, + 2(Qk,12 +20; 6 ) sin’ , cos” y, + O » sin® .,

Qk 12 (Qk n+t0x 4Qk,66)Sin2 Y, C08” 7, + O 12 (Sin4 ¥ +cos' y, )’

Qk »n = Qk,ll sin® Vit 2(Qk,12 + 2Qk,66)Sin2 Vi cos’ Vit Qk,22 cos’ Vi

Qk 16 (Qk 1~ _2Qk,66)Sin Y, €0S" , +<Qk,12 —Oi» +2Qk,66)Sin3 Vi €08 Vs
Qk 26 (Qk 1~ _2Qk,66)Sin3 Vi COSY, + (Qk,lz O+ 2Qk,66)Sin Y, €08’ ¥,
Qk 66 <Qk 1o 2 2Qk,12 - 2Qk 66)Sin2 Vi cos’ Vit Qk,66 (Sin4 Vit cos Vi )

(6)

Lop 1 /
Yol 5 ( Lép 2
LB e )|
Vi ﬁ’_’” l_ &
\ Lopk ] 1y
L Lopn <

Hinh 3. Toa d§ va xap xép céc 16p (lamina) ctia mot tm dan [7, 8, 15].
Céc d6 ctimg hiéu dung cta tdm dan dugc tinh theo Iy thuyét vat liéu composite nhu sau:

gi,ej = Zk:1 Qk,ej Via _yk) (7

& day e, j=1,2,...,6. Dua trén phuong trinh (7), cac do ctng cia tim B..,B

gi,11° ~ gi,66 trong

phuong trinh (2) tinh dugc nhu sau:

1248



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

Egrn By -8, 12/ a2 Baw =B~ B 26/ 41,22 (®)
Déi v6i cac tam dan c6 16p vat lidu dang hudng(nghia BE _=E  =E,G, . =G,),céac

d6 ctng cua tAm dan dugc don glan héa nhu sau:
B,b,/12=E,I ., By, b, =GB, )

0 day]

s6 xodn St. Venant va hing s6 xodn oan warping clia mat cit ngang tam dan.
Trong Cong thirc (2), ky hiéu N,(z)l1a noi luc doc truc trong két cau trude khi mat on

woai> Bais S aio Lo gi la md men quan tinh quanh truc Y, di¢n tich mat cat ngang, hang

dinh xay ra.

4. PHAT TRIEN CONG THUC NGHIEM KIiN TINH TOAN TAI TRONG MAT ON
PINH THANH DAN HAI PAU KHOP

Trong nghién cru ndy, ta xem xét cho truong hop thanh dan hai dau khdp chiu tac dung
cua tai trong dung tdm doc truc. Céc chuyén vi chinh théa man diéu kién bién hai dau khép
duoc gia thiét nhu sau:
8U, (z)=6u,sin(az), 80, (z)=0, 6U,, (z)=6u,sin(az),
50,,,(z) =80, cos(az), 8U,, (z) = 6u,, sin(az), 80,,,(z)=60,,, cos(az)

Noi lyc trong két cau khi un phang (trudc khi mat 6n dinh) 1a N B (z) = P. Thay tai trong

(10)

nay va cac ham chuyén vi gia thiét trong phwong trinh (10) vao cac phuong trinh (2), (3), va
(1), ta liy bién phan bac hai theo véc-to chuyén vi <§uo o8, ou, o0, ou, 00

ylo y20>se

thu dugc cong thirc tri riéng sau:

[ 6x6 I: ]6x6:| 6><1 (11)

Trong d6 ma tran do cung [Ke ] dugc dinh nghia nhu sau :

_k(1 ) k(1 2) —4k, —4ak, —4k,, o —Aak,,,

U k( 2) 2;(aladalo - 2ak, ,h,, +2ka2 Aoz +2aka2 whazo
(K], = g 4444444 - gk(:;) 44444444444 afgl“b 444444444 — 32 4444444444444444 (12)
SR SN RO S s A SN

0 0 0 0 k(s’s) aB,, b
0 0 0 0 0 k(“)

o day ) )

koy=a'El , +4a’k, ,, +4k, , +4’k,, , +4k,, .

k( 2) = 20k, o ¥ 2k, d o, -2a’k,, B W

k( 2) = =El,0' +GJla’ +a’k, yyhal o Ty, adal 0 kaZ,}yhaZ o Tk adaZ 0

Kisa = 2Bg1 s 4k, .

kuy=a *B, b’ 12+ B, (b + 4k, . ks = *Byy b+ 4k, 45

k(é,ﬁ) =a’ Bg2,11b2 /12+ 22, R e VA= z/L .

Va ma tran hinh hoc [ g] duoc dinh nghia nhu sau:
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2
[%]..~(%) 1)
6x6 L
Thay cac phuong trinh (12) va (13) vao phuong trinh (12), ta c6
[k~ Pa’ ko) 4k, ~4ak,, 4k, , ~dak,,, | 5 .
Koy oy =Pl 1)@ [4, 2k, dy, 20k, b, +2%k,d,, +2ak, .k, 50, 0
4k, ~2k,.d,, L ) 0 0 Su, o] (4
-dak, =20k, o, —aB,, b, k( ” 0 0 80, 0
—4k,n +2k 0040 0 0 kiss) —aB,, b ggzo g
~dak,, +2ak,, by, 0 0 ~aB,, b [ 20

Trong phuong trinh (14), ta chll ¥ véc-to ctia cac chuyén khac khac 0, diéu ndy nghia 1a
dinh thirc cua ma tran vuong 6x6 phai bang 0, dan t&1 két qua 161 giai nghiém kin cuia tai trong
mat on dinh nhu sau:

_7EI,, N (7° B,yub* 120 + 7 B, \b; 1217 )4k, + 4k, + B, oib, + By o6b) 15)
” I (7° B, b 121 + 7° B, by /1217 )+ 4k, +4k,s,, + By by + By osb)
5. KIEM CHUNG LOI GIAI

Dé kiém ching cong thie (15), mot 1oi giai khac dya trén mo phong s trong phin mém
ABAQUS duoc thuc hién. M6 hinh thanh dan gia cudng hai tim dan ngoai duoc tao bai cac
phan tir khdi C3D8R. Dé kiém soat ludi phan tir hitu han, 9 thong s6 doc 1ap 1a sé phan tir trén
cac canh cua khdi dam duoc dé xuit va ky hi€u la ni, n2, n3, n4, ns, ne, n7, ng, ng (hinh 4). Cac
diéu kién bién, tai trong ap dung, va nghién ctru ludi cua mo hinh $6 duoc thuc hién moét cach
tuong ty nhu trinh bay trong nghién ctru [15]. Hinh dang mat on dinh theo mode 1 cia thanh
dan duoc thé hién trong hinh 5.

Thi du kiém ching s€ dugc thuc hién cho mot thanh dan cé chiéu dai nhip L =5,0 m va
mat cit ngang co cac kich thudc: h = 266 mm, b = 148 mm, tr = 13 mm va ty = 7,6 mm.
Thanh dan dugc gia cudng hai tim FRP day 20 mm thong qua céac 16p két dinh day 1 mm. M6
dun dan hoi va hé sb Poat-xong ciia thép 1a Es = 200 GPa va u = 0,3. Con cua 16p két dinh 1a
Ea1 = 3,182 GPa va p = 0,3. Hai loai tam FRP dugc xem xét. Trong d6 Loai 1 1a tdm FRP
dang hudng véi mo dun dan hdi va hé sb Poat-xong 13 Ex, = 36,87 GPa va pks, = 0,33. Loai 2
la thm FRP truc hudéng duoc tao boi 16 16p GF600 xép theo trinh ty goc la
(0/90/90/0/0/90/90/0) . So sanh kiém ching két qua: Tai trong mét dan hoi: Déi voi

truong hop loai 1 khi thanh dan thép gia cuong bang 2 tim FRP dang hudng, tai trong mat on
dinh tinh dugc dua trén phuong trinh (13) 1a 712,5 kN, coOn téi trong mét 6n dinh cua 10i gidi
s6 trong phan mém ABAQUS 1a 712,9 kN, tuong tmg v6i mot sy khac biét rat nho 1a 0,1%.
Dbi véi truong hop loai 2 khi thanh dan thép gia cuong bang 2 tim FRP tryc hudng, tai trong
mét 6n dinh tinh duoc dua trén Phuong trinh (13) 13 658,0 kN, va cua 10i giai s6 1a 698,6 kN,
tuong ing voi su khac biét 1a 5,8%. Nhu vay, co thé noi tai trong dy doan boi cong thuce (15)
13 phu hop tét véi 10 giai sé trong phan mém ABAQUS.
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Dang mét 6n dinh: Hinh 6 so sanh dang mat 6p dinh gitra 101 giai s& ABAQUS va 1oi giai
cua nghién ctru hién tai. Két qua so sanh cho thay dang mat dinh cua hai 101 giai l1a giong
nhau.

Tam dan 1
I_d‘p két dinh 1 EI!.'I!II!I!!II!IIIIEIIIII!IIIII!I'..
ns Thanh dan thép R L.
Lép két dinh 2 E
Tam dan 2

Suon ting
cuong ban bung

Hinh 4. M6 hinh hoa theo s6 lwong phén tir doc theo cac canh thanh dan trong ABAQUS.

Hinh 5. Hinh dang mat 6n dinh xo4n ngang cta dam trong 1o giai s6 ABAQUS.

1,0 S.0E-04 4 ... & 5By 1b, 68y2b ABAQUS
0.8 6.0E-04 . 68y2b_Phuwong trinh 12
o 4.0E-04
g 06 T 208
o m -
é 0.4 ABAOUS o 0.0E+00
) Q § 20804
0,2 Phuong trinh 12 -4.0E-04
0.0 _6.0E-04
0 1 2 3 4 5 -8 0E-04
Toa dd doc true (m) Toa dd doc truc (m)
(a) (b)

Hinh 6. So sanh dang mét 6n dinh gitra 101 giai nghién ctru hién tai voi 101 giai s6 ABAQUS.
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6. NGHIEN CUU ANH HUONG CUA CAC THONG SO TOI TAI TRONG MAT ON
DPINH

Duya trén phuong trinh (15), nghién ctru thong s6 thay ddi cua vat liéu tam dan duoc thuc
hién dé lam 6 anh hudng cua chung t6i tai trong mét 6n dinh coa két cau thanh dan. Trong
pham vi nghién ciru, hai anh huong dugc xem xét, gom anh hudng cua goc xép 16p cua vt
liéu composite cua tam dan va anh huong cua chiéu day tam dan. Két cu thanh dan gia
cuong tam FRP tryc huéng trong muc Kiém ching dugc lay 1am truong hop tham chiéu. Goc
x€p 10p cua cac 1op vat liéu duoc thay dbi theo thtr tu + i, trong d6 i = 0, 10, 20, 30, 45, 60,
70, 80 va 90 do. bo day cua tam duoc thay doi tir 0 t&i 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 giit nguyén nhu
ctia trudng hop tham chiéu.

6.1. Anh huwéng caa goc xép cac 16p

Hinh 7a the hién mdi quan hé gilra goc xép 16p huéng soi va tai trong mat on dinh. Co thé
quan sat thay rang tai trong mat on dinh dat gi tri cao nhat 1a 712,5 kN v6i cac tam déan c6
goc huéng soi 0 do, gia tri nay ciing bang tai trong mat 6n dinh cua tdm dang hudng. Tai
trong nay giam dan tir 712,5 kN xudng 607,7 kN (twong tmg 14,7%) khi goc hudng soi thay
d6i tir 0 t&i + 45 do. Khi goc hudng soi nam trong khoang tir + 45 d6 t&i + 90 d9, tai trong
mét 6n dinh chi giam nhe tir 607,7 kN Xuéng 600,7 kN, giam nhe 1,2%.

6.2. Anh hudng cia chleu day gia cwong

Hinh 7b thé hién mdi quan hé gilia. chiéu day tam dan c6 goc hudng soi 0 do va tai trong
mat on dinh. Mdi quan hé nay duoc thay 1a tuyer} tinh, trong do tai trong mat on dinh tang tir
555,3 kN 1én 869,7 kN (tang 56,6%) khi d§ day tam gia cuong tang tir 0 téi 40 mm.

720 900
5 g800'
2 670 E}
= =
=]
8 s
& =700
g g
on &n
g 620 =)
g £600
3 =
= =
570 500
0 10 20 :30 40 50 60 70 80 90 0 10 20 30 40
Goe xep 16p hudng sgi + y (rad) Do day tm gia cuong (mm)

Hinh 7. Anh huéng cua (a) goc hudng soi, (b) do day tAm dan toi tai trong mat on dinh cua két cau
thanh dan.

7. KET LUAN

Nghién ctru hién tai da xay dung thanh cong mot cong thirc nghiém kin don gian, dua trén
ly thuyét bién phan ciia thé ning bién dang két cdu, dé tinh toan tai trong mat 6n dinh dan hoi
ctia thanh dan cua két cau dan thép. Loi giai tai trong va dang mat 6n dinh cta cong thic da
duoc so sanh va phil hop xut sic voi cac mod phong sb thuc hién trong phén mém ABAQUS.
Duya trén cong thirc nghiém kin, nghién ctru anh huong thong s6 da chi ra rang anh huong cua
tam dan c6 goc hudng 501 0 d0 tao ra tai trong mat 6n dinh lon nhét, trong khi cac tim cé goc
khéng nho hon + 45 gan nhu khong thay dbi tai trong mat on dinh. Bén canh d6, nghién ctru
thong sb ciing cho thay tai trong mat on dinh ting tuyén tinh v6i chiéu day tim dan.
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Nghién ctu nay dugc tai trg boi Quy Phat trien khoa hoc va 6ng ngh¢ Quoc gia
(NAFOSTED) trong d¢ tai ma so 107.02-2023.54.
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