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Tom tit:

Hang s6 dan hodi cua vat liéu polyme gia cuong soi san xuat bang phuong phap dic kéo - PFRP bién thién
trong phé twong ddi rong, dac biét modun cit dao dong tir 3 dén 5 GPa. On dinh xo0in ngang la 6n dinh tong
thé trén dam chiu udn theo truc chinh, mét 6n dinh xay ra khi dam dong thoi xoin theo truc cua dim va udn
theo phuong ngang. Nghién ctru ndy phan tich d6 nhay ciia modun cat I&n 6n dinh x0in ngang cua dam PFRP
bang phuwong phap mé hinh hoa trén ABAQUS. Nghién ctru cho thiy tai trong téi han cua 6n dinh xoin ngang
tang 17% khi modun cat thay doi tir 3 ¢én 5 GPa véi dam ngén va tang 27% voi dam dai. Anh huéng cia
modun cat Ién tai trong toi han giam dan khi tai trong di chuyén tir dinh téi day dam. Viéc xac dinh modun cat
phu hop (can trén, can dudi) 1a dic biét quan trong trong thiét ké va viéc kiém dinh tinh twong thich giira mod
hinh héa véi két qua thi nghiém can xét dén yéu t bién thién cua modun cit.

Tir khoa: Hang s6 dan hoi; On dinh xoin ngang; Phan tich d6 nhay; ABAQUS.

Abstract:

Elastic constant of Pultruded Fiber Reinforced Polymer (PFRP) has a wide range of value, especially for the
shear modulus which is generally ranging from 3 to 5 GPa. Lateral — torsional buckling (LTB) is a type of
global buckling occurs when the beam is under bending about its major axis. The instability happens when the
beam twists and moves laterally. This research analyses and evaluates the sensitivity of changing the shear
modulus on the critical LTB load of PFRP beam using a numerical approach by ABAQUS. It is found that the
critical LTB load increases 17% for short beam and 27% for long slender beam when shear modulus increases
from 3 to 5 GPa. The influence of changing of shear modulus is reduced when load position moves from top
to bottom flange. It is suggested that the determination of proper shear modulus (upper and lower bound of
values) is of crucial in design and in validating the compatibility between experimental work and numerical or
theoretical analysis.
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1. Giéi thiéu dinh tong thé cua dam khong bi rang bugc theo
phuong ngang, chiu un trong mat phang qua truc
chinh. Sy mét on dinh xay ra vai sy bién dang dong
thoi theo phuong ngang va xoan quanh tryc dam
nhu hinh 2. Ung xir mat 6n dinh nay cia dam chiu
anh huong cia diéu kién bién, didu kién tai trong (vi
tri tai trong, loai tai trong), tiét dién hinh hoc va tinh
chat vat liéu dam. Cac dam co tiét dién mo (open-

Vit liéu polyme gia cuong Soi san xuat bang
phuong phap dic kéo - Pultruded Fiber Reinforced
Polymer (PFRP) la vat liéu méi c6 nhiéu tmg dung
trong linh vuc xay dung (hinh 1) do cac wu diém
nhu trong lugng nhe, cuong d6 cao, kha nang chéng
an mon, cach dién, cach tir tét [1]. On dinh xo0én
ngang (Lateral-Torsional Buckling — LTB) 1a 6n



Nguyén Tién Thay

section) thuong dé& mat 6n dinh xoan ngang hon tiét
dién dong do do cimg khéng udn ngang va do ctng
khang xoan thap. Céc tiét dién dong thuong khong
xay ra mat 6n dinh xoan ngang boi d6 cing khang
udn theo phuong chinh 16n hon phuong ngang,

Hinh 2. Mét 6n dinh xoan ngang ctia dam.

Nghién ciu vé 6n dinh xoan ngang di bat dau tur
gan 100 ndm. C4c nghién ciu da dé xuat biéu thac
dong xac dinh moment t6i han gay oan caa két cau
dam ding hudng dbi xing quanh truc chinh [2], [3]:

n? k\%1, | (KL)2GI
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Trong d6 L Ia chidu dai khong giing; Ci 13 hé s
moment dong nhét twong dwong, lién quan dén
phan bé moment trén dam; C 1a hé s tinh dén
chiéu cao dit hrc twong quan véi vi tri tm cit; Zg 1a
chiéu cao trr diém dat luc t6i tam cit. I, lw, It 12
moment khang uén theo truc phu, do cing khang
cong vénh va do cing khang xoén.

Dam PFRP c6 thé dugc xem 13 tao thanh tir cac
tAm truc hudng, cong thuc (1) cho vt liéu don
hudng duoc chap nhan rong réi sir dung cho dam
PFRP béang cach thay thé modun dan hdi E va

modun cit G cua vt liéu don huéng, bang modun
dan hdi theo phuong doc EL va modun cit trong mit
phing G cua vat liéu PFRP.

Tir cong thac (1) cé thé thy rang cac hang sé
dan hoi ¢ anh huong chinh téi suc khéng 6n dinh
x04n ngang caa dam. PFRP 13 vat liéu di hudng va
céch bé tri kién trdc soi thay tinh trong cAu kién, tao
nén vat liéu PFRP ¢ hang s6 dan hdi khéng dong
nhat. Viéc xac dinh gié tri modun cat trong mat
phing Gt dai dién cho vat liéu PFRP 1a tuong
dbi kho va c6 do bién thién lon. Két qua tir cac
nghién cau thuc nghiém va ly thuyét cua cac tac
gia truéc day cho thay gia tri nay thuong nam
trong khoang tir 3 dén 5 GPa [4]. Vi mét phd
gia tri rong, suc khang 6n dinh xoin ngang cua
dam PFRP ciing c6 mot phé gia tri 1on. Vi vay,
can thiét phai phan tich d¢ nhay cua sy thay doi
gia tri Gt Ién strc khang xodn ngang cua vat liéu
PFRP. Trong nghién ciu nay, tac gia st dung
phuong phap mé hinh héa bang ABQUS.

2. Phuwong phap mé hinh héa

Sy chinh xac ctia phuwong phap phan tich phan ti
hiru han (FEA) phu thuéc vao viéc lya chon
phuong phap mo hinh hoa, loai phan tir va mat
d6 chia lugi. ABAQUS cung cap ba phuong phap
dé mo hinh vat liéu tim composite, bao gom: (1)
phuong phép “microscopic”, trong d6 keo va vat
liéu gia cuong dugc md hinh riéng biét; (2)
phuong phap “macroscopic” trong d6 tim vat
liéu dugc mo hinh nhu vat liéu truc hudng mot
I6p va (3) phwong phap hon hop (mixed method)
trong d6 tim vat liéu dugc md hinh tir cac tim
vat liéu truc hudng roi rac ghép lai. Tac gia nhan
thdy phuong phép 2 1a phit hop nhét do phuong
phap 1 va 3 yéu cau su hiéu biét chi tiét vé kién
trlc soi ciing nhu tinh chét co 1y cta keo va soi
gia cuong, trong pham vi nghién ciu nay khong
thé &p dung.

Khi mé hinh héa vat liéu PFRP 1a cac tAm truc
huéng, can c6 sb liéu caa bén dic tinh vat liéu co
ban, bao gébm: EL - modun dan hoi theo phuong
doc; Et— modun dan hdi theo phuong ngang; Gt
— modun cat trong mat phang va vir hé sé ng
ngang. Trong d6 EL va Gt ¢ anh husng 16n nhat
dén 6n dinh xoan ngang cua PFRP theo cong thirc
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(1). Et c6 anh huong rat nho ddi véi sy thay doi
cua strc khang (tang hoac giam), véi 30% gid tri
cua Er chi anh huong 1% dén sic khang mat on
dinh xo04n ngang [5].

PERP duoc xem la két ciu tuong mong, tac
gia lya chon phan tir tim dé md hinh. Ba loai
phan tir tam thuong sir dung dé md phong mat 6n
dinh cua ciu kién PFRP trong ABAQUS la S4R,
S4R5 va S8R [6] — [8]. Phan tir tim 04 ndt S4R
va S4R5 &p dung cac ham tuyén tinh dé noi suy
bién dang giita cac nat, thich hop cho phan tich
ca tim day va mong. Phan tir tim day S8R sir
dung cac ham bac 2 bang cach dung 08 nt cho
mdi phan tir. Cong thirc ma tran do ciing p dung
ly thuyét tim Mindlin cho bién dang cit bac nhét.
Loai phan tir ndy c6 kha ning twong thich vé
chuyén vi, tranh sy dut doan gitra canh phan tu.

Bang 1 cung cap két qua phan tich phan tir hitu
han (tai trong gdy mat 6n dinh xoin ngang
Perrea) trén cac phan tor tim khac nhau (S4R,
S4R5 va S8R), vdi céc kich thudc canh phan tir
dé so sanh tinh 6n dinh va phi hop cua ting loai
phan tir. Phan tich thuc hién trén dam dai 1.5 m,
EL =30.7 GPa, Gt = 4.2 GPa véi luc tac dung ¢
tam cét va ¢ gitra nhip dam gian don. Ap dung
vao cong thuc (1), Per = Me/4L = 7.6 KN. Luu y
rang d6i véi phan tir tim, thong thuong chia luéi
VGi CAc ti 16 canh x4p xi bang 1 dé tang do tin cay
cua két qua do anh huong cua bién dang cat.
Bang 1 cho thay phan tir S8R dua ra két qua 6n
dinh nhat véi khac biét khi sir dung cac kich
thugc canh phan tir khac nhau 1a rat nho (< 1%).
Do do, trong nghién ctu nay, tac gia st dung
phan tir S8R Vi kich thudc canh < 15 mm.

Bang 1. Per rea trén cac loai phan tir khac nhau.

Kich thwéc canh phan tir £ oA L. Perrea (KN) P rea (KN) PerFea (kN)
So phan tit/m

(mm) S4R5 S4R S8R
1) ) 3) (4) (5)
30 267 6.15 6.15 7.48
15 1067 7.16 7.15 7.45
10 2400 7.34 7.32 7.45
5 9200 7.42 7.41 7.44

Tai trong t6i han gy mat 6n dinh xo0an ngang
dugc xac dinh bang phuong phap phan tich tuyén
tinh gid tri dac trung (elastic eigenvalue
analysis). Phuong phap nay bo qua su thay doi
hinh hoc cua dam khi gia tang tai trong cho dén
diém phan nhanh gay phéa hoai. Bang cach dwa
vao cac nhiéu loan Ién tiét dién da chia lugi cua
dam chua chiu tai va tim kiém cac khiém khuyét
cuc bd hoic tong thé kich hoat sy mat 6n dinh do
hiéu tng bac 2, phuong phap tim ra hé sb tai
trong (con goi la loi giai gia tri dac trung) cua pha
hoai do mat 6n dinh. Nhan hé sé tai trong nay véi
tai trong ban dau, s& c6 tai trong gdy mat on dinh
X03n ngang.

Hinh 3. Mt én dinh xoén ngang trén ABAQUS.

Mat 6n dinh xoin ngang cua phan tich tuyén tinh
nay (hinh 3), chi thé hién hinh dang (mode shape)
cua sy mat 6n dinh, khdng c6 gia tri chuyén vi
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thurc té caa céc ndt. Chuyén vi thuc té chi co duoc
khi thuc hién phan tich phi tuyén vai tai trong
tang dan voi dit liéu vé khiém khuyét ban dau (vé
hinh hoc, vat liéu, tai trong,...) dugc nap vao mo
hinh [9]. Vé vj tri dat luc, trong nghién ctu nay,
luc duoc dat tai gitta dAm Vvéi vi tri co thé di
chuyén tir dinh dam t6i day dam (hinh 4).

Bang céach giir nguyén cac hang sé dan hoi
khéc, va chi thay d6i Gt tir 3 dén 5 GPa vaéi méi
nhip bién thién 0.2 GPa, s& c6 11 gia tri Gt
(ching han nhu 3 GPa, 3.2 GPa, 3.4 GPa,...),
nghia 12 ¢6 11 gid tri tai trong téi han gy mat on
dinh xoan ngang — Perrea cho mdi vi tri dat luc
(dinh dam, tam cat hodc day dam) trén mét chiéu
dai nhip.

Su thay d6i 11 gia tri Gir duoc dua vao
ABAQUS qua modun Python, trong d6, xem Gt
1a bién sb chay tir 3 dén 5 GPa. Tiét dién dam st
dung trong phan tich phan tir hitu han 1a dam |
120%x60x6 voi chiéu cao 120 mm, bé rong ban
canh trén va ban canh dudi 12 60 mm, bé day cua
ban canh va ban bung 12 6 mm. Tinh chat vat liéu
duoc trinh bay trén bang 2 1a két qua tur thi
nghiém xac dinh tinh chét co 1y vat liéu [10]. Tur
bang 2, ¢6 thé thiy modun dan hdi cua ban bung
thip hon nhiéu so véi ban canh. Ngoai ra, ban
canh khéac nam khéc phia so véi ban bung c6 gia
tri modun dan hoi khac nhau do phuong phap san
Xuit dim PFRP ciing nhu su phan b kién tric
soi [10].

Bang 2. C4c tham sé tinh chat vat liéu cua dam PFRP.

Tiét dién Canhl1l Canhl2 CéanhlI3 Canhl4 BunglI5 Bungl6
1) ) @) (4) (5) (6)
Er (GPa) 34.4 29.7 345 31.2 26.3 26.2
EL (GPa) 10.8 10.8 10.8 10.8 10.8 10.8
Gur (GPa) 4.2 4.2 4.2 4.2 4.2 4.2
VLT 0.23 0.25 0.24 0.21 0.22 0.23

3. Phan tich @ nhay cia modun cit

Phan tich do nhay cua modun cit d&én 6n dinh
x03n ngang duoc thyuc hién trén dam 1, tiét dién
120x60x6 mm trén hai chiéu dai nhip dai dién
cho dam ngan (L = 1828 mm) va dam manh (L =
4064 mm). Modun cit thay doi tir 3 ¢én 5 GPa
véi budc tang 0.2 GPa. Tai trong dugc dat tai

gitra nhip vai 03 vi tri dat luc theo phuong doc
bao gom vi tri dinh dam (1), day dam (3) va tam
ct (2), nhu trén hinh 4.

Nhu vay, tong sb gia tri Perrea trong nghién
ctru nay 1a 66 gia tri, trong d6 mdi vi tri dit luc
6 22 gia tri (11 gia tri cho mdi chiéu dai dam véi
modun cit thay doi tir 3-5 GPa).
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tai trong tac dung lén dinh dam (1)

‘ tdi trong tac dung lén tam cdt (2)

- -

tdi trong tac dung day dam (3)

Hinh 4. Céc vi tri dat tai trong.
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Hinh 6. Méi quan hé gitra sy thay d6i Gyt voi su
thay doi Per, rea khi tai trong tai dung 1én tim cit.

Hinh 5 - 7 thé hién phan trim sy thay doi cua tai
trong gay 0an téi han Pereea khi Gir thay doi 3 -
5 GPa, 50 Vi gid tri nén Per Feapase 12 tai trong téi
han khi Gt = 4.2 GPa, qua cbng thuc:
(Per.Fea/Per FEabase) X 100%. Gt = 4.2 GPa la gia
tri modun cét trung binh qua thi nghiém xac dinh
modun cat cia PFRP [4]. Qua do, c6 thé thy
rang voi dam ngan, sy thay do6i gia tri Grr anh
hudng dén tai trong téi han gay oan nhiéu hon so
v6i dam manh. Khi modun cit ting 3 - 5 GPa, tai
trong toi han gay oan xac dinh bai phuong phap
phan tiru hitu han Per rea ting toi da 17% véi nhip
ngan L = 1828 mm va ting t6i da 27% voi nhip
dai L = 4064 mm.
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Hinh 5. Méi quan hé giita sy thay d6i Gyt voi sy
thay doi Per, rea Khi tai trong tai dung 1én dinh dam.
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Hinh 7. Méi quan hé giita sy thay d6i Gyt voi sy
thay ddi Per, rea Khi tai trong tai dung 1én dinh dam.

Khi tai trong tc dung 1én dinh dam, sy thay
do6i nay la -10% dén 7% voi chiéu dai nhip L =
1828 mm, va 1a -17% dén 10% vai chiéu dai nhip
L = 4064 mm. Khi tai trong tac dung tai tm cit
(shear centre), thay doi nay 12 -9% dén 5% (véi L
= 1828 mm) va -14% dén 8% (L = 4064 mm); ddi
Véi tai trong tac dung ¢ day dam, ti 1& nay 1a -6%
dén 4% (L = 1828 mm) va 12% dén 7% (L = 4064
mm). Ngoai ra, khi tai trong thay doi vi tri tir dinh
dam téi ddy dam, tai trong t6i han gay oan ciing
thay doi nhiéu hon.

Qua nghién ciru ndy, c6 thé thiy rang tai trong
t6i han gy oan chiu anh huong rat I6n boi su
bién thién cuia modun cat Gr. Luu y rang gié tri
modun cit Gir 1 rit kho xac dinh chinh xéc trong
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thuc té. Va thong thuong, gia tri ndy nam trong
khoang 3 - 5 GPa. Céc nha san xuat cau kién [11]
dé xuit mot gia tri modun cit thap (thong thuong
123 GPa) dé dam bao viéc thiét ké ludn “an toan”.

4. Két luan

Bai bao nghién ctru d6 nhay ciia modun cat dén
tai trong tgi han gay mat on dinh xoin ngang cua
dam polyme gia cuong soi (PFRP) chiu tai trong
tap trung tai gitta dim bang phuong phap phan tir
hitu han bang ABAQUS. Tir két qua nghién ciu,
tac gia c6 két luan nhu sau:

e Phuong phap mo hinh hda trén ABAQUS,
st dung phan tar tim S8R va xem PFRP duoc tao
thanh tir cac tim vat liéu truc hudng, 1a phi hop
véi vat lieu PFRP, cho két qua c6 dd tin cay cao;

e Modun cit anh hudng 16n t6i tai trong toi
han gay mét 6n dinh xoan ngang. Do d6, viéc xac
dinh mot gia tri phu hop cia modun cét Gir 1a
can thiét khi so sanh két qua thi nghiém véi mo
phong bang phan tir hitu han hozc ly thuyét.

e Su thay d6i ciia GLt c6 anh huong nhiéu hon
trén dam ngan so véi dam dai;

e D4i véi vi tri dt luc, su thay doi cua Gir co
anh huong 16n hon khi luc tac dung & dinh dam
va anh huéng giam dan khi luc di chuyén xuéng
day dam;

e TA&c gia dé xuat sir dung céc gia tri can trén
va can dudi cua modun cét khi thiét ké véi vat
liéu PFRP boi anh hudng ciia modun nay 18n 6n
dinh xoan ngang dam PFRP s& 16n va viéc xac
dinh chinh x4c modun cit chua thé dat do tin cay.
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