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TOM TAT

Bai bdo nay trinh bay mét nghién civu vé viée sir dung vat liéu nhua cot soi thiy tinh (GFRP) dé
gia cwong, nham lam tang kha nang khdng chdn cho khung bé téng cot thép (BTCT). Pdanh gic mire dg hu
hai (DI) ciia khung c6 va khéng cé gia cwong GFRP bang phwong phép sé thong qua phan mém MATLAB
R2014a két hop véi két qua phan tich tir phan mém SAP2000 bang phan tik phi tuyén LINK vmg xit tré theo
mé hinh Takeda c6 xét dén cdc trgn dong ddt Taft, Land va Nort. Gid tri DI ciia khung khéng gia cieong lén
hon khung gia cuwong GFRP khi cing chiu mét tran dong dat. Voi gid tri DI bang nhau, gia téc nén PGA
déng ddt khi khéng cé gia cwong GFRP nho hon gia toc nén PGA dong dat khi ¢6 gia cuong GFRP.

Tiwr khéa: Khung BTCT, nhua cbt s¢i thuy tinh, nhya cbt so1 han ché no héng, mtrc do hu hai, phﬁn
tir phi tuyén LINK.

ABSTRACT

Reductional Vibration of Earthquake-Ressistant Reinforced Concrete Frames
by GFRP solution

The paper reports the results of material using the research of glass fiber reinforced Polymer
(GFRP) to reinforce and increase the reductional vibration of reinforced concrete (RC) frames. Damage
indexes (DI) of the RC frames with and without GFRP was analyzed by finite element method of MATLAB
R2014a software associated with the results from the SAP2000 analysis by nonlinear Link elements which
follow hysteretic Takeda model subjects to some earthquakes such as Taft, Land and Nort. DI value of
GFRP non - RC frames is biger than the GFRP RC frames when it is subject to some earthquakes. At the
same DI value, the GFRP non - PGA is smaller than GFRP PGA.

Keywords: Reinforced concrete (RC) frames, glass fiber reinforced Polymer (GFRP), fiber
reinforced polymer (FRP) confinement, damage indexes (DI), nonlinear Link elements.

1.  Ditvan dé

D¢ giam thiéu cc cong trinh hu hai do tac dung ctia dong dt, viéc gia cudng két cau 1a mot
giai phap mang lai nhiéu loi ich vé kinh té hon so véi viéc pha d& va xay dung cong trinh méi.
Hién nay, nhiéu giai phép gia cuong khac nhau nhur ding hé giang thép, gia ¢b bang hé can, gia
cudng bang BTCT (tang tiét dién cot), vat liéu nhya cdt soi (FRP - Fiber -Reinforced Polymer),...
trong do, giai phap sir dung FRP d¢ gia cuong két cau 1a mot giai phap co nhidu vu diém nhu do

*Email: huathan020608@gmail.com
Ngay nhan bai: 15/10/2016; Ngay nhan dang: 28/11/2016

95



Htra Thanh Than, Nguyén Ngoc Phiic, Lé Vin Han

bén cao, tudi tho 16m, cudng do chiu kéo cao, trong lugng nhe, it bi n mon, thi cong dé dang,
phan gia ¢ khong chiém khong gian kién tric,... FRP da dugc nhiéu tac gia trong va ngoai
nudce nghién ciru va cong bd, cu thé nhu Nguyén Chi Thanh va cong su [13] di nghién ciru gia
cudng cho két cau chiu luc bé tong cot thép bang viéc dan 16p vat liéu ¢t soi cuong do cao 1a
mot trong cac giai phap duy tri va nang cao stc chiu tai ciia két céu cii dé dap Gmg yéu cau vé
khai thac, két qua gia cuong vat liéu cudng d6 cao ndy ¢ nhitng ving chiu kéo 1am ting chiéu
cao chju nén ctia mat cit bé tong, déng thoi lam tang kha nang chiu udn cia ciu kién; Balsamo
va cong sy [3] da st dung vat liéu FRP dé gia cuong cho ¢t va dam cua mot khung BTCT bdn
tang, két qua cho thay cac khung gia cuong FRP c6 thé chiu duoc tai trong dong dat ting thém
1,5 1an so v6i ban dau dya trén tiéu chi ciing muc do chuyén vi; Eslami va Hamid Reza Ronagh
[8] da st dung FRP dé gia cudng cho cac cot ciia mot khung tam ting khong du ¢t dai, két qua
cho thdy d6 déo va kha niang chiu dong dét ciia khung ting 1én déng ké; Vui Van Cao va Hamid
Reza Ronagh [22] d3 phan tich anh hudng cua viéc dich chuyén khép déo cua khung BTCT
bang FRP gia cuong, két qua cho thiy mirc do hu hong ciia khung cé gia cuong FRP thap hon
so voi khung khong cé gia cudng FRP néu cling chiu mot cuong do dong dat nhu nhau. Trong
nghién ctru tiép theo, Vui Van Cao va Hamid Reza Ronagh [23] di nghién ctru anh hudng cua
viéc gia cuong nhya cbt sgi thiy tinh (GFRP - Glass Fiber Reinforced Polymer) dé han ché
nd hong cho mot khung tim tang chiu tai trong dong dat khac nhau dén muc do hu hong (DI -
Damage Indexes). DI dugc danh gia bang chi s6 hu hong va duoc phan thanh cac cap do nhu
khong hu, hu hong nhe, hu hong vira, hu hong niang va cong trinh pha hoai, két qua ctia nghién
ctru cho thiy viéc gia cuong GFRP lam giam dang ké hu hong cua khung tdm ting xubéng mot
hodc hai cp d6 hu hong.

Gia cuong khung BTCT bang GFRP han ché né hong da dugc nhidu tic gia nghién ctru,
tuy nhién mirc d¢ tang kha ning khang chén ctia khung BTCT duoc gia cuong bang GFRP so véi
khung BTCT khong duoc gia cuong cé cung mdt DI chua duge nghién ctu.

Gidi han bai bao nay 1a phan tich khung BTCT tam tang ba nhip, khung dugc mé hinh bai
phan mém SAP2000 V15 [7] bang phan tir phi tuyén LINK tmng xir tré theo mo hinh Takeda [21].
Phén tich ngoai mién dan hoi theo thoi gian ctia khung BTCT chiu céc tran dong dat khac nhau,
dugc phan tich bang phuong phap s boi phan mém MATLAB R2014a c6 xét DI bang gié tri.
Két qua ctia nghién ctru s& phan tich danh gia hiéu qua giam chan cua khung BTCT c6 va khong
c6 gia cuong GFRP.

2. M6 hinh bé tong khi bi b6 hong
2.1. Vatliéu FRP

Pic diém vat liéu FRP ¢ d6 bén cao, tudi tho 16n, trong luong nhe, dé thi cong va it bi an
mon. Nhiing uu diém nay c6 duoc 1a nho nhitng dac trung ctia FRP nhu cuong do chiu kéo cao,
khdi lwong riéng nhe. Vit liéu mdi FRP duoc dung phd bién trong nganh xay dung 14 soi thuy tinh
(GFRP), soi cac bon (CFRP), soi Aramid (AFRP). Mot sé chi tiéu co 1y cta chung duge so sanh
v6i cot thép, thé hién trong Bang 1.

96



Tap 12,86 1,2018

Bdng 1. Chi tiéu co ly cua vat lieu FRP, ACI [2]

Théng sb Thép GFRP CFRP AFRP
Cuong dé chiu kéo (MPa) 483+690 | 1860:4140 | 1720:6200 | 34404140
Mé dun dan hdi x10° (MPa) 200 6990 220+690 69+124
Khoi lugng riéng (g/em’) 7,9 1,2:2,1 1,5+1,6 12415
Bién dang kéo dut (%) 6+12 4,554 02+1,5 1,6:2,5

2.2.

BTCT khong gia cwong FRP

Anh hudng ciia cot dai dén quan hé ing suat va bién dang cua bé tong dugc nghién ciru boi
nhiéu tac gia khac nhau. Pon gian nhit 13 mé hinh cta Kent va Park [9], tng suat va bién dang
sau khi dat ung suét cuc dai cua bé tong co va khong co c6t dai 1a khac nhau; phén con lai 1a nhu
nhau. Diéu khong hop 1y nay da dugc sira di trong mé hinh ctia Park va cong sy [15] bang cach
¢6 tinh dén viéc tang ng suét cuc dai cia bé tong thé hién nhu Hinh 1.

\ Ung suit (f)
Kfte | . _ _

fe ——

Bé téng khong c6 cot dai \

* Bé téng co cbt dai

0.002K

& =0.002 Bién dang (s0)

Hinh 1. M6 hinh quan hé img sudt - bién dang ciia bé tong theo Park va cong suw [15]

2
ol 2. 2. .
r=7. gc_[ 86] néu e, <e, (1)
) )
f=fl1-Z(e,—&,)]20.2.f nbue, >, (2)
Trong do:
[ =K S e,=Kfo; Z= _ 05 s
340,29.f. 3 b" Je
2= p. |——0,002.K
145.f. —1000 4 S,

[, - tng suit trong bé tong; p, -ty s6 gitra thé tich cbt dai va thé tich phan 15i bé tong;
€ - bién dang cua bé tong; f. - ung suét 16n nhat don vi MPa; b” - chiéu rong cua 15i bé tong;
s, - khoang céach cot dai.

2.3. BTCT c6 gia cuong FRP

Soi FRP ¢6 tac dung chdng né hong cho bé tong, cudng do va do déo ting 1én dang ké theo
Lam va Teng [12]. M6 hinh tmg suét va bién dang cia BTCT gia cudng bang vat liéu FRP chia
ra 1am hai loai 1a c¢6 va khong c6 c6t dai. Khi khong c6 cot dai, tac dung han ché nd hong ciia cot
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dai co thé bo qua va két qua 1a toan bd bé tong bi han ché nd hong boi soi FRP; con khi c6 ¢t dai,
16p bé tong bao vé bi khéng ché nd hong chi boi soi FRP, 15 bé tong bao boc cbt dai bi khong ché
né hong bai ca ¢t dai va soi FRP. Tuy nhién, sy twong tic giita cbt dai va sgi FRP 1am cho quan
hé ung suét - bién dang cua bé tong thém phuc tap. Mat khac, khi sgi FRP da c6 tac dung thi anh
hudng ctia né ¢6 thé 16n hon nhiéu so voi cdt dai, nén mé hinh tmg suat - bién dang khong ké dén
anh huong cta ¢t dai duoc chon. Trong sb6 cac mo hinh nay, theo Rocca va cdng su [18] thi mo
hinh ctia Lam va Teng [12] la phu hop vai cot tron va ¢t vudng, Hinh 2.

Ung suit (MPa)
|
B
fcu _____________________
_________ A Gia cuomg|
sl FRP |
fele=2"_ | :
[ Khong gia |
: : cudng FRP I
|
| | |
Lo [
I | I
Ec~tana | : :
A : : I Bién dang (mm/mm)
0 & & &

Hinh 2. M6 hinh gia cuong soi FRP cho bé tong cia Lam va Teng [12]

(Ec _Ez)2 2 %
Trong doan OA: f, = E_.&, Ty S 0<e.<g 3)
Trong doan AB f; = f: +E2 'gc néu gts Ec Sgu (4)
2.f o
Trong do: ¢, =¢; E, = S =1 :
Ec _Ez 5u

fey -Ung suat tdi han; g, - bién dang t6i han.

c c c

1= ﬂ{1+3,3.ksl.ﬁ“) néu f—’a,z 0,07 va £, = f. néu f"f <0,07
/. /. /.

0,45
& ’ E t 2E ¢t
£, =& 1,75+12.ks2.§’“, (%J i f :%.gh’mp = 1; s Er
0

ty - tong chiéu day ciia FRP quin; Ehyrup - bién dang ciia FRP; E/- m6 dun dan hoi cia
FRP; D - dudng kinh trong dwong cia cot tron, D =+/h*> +b*

2 0,5

c c
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P el el

4 1-p,

c

b - chiéu rong cua cot; h - chiéu cao cua cot; r - ban kinh bo cong goc.
3. Mo hinh phén tich
3.1. Phan tich lich sir thoi gian ngoai mién dan héi

Céc phan tir dan hoi dam, cot co do cung duogc hiéu chinh boi cac hé s6 0,35 va 0,7 tuong
tmg ACI [1]. Pd cling ban dau sir dung trong truong hop két cau lam viée trong giai doan trudc
khi bi ntt theo hai trang thai: 1) bién dang dan hoi cua phan tir dan hoi voi chiéu dai / nho; 2) do
ctng hi€u chinh thi c6 thé bién dang nhé hon thyc té khi két cau lam viéc ngoai mién dan hoi. Két
qué ta c6 mo hinh dan hoi gdp phi tuyén LINK theo Sheikh va Khoury [19] va cac vi tri phi tuyén
LINK ciia dam va cot trong khung duoc thé hién trong Hinh 3, Hinh 4.

5 ()2 .\Phﬁn tir phi tuyén (LINK)
Phin tir phi tuyén (LINK) Q
R
Phinti dinhsi  Phintidhcing [ N\
Phin tir phi tuyén (LINK)
— N (hytl,)i2
Phintidinhéi  Phin b din héi /-
Hinh 3. M6 hinh phan tir phi tuyén Hinh 4. Vi tri phi tuyén LINK ciia dam va cét trong
LINK cua Sheikh va Khoury [19] khung BTCT

M6 hinh soi duoc sir dung dé phan tich quan hé mé men - do cong dén trang thai t6i han.
Trong mo6 hinh nay, mat cit ngang dugc roi rac thanh nhiéu thanh hay soi va bién dang phan bd
trong tiét dién duoc gia thiét 1a tuyén tinh, cc ing suét trong mdi soi duoc tim dya vao mo hinh
vat li€u tuong ung voi bién dang cua truc trong tam mdi soi, phan tich bién dang phan b6 duoge
dung lai khi cac diéu kién can bé'mg dat dén trang thai gidi han.

Theo Paulay va Priestley [16], bién dang t6i han cia bé tong e, va cua thép ¢ dugc
thé hién:

Fona
5 =0,004+14 2 i 5)

cc

gxm = 076‘8511 (6)
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Dua trén két qua thi nghiém, Epp = 0,624. €, duoc dé xuit cho GFRP.

Mo hinh ung xt tré cho cac phan tt BTCT c6 thé dugc phan thanh hai loai: tam tuyén va
song tuyén. Theo mé hinh Takeda [21] cho phép miéu ta nhitng thiét hai cua két cAu BTCT khi
vung kéo cia bé tong bi nut (Hinh 5).

Ung xir phi tuyén phan tir LINK theo mé hinh Takeda [21], d4 duoc cai tién boi Vui Van
Cao va Hamid Reza Ronagh [23], thé hién cu thé qua dd thi quan hé moé men - do cong cia bé tong
c6 va khong co gia cuong FRP, Hinh 6.

é Diém t6i han cia
3 bé tong bio vé
g Diém t6i han dura trén bé tong han
© ché n hong béi FRP va bt thép
p= g .
- = Diém téi han dua trén
- Chay déo ‘\ 161 bé téng va oft thép
\ -
\ - —-Ket cau khéng gia cwong FRP confinement
Nit \\ — Két chu c6 gia cuong FRP confinement
\
\
0 Dg cong (mm/mm)
Hinh 5. M6 hinh irng sudt tré Hinh 6. D6 thi mémen - d cong ciia két cau c6 va khéng cé gia
Takeda [21] cwong FRP cua Vui Van Cao va Hamid Reza Ronagh [23]

3.2. Lua chon mé hinh phén tich DI

M5 hinh hu hai ¢6 thé chia lam hai loai co ban: khong tich iy va tich liy. Lya chon mo
hinh phan tich hu hai tich liiy 1a mot lwa chon hop 1y hon dé danh gid trang thai hu hai cua két
céu chiu dong dat. Theo Banon va Veneziano [4] d4 sir dung m hinh don gian 1a goc xoay tich
lity chuan hoéa nhu 1a mot DI, né duoc thé hién bang ty 18 cta tong cac goc xoay ngoai mién dan
héi trong nira chu ky; Park va Ang [17] dd dé xuit mot mé hinh phan tich DI két hop ca hai yéu
t6 bién dang va niang luong; Kunnath va cong su [10] sir dung cac tmg xtr ciia md men - do cong
dé thay thé cho cac bién dang duoc dé xuit boi Park va Ang [17]; Tabeshpour va cong su [20] dé
Xuét st dung cac hé¢ ) trong lugong dya trén ) nang lugng dugc hép thu bai cac phﬁn tir hodc cac
bd phén; Vui Van Cao va cong su [24] da d& xuat mot mo hinh DI thé hién qua chi sb nang luong

duoc hép thu nhu sau:

E a(N-i)
D =| =1 Q)
Eh + Erec

Trong d6: E, - nhu cau nang luong, E, , - kha nang hép thy ning lugng cua két cu dudi

tai trong don, E - nang lugng to1 han ; Eh,ly - nang lugong thu dugc clia mot chu ky; a - hé

h,1collapse
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s6 diéu chinh, lay a = 0,06; N - niang luong tuong dwong véi sd chu ky bi sap d6; i - nang luong
E,
E

E
P4 1A s 1A h,1coll .
tuong duong va6i sO chu ky hién tai; lay N = —22% 5 j=

3.3. oy

Kiém tra m hinh Iy thuyét b

Mot mo hinh thi nghiém khung ba te‘ing do Bracci va cong su [5] nghién ctru dugc lya chon
dé kiém chung phan Iy thuyét néu trén.
3.3.1. M6 ti khung 3 ting

Mot khung thi nghiém 3 ting nhw Hinh 7 véi tai trong dong dat khong dugc xét toi trong
phan tich, kich thudc va chi tiét c6t thép theo Hink 8, cudng do cua bé tong 1a 27,2MPa va md
dun dan hoi tuong Gmg voi bé tong 1a 24200MPa. Dic trung co 1y ctia bon loai cdt thép sir dung
theo Bang 2.

24D5 _ 2#D5

{ﬁm’ﬁ’mm
A-A B-B
W-gati(typ)
D #D«
5 —Wesii@EE—
ooy ., e = 2004
cc Dp-p
Beam Steel Beam Sections
I T A
r&:-n—;‘rg—q!* < =
; :
gl Iy Iil 4+ e 10"
i i imzga
it OO (G ‘I D4
Ty J‘.“'\‘ i Waar
TEGP) Eroor pran 1 0P Section Y-Y
2" Siab Frames at
(Typ) y 6 Contors
T
I Boam:
36"
Al Colum
a"xa”
et
i
g 600 0", 60" 8 Ext.Colut [
Em_mw@—u"ﬁ .Column  Int. Colurr

1" =25.4mm

P R

Hinh 8. Kich thuéc va cot thép
khung 3 tang [5]

Hinh 7. M6 hinh khung 3 tang Bracci va cong sw [5]

Bing 2. Ddc trung ciia cot thép [5]

Cét thép Puwong kinh | Cwong dd chiy déo |Cwong do téi han| Mé dun dan hoi Bi(’%l-l dang
(mm) (MPa) (MPa) (MPa) toi han
D4 5,715 468,86 503,34 214089,8 0,15
D5 6,401 262,01 373,33 214089,8 0,15
Ilga 2,770 386,12 482,65 206160,5 0,13
12ga 3,048 399,91 441,28 205471 0,13

Tai trong tinh duoc tinh tir trong luwgng ban than cua san, dam, cot va trong luong gén vao
mé hinh nhu Hinh 7, tong trong lugng ctia mdi tang 1a 120 KN theo nghién ctru ctia Bracci va
cong su [5].

3.3.2. M6 hinh va kiém tra

Khi phan tich tinh lyc doc tac dung xuéng cOt dugc trinh bay & Bang 3, cac luc doc nay co

xét dén su dao dong khi chiu dong d4t, m6 men - do cong cho tat ca cac dam, cot duoc tinh nhu
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muc 3.1, ¢6 xét anh hudng cua lyc doc. Tuy nhién, & don gian trong bai bao nay anh huéng sy
dao dong cua lyc doc dén mo6 men - d6 cong dugc bd qua.

M6 hinh trong SAP2000 [7] ciia khung ba tang sir dung phan tir phi tuyén LINK theo Hinh 9,
cac phan tir phi tuyén LINK tng xir tré theo mé hinh Takeda [21]. Két qua trinh bay ¢ Bdng 4.

Bing 2. Luc doc xudng cét Bing 3. So sanh tdn sé f (Hz)
Ting |—~iedoc fhe dyng X“f;ngf@t () Mode | Thinghidm | i SAP
Cot bién Cot giira [5]
30 60 1 1,78 1,67
20 40 2 5,30 5,19
3 10 20 3 7,89 8,77

Phaén tich két ciu ngoai mién dan hoi theo thoi gian ciia khung ba tang chiu dong dat duoc
tién hanh trong SAP2000. Tran dong dét Taft xay ra vao ngay 21 thang 7 nim 1952 tai Lincoln &
California PEER [14] dung trong thi nghiém duoc sir dung dé phan tich, gia tri gia tbc nén PGA
st dung trong phan tich ngoai mién dan hdi 1a 0,3g tuong tng voi cip do vira ciia dong dat. Két
quéa phan tich dugc sir dung dé tinh DI ctia khung BTCT. Hink 10 thé hién mirc d6 hu hong cua
cong trinh khi chiu dong dat Taft.

Bdng 4. Muc do hu hai (DI) cua Vui Van Cao va cong su [21]

Ky hiéu hw hai Khoang hw hai DI
. > 0,00 + 0,05 Khoéng anh huong
+ 0,05 +0,25 Nho
X 0,25 +0,50 Vira
A 0,50 + 0,75 Nang
o 0,75 = 1,00 Sap d6
; i i I X =T
| | J Storey 3
; ‘s e # —
j S M .
Storey 1
& 5 & &

a) ~  Crock b)

Hinh 9. Mé hinh khung 3 tang Hinh 10. Hu hai ciia khung BTCT chiu trdn dong dat Taft 0,30g
voi phan tir phi tuyén LINK a. Thi nghiém theo Bracci va cong sw [5]; b. Phdn tich.
bang SAP2000

4. Phin tich s6
4.1. Mo ta kKhung tim ting

Mot khung tam ting ba nhip theo Hinh 11, Hinh 12 dwoc chon dé phan tich DI trong bai bao
nay. Cot thép chiu luc duge str dung trong phan tich v6i cuong do chay déo 420MPa va mé dun
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dan hoi tuong g voi ¢t thép 1a 200GPa. Cudng do chiu nén cua bé tong 1a 25MPa va mo dun
dan hoi trong g vai bé tong 1a 4700.\/7; MPa, cu thé c6t thép duoc thé hién & Bang 6. Puong
kinh c6t thép dai dugc dung 13 10mm. Théng tin cu thé ciia khung tam tAng duogc trinh bay trong
nghién ctru ctia Eslami va Ronagh [8].

CcL
Fo Fo
I Fe R
Cr—‘C Fq Cr_‘C Fq
) )
(_r-lC E (,r-‘C Ee,
=t =
J L L.
Ed Eed
R &t
= D Dy
® B B —b—— —b——
A 12 I T W ]’ 1
D Do
D D As
i o i o . . 1 ~ 1
P P t J t g J
D D4
ATA H .
L - - - - .u ~§
L 3@5m N Typical column section Typical beam section
Hinh 11. Khung tam tang [8] Hinh 12. Mdt cdt cét va dam dién hinh ciia
khung tam tang [8]
Bing 5. Chi tiét cot thép cua khung tam tang [8]
. b h d a A A A Bude cot
Mat cat st s s .

: (mm) (mm) | (mm) | (mm) (mm?) (mm?) (mm?) dai (mm)
A-A 600 600 540 60 16025 - - 450
B-B 600 600 540 60 16018 - - 450
C-C 500 500 440 60 16016 - - 450
D-D 500 500 440 60 - 6 ©25 4 @25 140
E-E 500 500 440 60 - 6 ©22 4 ©22 175
F-F 500 500 440 60 - 6018 3018 250

4.2. Mo hinh khung tam ting khéng c6 gia cwong FRP

Tai trong bao gom tinh tai 30 kN/m va hoat tai 10 kN/m, trong lugng dung dé phan tich
dong dat 1a D + 0.25L theo nghién ctru cia Eslami va Ronagh [3]. Céc tran dong dit co cudong do
16n hon 6,5; PGA 16n hon 0,1g va thoi gian dong dét 16n hon 40s duge chon dé phan tich lich str
thoi gian ngoai mién dan hoi, thé hién trong Bdng 6.

Bing 6. S6 trdn dong dat ding trong bai bdo ciia Eslami va Ronagh [3]

Tén dong dat Ky hiéu Nam Cuong do PGA (g)
Kern Country TAFT 1952 7,4 0,159
Landers LAND 1992 7.3 0,130
Northride NORT 1994 6,7 0,345
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Khung tim tang duge mo hinh boi SAP2000 bang cach sir dung phan tir phi tuyén LINK
Vi cac dic trung ctia phan tir phi tuyén LINK duoc x4c dinh dua vao phan tich mé men - d6 cong
va md men - goc xoay ciing dugce trinh bay trong muc 3.1. Luc doc dé phan tich mé men - goc
xoay theo Bdng 8, m6 hinh phan tir phi tuyén LINK va mode dao dong dau tién cho khung BTCT
trong SAP2000 theo Hinh 13, Hinh 14.

Chu ky dao dong cua khung dugc xac dinh tir mé hinh SAP2000 13 1,30s xap xi v6i chu ky
dao dong trong nghién ctru ctia Eslami va Ronagh [8] 1a 1,28s.

Bing 7. Luc doc xuong cot khung khi phan tich tinh

. Luc doc xudng ¢t (KN)
Tang
Cot bién Cot giira
1 - 982,00 - 1690,25
2 - 858,23 - 1469,40
3 -731,93 - 1251,07
4 - 603,68 - 1034,69
5 - 475,06 - 818,69
6 - 354,93 - 610,70
7 - 233,46 - 404,04
8 - 110,63 - 198,75
25 [l [ L3
q u\, T :i T
o LBl [l L
b ik i J
Hy [ [, [
, T —‘5 T :h =
b, Ll [ n
i B | it :
i -.’:':;‘:.‘ e ra
Lis _!E!‘ a2 .
!'.. o I'_ i =
b T T it
[ x 1] 1 N
Hinh 13. M6 hinh phan tir Hinh 14. Mode dao déng dau tién

phi tuyén LINK
4.3. Mo hinh khung tim ting gia cwvong GFRP

Gia cudng vat lidu nhya cdt soi thiy tinh (GFRP) ¢6 md dun dan hdi nho nhung bién dang
déo cao, chi phi gia thanh ré nén GFRP dugc chon dé gia cudng khung BTCT tam tang. Dic trung
GFRP dugc chon dé gia cuong thé hién & Bdng 9. Vi tri goc cua cdt dugc bo tron ban kinh 50 mm,
quan hai 16p GFRP quanh mdi cot nhw Hinh 15.
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Bdng 8. Ddc trung cua GFRP theo Luca va cong sy [11]

Mé dun dan hdi, E 2
(MPa)
3241 72379 0.589

Cuirng d9 chiu kéo, £, (MPa) Chiéu day, t (mm)

GFRP wraps

= =)

a) GFRP qudn quanh cjt b) Vi tri bo géc cho cét bang GFRP
Hinh 15. Gia cuong GFRP cho c¢t theo Luca va cong su [11]

4.4. Phan tich DI ciia khung tim ting

DI ctia khung c6 gia cuong va khong c6 gia cuong GFRP dugc phén tich sé bang phan mém
MATLAB R2014a va c6 st dung két qua phan tich tir SAP2000 c6 xét dén céc tran dong dat Taft,
Land va Nort. Két qua, khi ciing mot gia tri PGA thi khung dugc gia cudong GFRP ¢6 DI nho hon
so v6i khung khong gia cuong GFRP va DI cua khung dugc gia cudng giam xubng khoang 2,42
dén 2,77 1an (khi PGA = 0,6g); 2,72 dén 3,32 1an (khi PGA = 0,4g); 4,93 dén 6,68 lan (khi PGA
= 0,2g) theo Bang 10, Hinh 16, Hinh 17.

Bdng 9. So sanh DI ciia mo hinh khung khong gia cuong va co6 gia cuong GFRP

DI khong gia cwong DI ¢6 gia cwong So sanh chénh léch
Ky (max) (max) (1an)

hiéu
) 0,2g 0,4g 0,6g 0,2g 0,4g 0,6g 0,2g | 0,4g | 0,6g

Taft 0,371 | 0,594 | 0,716 | 0,057 | 0,196 | 0,286 | 6,50 | 3,03 | 2,50

Land 0,361 | 0,573 | 0,705 | 0,054 | 0,178 | 0,254 | 6,68 | 3,21 | 2,77

Nort 0,424 | 0,616 | 0,711 | 0,086 | 0,225 | 0,293 | 4,93 | 2,73 | 2,42

105



Htta Thanh Than, Nguyén Ngoc Phiic, Lé Vin Han

1.00 1.00
TAFT LAND
o 075 0.716 o075 0.705
e EKhéng gia cuong GFRP e m Khéng gia cuong GFRP
=4 0.594 =1 e
= ® Gia cuémg GFRP Eal = Gia cuomg GFRP
Eos0 Eoso
(=13 .
b 0.371 ©
£ &
= 025 | = 025
0.00 - 0.00 -
a) 028 0.4g 0.6g b)
PGA(g)
1.00
NORT
0.75 0.711

=) m Khéng gia cutmg GFRP

e 0.616

=

= ® Gia cuéng GFRP

B

i 030 0.424

(=g

=

& 0.293

2 025 0225

0.086
) 0.00
L 0.2g 0.4g 0.6g
PGA (g)

Hinh 16. Do giam ID cua khung co gia cuong va khong gia cwong GFRP
khi chiu cac tran dong dat

3
4 el y - ' '
ol o
: :
:
=
& 2 &
-4
1 y y . . ; y y 1 .
) 05F----F- s ........ [ R - ----------------- e s - 8 ... Lraenemes i a=masses foeenees : ........ fetvases iotameves foeeees o
5 : ] £ :
8 ) - i : I
0 | i | | | | i 0 i [
0 5 10 ik 20 25 30 e 40 1] 5 10 15 20 25 30 35 40
Time (s) Time (s)
a) b)

Hinh 17. Quan hé DI va thoi gian tai vi tri chan cot $6 2 do tran dong dat NORT
voi PGA = 0,6g
a. DI khong gia cuong; b. DI co gia cuong GFRP
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Gi4 tri DI bing nhau, khung gia cuong GFRP chiu dugc cuong d6 dong dat manh hon
khung khong gia cudng theo cac tran dong dat Taft, Land va Nort. Két qua, 16n hon 2,95 lan (trin
dong dét Taft); 3,05 1an (tran dong dat Land); 3,20 lan (tran dong dét Nort) khi c6 va khong co gia
cuong GFRP theo Bdng 11, Hinh 18.

Bdng 10. Muc do tang PGA khi cung DI

Ke PGi:c(ll;‘l;g“g Ii’fc‘; ((:I:’ So sinh PGA c6 gia
Y DI g g€ |8 € | cwdong GFRP/ khong
hi¢u GFPG) GFRP) | sia cwong GFRP (Iin)
8 ®
0,371 0,20 0,76 3,80
Taft
0,594 0,40 1,18 2,95
0,361 0,20 0,82 4,10
Land
0,573 0,40 1,22 3,05
0,424 0,20 0,88 4,40
Nort
0,616 0,40 1,28 3,20
1.25 118 1.25 1.22
uPGA khéng gia cuong GFRP = PGA khéng gia cudng GFRP
00 EPGA gia cudng GFRP .00 WPGA gia cudng GFRP
TAFT 052  LAND
0.76
5075 ) 0.75
S 3
A 0.50 A 0.50
0.25 | 0.25 -
0.00 ‘ 0.00
i 0.371 o 0.594 b) 0.361 2 . 05713
Mikc d hw hai (DI) Mirc d6 hw hai (DI)
1.50
B PGA khong gia cuong GFRP 128
= PGA gia cudng GFRP
NORT
1.00 s
>
3 0.75
A~
0.50 04
0.25 -
0.00 - ‘
o 0.424 0.616
Mirc d6 hw hai (D)

Hinh 18. Quan hé mirc d¢ ting PGA va gid tri DI bang nhau c6 gia cuong GFRP
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5. Két luin

Bai bao di trinh bay két qua DI cua khung BTCT c6 va khong cé gia cudng GFRP, duoc
phan tich bang phwong phép s boi phan mém MATLAB R2014a két hop véi két qua phan tich
tir SAP2000 bang phan tir phi tuyén LINK g xir tré theo md hinh Takeda (1970) c6 xét dén cac
tran dong dat Taft, Land va Nort.

Chu ky dao dong ciia khung trong nghién ctru nay 14 1,30s x4p xi voi chu ky dao dong trong
nghién ctru ciia Eslami va Ronagh 1a 1,28s.

Gia tri DI cta khung khong gia cuong 16n hon 2,42 lan khung gia cudng GFRP khi cing
chiu mot tran dong dat.

V6i Gié tri DI bang nhau, gia toc nén PGA dong dat 16n hon 2,95 1an (trdn dong dét Taft);
3,05 lan (tran dong dét Land); 3,20 lan (tran dong dat Nort) khi c6 va khong co6 gia cuong GFRP.
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