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Phan tich img XLT cua khung be tong cot thep mot tang 
diioi tac dung cua tai trpng tuan hoan khi sir dyng 
mot so mo hinh thanh phan khac nhau cho dam va cot 

• ThS. VU O O A N QUAN.ThS. NGUYEN CONGTHLTC 
Trudng Dgi hpc Giao thdng vdn tdi - Phan hiiu tai TR Hd Chi Mmh 

T 6 M T A T : Trong b i i b io niy, ung xu dudi t ie 
dyng cGa t i i trpng tuan hoan cOa mdt khung be 
long cot thep mdt tang su dung mpt so mo hinh 
thinh phan khic nhau duoc imh to in v i kiem 
chung v6i k i t qu i thi nghtem sin c6 Cic mo hinh 
thinh phin duoc su dyng lan lupt bao gom: mo 
hinh Clough bilinear, mo hinh Takeda tn-linear v i 
tetra-linear v i mo hinh Fiber, Ket qu i cho thiy, mo 
hinh tetra-linear v l mo hinh Fiber cho ket qu i ung 
xd cija khung gan v6i ung xd thyc te nhat 

TL/ K H 6 A : Khung be tong cot thep, Ong xy, t i i 
trong tuin hoin 

ABSTRACT; In this paper, behaviors of a one-story 
reinforced concrete frame subjected to cyclic loadings 
with using different constitutive laws are established 
and verified by available experimental results. The 
constitutive laws include Cough bilinear model, Takeda 
tnliear and tetra-linear model, and fitjer model Results 
show that the Takeda tetra-linear and fiber model 
exhibit reliably expenmental behaviors of the frame 

KEYWORDS: Reinforced concrete frames, 
behaviors, cyclic loading. 

I.DATVANO£ 
Tren thue te, k i t c iu khung b l tdng cdt t h i p rat de 

bj ph i huy dudi t ic dung cua ddng dat. Vilc tinh to in 
khung be tdng cdt thep b ing eic phin mem phan td 
hCfu han thudng cho k i t qu i khdng chinh xac n lu nhu 
cie md hinh Cfng xd thanh phan cua dam, edt khdng 
duoc sd dung. D l khic phuc han ehe tren, bai b lo niy 
kiem chCfng vi lc sd dung mdt vai md hinh dng xd thanh 
phin (contitustive laws) vdi k i t qu i thi nghilm khi md 
phdng mdt khung b l tdng cdt thep. 

2 . T H I N G H I £ M 

Trong pham vi cua nghi in cdu nay, k i t qu i thi 
nghi lm cua khung be tdng cdt t h i p mot t i ng dUdi 
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tac dung cua tSi trong tuSn ho^n ti^n h^nh tai Phdng 
Thi nghiem Xay dung quoc gia LNEC (Bo O^o Nha) 
duoc SLfdung [IJ. 
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Hinh 2.2: Quy lu^t gia til (chuyin vf ngang) 
Tii trpng n ln theo phuong ddng P= 100 kN dupe 

dat v io hai dau cdt v i giCf nguyen gia tri trong qu i trinh 
gia t i l .T i l trpng theo phuong ngang duoe t ie dung v io 
vi tri d i m phia t r ln nhU md t i d Hinh 2 I vdi quy lui t gia 
t i i t h lh i |ndHin / i2 .2 . 
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BSt6ng- 020/25 
Th6p S400 (thip thLfd 

S500 (thip dai) 

I 30.30 

g^aao 

Trong bai b lo niy, Midas Civil 2019 [2] vdi md-dun 
ph in tieh k i t elu phi tuyen fjeh sCf - thdi gian dupc sd 
dung cho vi le tinh to in k i t cau khung be tdng edt th ip 
de cap d t r ln . Hai md hinh dupc i p dung l i md hinh 
khdp deo (Plastic hinge model - PHM) va md hinh Fiber 
(Fiber model - FM). 

•^^'' Khu vwc Wrti ma* B*p ddo :P_ ' 

7^777 7y/>7 

t>) 
Hinh 2.3: Chi tiit dt thip dim vi cdt (don vi m) 

Nhu t h i hi ln d H]nh 2.3, v i t l i lu sd dung bao gdm: 
Bl tdng C20/25, edt th ip dpe S400, cdt t h i p dai S500. De 
d im b io vung b l tdng bj I p ngang tai mdt sd t i l t d i ln 
khu vuc d iu edt v i chin cot l im vi lc tdt, th ip dai <D4/50 
mm dupc SLf dung thay vi Cl)4/100 mm. 

"1 I 

Chuyin v| ngang (mm) 

Hinh 2.4: Kit qui ung xd thinghiim 

Nhu the h i ln dH;n/i 2.4, dudng bao quan he lUc v i 
chuyin vi thay ddi mdt cich mIm mai sau khi dat g i i 
trj cue dai trudc khi b l tdng hoin to in bl nCft tai cie tiet 
d i ln khu vUe dau v i chin cdt. Sau d i lm eUc dai, dudng 
bao di xudng t h i h i ln sU md rdng eua cic khdp d io va 
s^ ph i huy mdt phan tai mot so t i l t dien hai th in edt. 

3.MdPHdNGTfNHT0AN 
Ddi vdi cle k i t cau khung khi ehiu t i c dyng cua tai 

trpng tu in holn hay t i t trpng l ip ndi ehung thudng the 
hien eic Cfng xd nhu hinh th inh v i phi t trien cic khdp 
d i o tai nhCfng vj tri nguy h i lm the hi ln d Hinh 3.1. Di lu 
n iy duac t h i h i ln rd qua k i t qu i Otig xCf tif thi nghilm. 

77777 77777 

Hinh 3.1: Khu vuc tdi han vi cic khdp dio 
trin khung bi tong cot thep mdt ting 

Hai md hinh nay khic nhau bdi sCfdung eie quy lui t 
Cfng xd (Constitutive laws) khae nhau cho cac cau ki ln 
thanh phan bao gom dam va cot d diy, ba md hinh khdp 
deo duac sCf dung bao gdm md hinh bilinear cua Clough; 
md hinh tri-linear v i md hinh tetra-linear cua Takeda 
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Hinh 3.2: SShda vi ly tudng hda dudng cong 

quan h^ md-men uin - dp cong 

Mdt md hinh chuin phl i cho ra cle k i t qu i di k^m 
vdi cle Lfng xCf nhu sau: sU suy gi lm dd cdng khi b i ln 
dang gia t ing, sU suy g i im dd cCfng khi gi lm t l i , sU suy 
g i lm kh i ning chju lUc tong th i , hieu Cfng P-d, Inh 
hudng cua lUe cit, sU suy g i lm dinh k i t va su truot cua 
t h i p trong b l tong. Trong qu i trinh tinh to in, thuit to in 
BIAX 13] dupe sd dung de md phdng dudng cong quan 
he M-Q. Kit qu i md hinh hda khung b l tdng cfit th ip d 
t r l n dng vdi cic md hinh khic nhau duoc the hi ln mdt 
cich tdm t i t qua eic bi lu dd tii Hinh 3.3 toi Hinh 3.6. 

Chuyir t v( ngang (mm) 

Hinh 3.4: M6 hinh tri-linear eua Takeda 

F I K-

Hinh 3 3: M6 hinh Clough: Mo hinh ly^ tudng hda khdp dio 
vi dudng cong luc - chuyin vi ngang 

« - 3 a e M N M M i w u i 

CtujyAn v\ ngang (mm) 

Hinh 3.5: Mo hinh tetra-linear cua Takeda 



Trong md hinh Fiber sCf dung d b i i b io niy, dudng 
cong Magenotto-Pinto [4] dUpc sd dung cho t h i p v l 
dudng cong Kent - Park [5] dupe sCf dung eho b l tdng. 
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t3) 
Hinh 3.6: M6 hinh Fiber Rdi rac hda 

vi dudng cong li^ • chuyin vi 

Kit qu i eho thiy, md hinh Clough bilinear v l md 
hinh Takeda tri-linear khdng the hien day du eie Cfng xd 
thuc t l cua khung, rd r ing nhat l i khdng t h i h i ln dupc 
su suy g i im cua dudng bao luc - chuyin vj. Trong khi dd, 
eie md hinh Takeda tetra-linear v i md hinh Fiber the h i ln 
kh i ehinh xic susuy g i lm khi ning chju lUc eua khung. 

Hinh 3.7: So sinh ning lupng tich luy eiia eie md hinh 
vi thinghiim 

Dua theo k i t qu i cua bieu dd t r ln Hinh 3.7, n ing 
lupng tich lijy tinh to in theo md hinh Clough cho k i t 
qu i khic nhi lu nhi t so vdi thi nghilm, do dd khdng 
d ing tin ely d l md t l Cfng xd eua khung. Cie md hinh 
edn lai tuong ddi g i n vdi k i t qu i thue nghiem, trong dd 
md hinh Takeda tetra-linear v l md hinh Fiber gan vdi k i t 
qu i thuc nghi lm nhit. 
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4. K^T L U A N 

Bai b io md t l viec sd dung cic md hinh th inh 
phan khic nhau cho d i m v i edt de md phdng Cfng xCf 
eua khung b l tdng cdt thep mot tang dudi t ic dung cua 
t i l trong tu in hoin hay t i i trong l i p ndi chung. Kit qu i 
eho thiy, md hinh Clough bilinear v i md hinh Takeda tri-
linear eho k i t qu i tuong ddi khic so vdi thUc nghiem. 
Trong khi dd, md hinh Takeda tetra-linear v i md hinh 
Fiber du doln kh i chinh xic dudng cong quan h i lUc 
chuyin vj ngang v i nang lupng tich luy khi bien dang 
t ing d i n cua khung. 
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Nghien cuu anh huomg cua phy gia nano carbon 
den cuong dp be tong nhya 
• ThS. NGUYEN MINH QUANG; PGS. TS. LE V A N B A C H 

Trudng Dai hoc Giao thong van tdi - Phdn hiiu tai TP. Ho Chi Minh 
• KS. NGUYEN MINHTRUNG 

Cdng ty Co phdn Qudn ly Sua chua Xdy dung cau dudng Tdy Ninh 

T O M TAT: Bai bao g o thieu ket qu i nghien cuu 
su dung lano carbon de l i m phg gia cho nhLfa 
duong, anh hudng cua phy gia nano caii>on den 
cuong dd cua be tong nh^a Tmh to in va so sanh 
ket cau ao dudng mem khi co v i khong co sd dung 
phu gia n.ino carbon cho mgt dudng be tong nhua 

TLf KH6A: Nano carbon, b6 tong nhua, phg gia, 
CLKjng dp 

ABSTRACT: This paper presented the research 
results of carbon nanotubes as a binder modifier, 
and the carbon nanotubes modified asphalt 
mixture influenced on strength of asphalt concrete 
(AC) Also, the paper showed the calculation and 
comparison in designing pavement structures 
beMeen the AC mixture with carbon nanotubes 
.ind the conventional AC mixture 

KEYWORDS' Nano carbon, asphalt concrete, 
additive, strength 

i . eATvANO£ 
Nano carbon ed dang hat, dang soi hoac dang dng, 

trong dd dang dng duoc sddung de nghien eCfu l im phu 
gia cho be tdng nhira l i phd b i ln (5,6,7). 

Cic phuang phip ehu yeu duoe nhi lu phdng 
nghiin ciAi sCf dyng d l ch i tao eic dng nano eartwn, dd 
l i ; phuang ph ip hd quang di ln, phuong ph ip b in ph i 
b ing laser va phuang ph ip l ing dpng pha hoi hda hpc 
(phucmg phip CVD nhiet), phuong ph ip phin Cfng pha 
r in trong Id nung nhi l t dp cao. Moi phuang phip d iu ed 
die d i lm ri lng, nguyen ly, th i l t bi v l cich thdc d l t i ln 
h inh ehe tao nano carbon cung ed sU khic nhau. 

Hinh 1.1: Anh CNTschup bing SCM cdng bi 
bdi nt>dm SHTP Labs (thang kich thudc miu dd dupc vi l$l 

tuhlnh gic dilim ro kich thudc) 
- 6ng nano carbon l i v i t l i lu nano carbon d^ng 

dng vert dudng kmh d kieh thudc nanomet (Hinh J.l). 
Nano cartran cd chieu d l i td v l i nanomet den micromet. 
6ng nano carbon dupc phi t hien v io n i m 1991 bdi 
Lijima. Ong nano carbon gdm hai loai chinh: 

+ (5ng nano carbon don tudng (SWCNT) cd c lu trOc 
nhu mdt t i m graphene cudn trdn lai th inh hinh tru l i ln 
(Hinh IJ). 

+ 6ng nano carbon 6a tUdng (MWCNT) cd c lu true 
nhu nhieu t i m graphene Idng v io nhau v i cudn lai hole 
mdt t i m graphene cudn lai th inh nhi lu ldp (Hinh 1.3). 

- Nano carbon cd dd eCfng Idn, ehdng ml i mdn tdt, 
nhe nen thudng dupe sd dung d l gia cudng trong cAc 
v i t l i lu composite nhu nano carbon vdi polymer, nano 
cartxjn vdi cao su hoic nano carbon vdi kim loai de t ing 
cudng dp b in , dd ehdng ml i mdn... Oiy I I d ie d i lm 
quan trong giup cho vat lieu nano carbon duoc sd dung 
lam chit phu gia cho be tdng nhua [2]. 

Hinh 1.2:6ng nam carton don tudng 
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Hinh 1.3:6ng nano carbon da tudng 

2. K £ T Q U A SCr DUNG NANO CARBON L A M PHU 
GIA CHO NHLTA D I / O N G 60/70 VA BE T O N G N H U A 

MATDI/ONG 
2.1. K i lm tra, d i n h g i l k i t q u i v i t lieu dau v i o 
- Nhua dudng: Loai nhua dudng die ndng 60/70 

Shell Singapore. 
- Nano carbon dupc phin t i n sSn trong nhua dudng 

dung d l pha c h i th inh cic tjf I I y lu c iu: 0,05, 0,1 v i 
0,15% nano theo khdi lUpng nhua [2], 

Hinh 2.1: Anh nano carbon phin tin diu 
tiong nhua dudng chup bing SEM 

2.2. K i t q u i thf nghiem nhUa dudng 
Vit l i lu v i cic thi nghiem dupc thue hien tai Phdng 

Thi nghiem trpng diem Dudng bp til. 
Sau khi ed k i t qu i k i lm tra v i t lieu dau vio, t i ln 

hinh eie thi nghi lm v l nhua dudng vdi cie ti le nano 
carbon khie nhau: 0,0,05,0,1 va 0,15%. 

Cic thi nghilm thue hi ln cho nhua dudng: 
-Op kim lun; 
- Chi sd dp kim lun; 
-Nhiet dp hda mIm; 
- Dp nhdt ddng lUe hpc d eo^C; 
-Ddk lod i id25«C; 
- H im lupng Paraphin; 
- D i lm chdp chiy; 
- Dd hda tan trong Trichloethylene; 
- Khdi lupng r i lng d 25"^; 
-Tdn th l t khdi lupng; 
• Ty I I dd kim lun cdn lai so vdl dd kim lun ban 

d i u d 25''C; 

- €>d dinh b i m vdi da. 
Kit qu i thi nghi lm nhu Bdng 2.1. 

Bing 2.1. Kit qui thinghiim nhua dudng 
vdi cic tyle nano cart>on khic nhau 

1 £ » b m lun - lOOg i 2SX. 5 »4y 

2 O v t d l K l i a n l u n P I 

3 I N N # I d 4 t i 6 a m ^ ( d u n g c u « 6 n 9 b ( | 

, 4 i f>«nh«l<I4n9KKhoca60Y 

^ S [)61.«iOali i2SK:-SaiVphut 
e ' Htm luong Psraphln 

7 |0l6ndiCpchay(cAcm«Ckne<«Kfl 

B 1 DO t i 6 a u i i trong Tnchloethylene 

9 I Kh6t lugnq iWnq e 25^: 

, . : U c c M t l « u 1 M n g t # m t r « n m i u n h u i 
CW U mtu theo ASTM 017S4 

Ty <« (TO him hin cAn W l o v<il d ^ kim 
l u n b r n d S u A I S t 

0.1 mm 1 60.0 

1 61,0 

-o.w 

^ -W, 
PaJ lib 

em >100 

«* 1,52 

•C 340 

«(. 99,55 

y™_U,,™ 

« j " „ . i ' " ' 

f o d i i O i y C - S o i V p h o t 

-£*P_ . I _' 
Kit qu i m lu v i t lieu dat yeu elu theo Thdng tu sd 

27/2014/n-BGTVT. 
2.3. K i t q u i thf ngh i lm mo-dun d i n hdi t inh 
Thilt k l hdn hpp be tdng nhua cd sd dyng nano 

carbon l i lUa chpn dupc cap phdi c6t lieu hpp ly, h im 
lupng nhua v i nano carbon tdi Uu ve mat kinh t l m i v ln 
thda man eie yeu eau ky thuit. Hdn hpp b l tdng nhua ed 
SLfdung nano carbon lua chon nhim thda man nhufng 
tinh nang sau [2]: 

- Du eudng dp nhim thda man eie yeu ciu giao 
thdng ma khdng bi b i ln dang; 

- Ou dp rdng du cua hon hap sau khi lu l l n v i eho 
ph ip mat dudng duoc dam nen them nhd t i i trong cua 
cic phuong tien giao thdng chay t r ln dudng, nhd sU 
g i in nd cua nhua dudng do nhiet do gia t ing nhung m i t 
dudng khdng bi chiy nhUa hay mat mat dp b in ; 

- Du dd edng t i c d l vilc r l i hdn hpp ed hieu qu i m l 
khdng lam phan tang v i t lieu cung nhu khdng l im g i lm 
dd b i n v i kh i ning lam vilc cua k i t eau; 

Thiet ke be tdng nhua cd sCf dung nano carbon l i 
qua trinh thi nghtem de lUa chpn ra ham lUpng nhua v l 
nano carbon tdi Uu nhim thda man hai yeu to: tinh chat 
lien quan den die tinh the tich va tinh chat co hpc theo 
quy dinh eua phuong ph ip thiet ke. 

Dudng cong d p phdi duoc sd dung de th i l t k l hdn 
hop betdng nhua trong nghiin cdu niy nhuH/n/7 2.2 [2]. 

. ;3ppt)aiBTNC12 5 

Hinh 2.2- Dudng cong c^ phdi hon hpp sau khi phdi tiqn 
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Lln luot chpn cic ham lucmg nhua la 3,5%, 4,0%, 
4,5%, 5,0%, 5,5% de t i l n h inh due mau thi nghilm cic 
chi ti&u eo ly, chi tieu Marshall nh im xic dinh h im luang 
nhi/3 tdi lfu cua BTNC12,5 sd dung nhua 60/70. Tu ket 
qu i thi nghtim lUa chpn dupc ham luang nhua tdi Uu 
cua hdn hpp i i 5,26% [2]. 

Sau khi xic djnh duoc h i m lupng nhua tdi uu, t i ln 
hinh trdn th im nano carbon vao nhua dudng vdi h im 
tupng t ing dan: 0,05%, 0,1%, 0,15%, 0,2%, 0,25% so vdi 
khdi lupng nhua, sau do tien hinh tao m i u hdn hop 
BTNCI 2-5 nhu Hinh 2 3 (2]. 

Hinh 2.3: Che bi miu vdi cie ty If: 0%.O.OS 0 1%, 0.15%, 0.2% 
vi 0,25% nano carbon tiiim vio trong nhua dudng 

Kit qu i thi nghiem md-dun d in hdi dupe thdng k l 
nhu edng 2.2. 

Bing 2.2. Kit qui thi nghiim md-dun din hdi BTNCI 2.5 
cd sddung nano carbon 

Kyh4fu KUl>thiM(mlu.nun TMUdi K M I M f n i , K M I M ^ t b f t t d i k M g K n ' 
. " * ' H ' P mill, cm' mlu, g ThI nf^^lfm Trung btath 
\ Ml I I0J,» I ) 0 i 6 i m» i«M3 J ; M 

, ^ M 
_|6SiSs1_( 

Td k i t qu i thi nghilm trong Bdng 2.2. dUa ra cie 
nhin x l t nhu sau: 

- Kit qu i thi nghilm t r ln eho thay g i i tn md-dun 
d in hdi eua b l tdng nhua t ing theo h im luong nano 
carbon trdn v io nhua dudng. Cy the, khi them l ln lupt 
0,05,0,1,0,15,0,2 v l 0,25% nano carbon thi md-dun d in 
hdi cua b l tdng nhua t ing lan luat 6,4,15,4,17,1,22,5 va 
23,5% so vdl m lu b l tdng nhua khdng cd phu gia nano 
carbon. Md-dun d i n hdi eua b l tdng nhua tang nhilu 
nhi t khi gia cd phy gia nano carbon d t i l l 0,1%. 

- Cd t h i th i l t lap mdi lien he gida g i i tn md-dun d in 
hdi cua b l tdng nhya va h im lucmg nano carbon hdi qui 
theo qui luat h im tuyen tinh nhu bieu thCfe (1) vdi he sd 
R binh phUOng I I 0,976. 

Phuang trinh tUong quan: 
E^ = 554,29xA +457,71 0 ) 
Trong dd: E^ - Gil tn md-dun d i n hdi cua b l tdng 

nhya, Mpa: 
A - H im luong nano carbon trong nhUa dUdng, %. 
2.4. Tinh toln dinh gil hilu qu i ky thult 
Di t v i n d l : Xic dinh chilu d iy cua Idp b l tdng 

nhua chat hat m|ncd SLf dyng nano cartion (0,1%) d i e d 
md-dun dan hot ehung tuong duong vdi md-dun d in 
hdi chung cua k i t eau i o dUcmg ed \dp m i t b l tdng nhua 
chat hat min khdng sddyng nano carbon, tddd xle dinh 
lai chi lu d ly ciia Idp be tdng nhua chit hat mjn cd sd 
dung 0,1% phy gia nano carbon. 

D4 xuat k i t elu i o dudng (Kit c lu 1) d p cao Al cd 
ldp b l tdng nhua chit hat min khdng sir dung 0,1 % nano 
carbon v i k i t c iu i o dudng (Kit c lu 2) d p cao Al cd Idp 
be tdng nhua chit hat min cd sddung 0,1% nano carbon 
nhu edng 2.3. 

Bing 2.3. Kit du io dudng sddyng phin tich 

Kit cSu 1 I 

BTN C 12.5 khdng cd nano;h = 8cm: E - 452 MPa 

Cap phdi d i d i m loai I; h = 15 cm; E = 300 MPa 
Cip phdi da d i m loai II; h = 30 em; E = 250 MPa 

Dat nen chon loc; E„ = 42 MPa 

Kltc^u2 

BTN C12.5 sddung 0,1% nana: h = 7 cm; E = 526 MPa 

Cip phdi d i d i m loai I; h = 15 cm; E = 300 MPa 

Cap phdi d i d i m loai 11; h = 30 cm; E = 250 MPa 

D i t n ln chpn Ipc; E„ = 42 MPa 

Sau khi tinh to in hai k i t eau i o dudng d t r ln theo 
22TCN211-06 [4], k i t qu i cho thay md-dun d i n hdi 
chung cua hai k i t d u i o dudng tren tuong duong nhau: 
E^, =E^=169Mpa . 

Nhdn x l t Td k i t qu i thf nghilm eho thay, n lu sCf dyng 
0,1% nano carbon cho Idp be tdng nhua chat thi se gi lm 
duoc chilu day cua ldp nay xudng 8 cm - 7 em = 1 cm so 
vdi khi khdng sCrdung nano carbon (tilt ki lm dUOe tUOng 
ducmg 14,3% chilu dly ldp be tdng nhUa chit Cl 2,5). 

3. K^T LUAN 

Budc dau nghien cufu cho thiy, vile trdn th im nano 
carbon vao nhua dudng ehi tao be tdng nhua vdi mdt 
h im luong hpp ly (khoing 0,1% theo khoi lupng nhua 
dudng) se l im t ing md-dun dan hdi cua b l tdng nhua 
len 15,4%, dong nghJa vdi vi lc g i lm dupe chilu d iy eua 
Idp b l tdng nhua trong k i t d u l o dudng mIm. 

Ldi e l m dn: Chung tdi chin th inh e lm on sU ho 
tro cua Trudng Dai hpc GTVT vdi m i s6 d l tai T2019-
PHII-014TD. 
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Hinh 2 4: Bieu dd tuong quan gida md-dun 
din hdi bi tdng nhua vi him luong nano carbon 
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