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Phan tich ing x(r cla khung bé téng ¢St thép mot tang
dudi tac dung cla tai trong tuan hoan khi str dung
mot s& md hinh thanh phan khac nhau cho dam va c6t
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Trudng Dai hoe Giao théng van tdi - Phan hiéu tai TP HG Chi Minh

TOM TAT Trong bai bao nay, Ung x dudi tac
| dung cla ta trong 1udn hoan clia mdt khung bé
16ng cot thép mot tang s dung Mot s6 moé hinh
thanh phdn khac nhau dugc tnh 10dn va kiém
ching véi két qua thi nghiém sdn co Cac md hinh
thanh phian duoc st dung lan lugt bao gém: mé
hinh Clough bilinear, mé hinh Takeda tn-linear va
tetra-linear va mé hinh Fiber, K&t qua cho thiy, mé
hinh tetra-linear va moé hinh Fiber cho két qua ung

xU cta khung gan var Ung xi thyc 1é nhit

TU KHOA: Khung bé 10ng ¢t thep, ang xd, t&
trong tudn hodn

ABSTRACT: In this paper, behaviors of a one-story
reinforced concrete frame subjected to cyclic loadings
with using different constitutive laws are established
and venfied by avalable expenmental results. The
consttutive laws include Cough bilinear model, Takeda
mliear and tetra-linear model, and fiber model Results
show that the Takeda fetra-linear and fiber model
exhibit celiably expenrmental behaviors of the frame

KEYWORDS: Reinforced
behavwiors, cyclic loading.

concrete  frames,

1. DAT VAN DE

Trén thuc té, két cau khung bé tang ¢St thép rat dé
bi pha huy dudi tac dung cda ddng dat. Viec tinh toan
khung bé tang <ot thép bing cic phan mém phan tg
hiu han thuding cho két qud khong chinh xac néu nhu
cac md hinh ung xU thanh phan cia dam, <ot khong
Auge su dung. € khic phuc han ché trén, bay bio nay
kiém chung viéc st dung moét var mo hinh Ung xu thanh
phan (contitustive laws) von ket qué thi nghiem khi mé
phdng mot khung bé téng cét thép.

2. THINGRIEM

Trong pham vi cia nghién ciu nay, két qua thi
nghiém cua khung bé tong c6t thep mot tang dudi
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tac dung cua tai trong tudn hoan tién hanh tai Phong
Thi nghiém Xay dung quéc gia LNEC (B6 Dao Nha)
dugc st dung (1]
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Hinh 2.2: Quy Jupt gia t3i (chuyén | ngang)

Tai trong nén theo phuong Aung P= 100 kN duoc
a3t vao hai dau Ot va gIf nguyén Qi tri trong qua tinh
gra ta1. Tai trong theo phuong ngang duac téc dung vao
vi tri ddm phia trén nhumé ta & Hinh 2 1 vén quy luat gia
131 thé hién & Hinh 2.2,
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— 0.40 Trong bai bdo nay, Midas Civil 2019 {2] vdi mé-dun
' phan tich k&t cdu phi tuyén lich s - théi gian duoc su
-"_-l e dung cho viéc tinh todn két cau khung bé tong cdt thép
Loz 86 cap & trén. Hai mé hinh dugc ap dung 13 mé hinh
B&1ng: C20/25 | khdp déo (Plastic hinge model - PHM) va mo hinh Fiber
Thép S400 (thép thurdrig) (Fiber model - FM).
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Hinh 2.3: Chi tiét ¢61 thép d8m va c6t (don vi m)
Nhu thé hién & Hinh 2.3, vat liéu sir dung bao gém:
Bé tong C20/25, cot thép doc S400, ¢St thép dai $500. Dé
@3m bio ving bé tang bi ép ngang tai mot s tiét dién "
khu vuc 3au c6t va chan cot lam viéc 18t thép dai ©4/50
mm dugc s dung thay vi ®4/100 mm,
Maba Mg- Uy
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L

Hinh 3.1: Khu vyt 161 han va cdc khép déo
trén khung bé 1ong £61 thép mat tang

Lyc (kN)

Hai mo hinh nay khac nhau bdi sir dung céc quy luat
ung xU (Constitutive laws) khac nhau cho cac cdu kiéen
thanh phén bao gém dam va cot. & day, ba mé hinh khép
déo duoc st dung bao gém mé hinh bilinear cua Clough;
mé hinh tri-inear va mé hinh tetra-linear civa Takeda

Chuyén v| ngang (mm)
Hinh 2.4: K&t qué ung xu thi nghiém L T T T T
I |

Nhu thé hién & Hinh 2.4, dudng bao quan hé luc va
chuyén vi thay déi mot cach mém mai sau khi dat gid
tri cyc dai truac khi bé tong hoan toan bi nat tai cac tiét
dién khu vyc @au v chan ¢ét. Sau diém cuc dai, duong
bao di xuéng thé hién su md rong ca cic khdp déo va
su pha huy mot phan tai mot so tiét dién hai than cot.

L =

Mé mon ubn (kN.m)

—ci(0,14x0.15)
P

3. MO PHONG TINH TOAN
Déi vdi cac két cau khung khi chiu tdc dung coa tai ! '
trong tuan hodn hay tai trong lap néi chung thudng thé o ! ) !
hién cac Ung xUf nhy hinh thanh va phat trién cac khop 00 20 00 600 200 1060
déo tai nhimg vi trf nguy hiém thé hién & Hinh 3.1, Diéu 4 cong (1e-2mp
nay duoc thé hién 16 qua két qua ung xUr t thi nghiém. 4
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Hinh 3.2: $6'h6a va ly tudng hda dudng cong
quan hé mo-men ubn - d6 cong

Mt mé hinh chudn phai cho ra cac két qud @i kem
Vi cac Ung XU nhu sau: sy suy gidm dé cung khi bién
dang gia tang, su suy gidm 86 cing khi gidm tai, su suy

gidm khd ndng chiu luc téng thé, hiéu ing P-4,
huding cua luc cat, suf suy gidm dinh két va sy truot

anh
cua

thép trong bé téng. Trong qud trinh tinh toan, thuat toan
BIAX {3) dugc sir dung dé mo phdng dudng cong quan
hé M-6. Két qud mé hinh hoa khung bé tong c6t thép &

trén Ung véi cdc mo hinh khac nhau duoc thé hién
c4ch tém tat qua cac biéu d6 i Hinh 3.3 tor Hinh 3.6.

Lyc (kN)

Chuydn v| ngang (mm)
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Hinh 3 3: M3 hinh Claugh: M hiah ly ruong hoa khép déo

va dutmg cong hut - chuyén vi ngang
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Hinh 3.4: M6 hinh tri-finear cda Takeda
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Hiph 3.5: M6 hinh tetra-inear cia Takeda



Trong mé hinh Fiber st dung & bai béo ndy, duang
cong Magenotio-Pinto (4) dugc sif dung cho thép va
auang cong Kent - Park (5] duge st dung cho bé tong.
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Hinh 3.6: M6 hinh )Fiber.' Rt rgc hda
va dudng cong Iyt - chuyén vi
K&t qua cho thay, md hinh Clough bilinear va mé
hinh Takeda tri-linear khong thé hién ddy du cac img xu
thuyc té cUa khung, ré rang nhat 1a khong thé hién dugc
su suy gidm cOa duaing bao luc - chuyén vi. Trong khi d6,
c4¢ md hinh Takeda tetra-linear vd mé hinh Fiber thé hién
kha chinh xéc sy suy gidm kha nang chiu luc cGa khung,

Mang lvong (Nm)

cmybe v tich Hy {mim)

Hinh 3.7: So sanh ndng luong tich Iy cua cdc m6 hinh
va thi nghiém

Dua theo két qua cla bi€u @6 trén Hinh 3.7, nang
Iuong tich lby tinh toan theo mé hinh Clough cho két
qua khac nhiéu nhat so vdi thi nghiém, do d6 khong
déng tin cdy dé mo ta ung xUr cua khung. Cac mé hinh
cdn lai tuong @i gdn vai két qud thuc nghiém, trong do
maé hinh Takeda tetra-tinear va mé hinh Fiber gin vdi két
qud thyc nghiém nhat.
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4.KET LUAN

Bai bdo mo 13 viéc s dung cadc mé hinh thanh
phéan khadc nhau cho dém va cot @ mo phéng tng xdr
ca khung bé tang c6t thép mét ting dudi tdc dung cla
ta1 trong tudn hoan hay tai trong lap néi chung. Két qua
cha thay, mo hinh Clough bilinear va mé hinh Takeda tri-
linear cho két qua tuang d6i khac so vdi thuc nghiém,
Trong khi d6, mo hinh Takeda tetra-linear va mé hinh
Fiber du doan kha chinh xac duang cong guan hé luc
chuyén vi ngang va nang luong tich |Gy khi bién dang
tang dan cba khung.
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Nghién ctu anh hudng clia phu gia nano carbon
dén cuong d6 bé téng nhua

B ThS. NGUYEN MINH QUANG; PGS.TS. LE VAN BACH
Truong Dar hoc Grao thong van tdi - Phan hiéu tar TP H6 Chi Minh
B KS. NGUYEN MINH TRUNG
Cong ty C6 phdn Qudn ly Sua chia Xdy dung cdu ducng Tay Ninh

TOM TAT: Bai bao gior thiéu két qué nghién cuu
su dyng nano carbon dé lam phu gia cho nhua
duong, anh hudng cua phy gra nano carbon dén
cuang dé cua bé téng nhua Tinh toan va so sanh
két c3u ao dudng mém khi co va khéng co s dyng
phu gia nano carbon cho m3t duéng bé tong nhua

TU KHOA: Nano carbon, bé tong nhua, phu gia,
cuong dé

ABSTRACT: This paper presented the research
results of carbon nanotubes as a binder modifier,
and the carbon nanotubes modified asphalt

muxture influenced on strength of asphalt concrete
(AC) Also, the paper showed the calculation and
comparnison n  designing pavement sfructures
between the AC mixture with carbon nanotubes
and the conventional AC mixture

KEYWORDS: Nano carbon, asphalt concrete,

additive, strength

1. DAT VAN BE

Nano carbon ¢6 dang hat, dang sa hodc dang 6ng,
trong d6 dang 6ng duoc st dung dé nghién cdu lam phu
gia cho bé téng nhua 13 phé bién (5.6.7).

Cac phuong phap chi yéu duac nhiéu phéng
nghién cuu st dung dé ché tao cac ang nano carbon, do
ia: phuang phap hé quang dién, phuang phap ban pha
bing laser va phuong phap 18ng dong pha hai héa hoc
(phtong phap CVD nhiét). phuang phap phan ung pha
rén trong |6 nung nhiét dé cao. Mé1 phuong phap déu co
a5c diém riéng, nguyen ly, thiét bi va cach thuc 6€ tién
hanh ché tao nano carbon cung ¢é su khac nhau

== §

o
w

Hioh 1.1; Anh CNTs chup bing SEM céng b&'
bdv nhom SHTP Labs (thang kich thude mdu 46 duoe va ]
17 hinh 96 86 13m 16 kich thutk)

- Ong nano carbon la vat liéu nano carbon dang
6ng voi dudng kinh & kich thuéc nanomet (Hinh 1.1).
Nano carbon ¢6 chidu dai 1 vai nanomet dén micromet.
Ong nano carbon dugc phat hién vao ndm 1991 bdi
Lijima. Ong nano carbon gém hailoai chinh;

+Ong nano carbon don tueng (SWCNT) ¢é céu tric
nhu mot tdm graphene cudn tran lai thanh hinh try lién
{Hinh 12).

+Ong nano carbon da tudng IMWCNT) ¢é cdu tric
nhu ahiéu tdm graphene 16ng vao nhau va cudn 1ai hodc
mot tim graphene cudn lai thanh nhiéu [4p (Hinh 1.3).

- Nano carbon ¢6 a5 cung Ign, chdng mai mon tat,
nhe nén thuang Auoc su dung dé gia cuong trong ¢ic
vat liéu composite nhu nano carbon véi polymer, nano
carbon vdi cao su hodc nano carbon véi kim loai dé tang
cuong d6 bén, 46 chdng mai mon... Day 13 dsc diém
quan trong giup cho vat ligu nano carbon duoc su dung
lam chat phu gia cho bé tong nhua [2).

Hinh 1.2: 6ng nano carbon don tuong



Hinh 1.3: Ong nano carbon da tuing

2.KET QUA SU DUNG NANO CARBON LAM PHU
GIA CHO NHUA DUONG 60/70 VA BE TONG NHUA
MAT BUONG

2.1. Kiém tra, danh gié két qua vat liéu ddu vao

- Nhya dudng: Loai nhua dudng dac nong 60/70
Shell Singapore.

- Nano carbon dugc phan tan sdn trong nhua dudng
dung dé pha ché thanh cac ty l& yéu cau: 0,05, 0,1 v
0,15% nano theo khéi lugng nhua [2}.

S-4800 10 Ok 10 8Bmm x20 Ok SE(M)
Hinh 2.1: Anh nano carbon phan tan déu
trong nhua dutng chup bing SEM

2.2. Két qua thi nghiém nhya duong

Vat liéu va cdc thi nghiem duoc thue hién tai Phéng
Thi nghiém trong diém Duding bé lil.

Sau khi cé két qud kiém tra vat liéu dau vao, tién
hanh cac thi nghiém vé nhua duang véi cac ti Ié nano
carbon khac nhau: 0, 0,05. 0,1 va 0,15%.

C4c thi nghiém thyc hién cho nhya duong:

~D6 kim lun;

- Chlsé d6 kim lun;

- Nhiét 36 héa mém:

- D¢ nhat dong luc hoc 6 60°C;

- Do kéo dai ¢ 25°C;

- Ham Jugng Paraphin;

- Diém chap chdy:

- D6 héa tan trong Trichloethylene;

- Khéi lugng rieng & 25°C;

-Tén that khéi luong:

- Ty lé @6 kim Iun con lai so voi @6 kim lun ban
Adu & 25°C;
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- D6 dinh bam vai da.
Két qua thi nghiém nhu Bang 2.1.
Bdng 2.1. Ké1 qud thi nghiém nhya dudmg
Vb1 cd¢ ty 1€ nano carbon khie nhau

Rt qub inl m (Ung vés cac
m w o Mmoo
. ~ o 005 oY [ o1s
600 510
1 Dokimiun- 100G 8 75°C. 5 guiy 0imm 00 | 530 | 500 . 510
o oo 525 | 00 | sa0
T Ov b s mmiapt 0% o oss " ase

N 20 456 %05 | 505

38 5o o fomg i b
3 [tdsnos b T v

4 Donhardong i hot 06C Towe 267 | |29 |
S DObeoda 6 25C  semiphat >100 [ 75100 | 3100 [ 2100
& __Ham luong Paraphin s 155
7 DémcropdayickemaCleveand) | C 360 333 | 8T 38y
8 _DohostantrongTnchioethylene % 9955, 9958 | 9956 | 9948
9K g riéng § 25°C g/em' | 1034 | 103 | 1034 | 1035

o chl i thi nghstm trén mb i s kK thi nghitm TFOT (Thin fim oven testh

10 Gt bimbu theo ASTM D1 754

10T 760 thit kit fung T % oo [ 085 006 083
Ty 1 46 kum fun cdn 13l 50 vr 8 kum

e ot ool 7RI | 7854 | 8085 | 849

103 DOkeo dd 6 25°C  Scvphed »50 "8 e

1D dinhbimvanda 3 3 .

Két qua mau vat héu dat yéu ciu theo Thong tu s
27/2014/TT-BGTVT.

2.3, Két qua thi nghiém mé-dun dan héi tinh

Thiét ké hdn hgp bé tong nhua ¢6 sif dung nano
carbon 14 Iya chon dude cip phdr ¢t lidu hop ly, ham
lugng nhua va nano carbon téi uu vé mat kinh té ma vin
thoa man cac yéu cdu ky thuat. Hon hop bé tong nhua co
sir dung nano carbon Iua chon nham thda man nhing
tinh nang sau (2):

- Dd cudng 46 nhdm thda man céc yéu cau giao
théng ma khéng bi bién dang:

- DU @6 rdng du cia hon hap sau khi lu lén va cho
phép mat duang duoc dam nén thém nhd (3i trong cta
cac phuong tién giao thong chay trén duang, nho sy
gian nd cua nhua duding do nhiét do gia ting nhung mat
dudng khéong bi chdy nhya hay mat mat d6 bén;

- DU @6 ¢dng tac g€ viéc rdi hén hop b hiéu qua ma
khong lam phan tang vat hiéu cing nhu khéng tam gidm
d6 bén va kha ndng lam viec cha két cau;

Thiét ké bé tong nhua ¢6 sif dung nano carbon I3
qua trinh thi nghiém dé lua chon ra ham lugng nhua va
nano carbon t3i uu nhdm théa man hal yéu té: tinh chat
lién quan dén dac tinh thé tich va tinh chat co hoc theo
quy dinh cia phuong phap thiét ké.

Duéng cong cap phéi duoc st dung @& thiét ké hén
hap bé tong nhua trong nghién ciu nay nhu Hinh 2.2 [2).

i’ . 3p pr&y BTN C125

-
8t o 7 e et vt

Hinh 2.2° Dubmg cong c3p phoi hin hop sau khi phéi trn
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Lén luot chon cdc ham luong nhua 13 3,5%, 4,0%,
4,5%, 5.0%, 5,5% dé tién hanh duc mau thi nghiém cac
chitiéu coly. chi tiéu Marshall nhdm xac dinh ham luong
nhya t6i uu cba BTNC12,5 s dung nhua 60/70. Tu két
qua thi nghiém Iua chon duge ham lugng nhua t6i uu
cha hdn hgp 14 5,26% (2).

Sau khi xa¢ dinh duoc ham luong nhya t6i vy, tién
hanh tron thém nano carbon vao nhua dudng vai ham
lugng tang déan: 0,05%, 0,19, 0,15%, 0,2%, 0,25% 0 V&t
khéi luong nhya, sau dé tién hanh tago mau hdn hap
BINC12.5 nhu Hinh 2 3(2).

Phuong trinh tuong quan:

E, =554,29xA + 457,71 (n

Trong dé: E,, - Gia tn mod-dun dan héi cua bé tong
nhua, Mpa:

A - Ham luong nano carbon trong nhya dudng, %.

2.4.Tinh todn danh gia hiéu qué ky thuat

Dat van dé: Xac dinh chiéu day ca lop bé tong
nhua chat hat min ¢é si dung nano carbon (0,1%) dé c6
mo-dun dan héi chung tuong duong véi mo-dun dan
héi chung cua két cdu 0 dudng ¢6 16p mat bé 1ong nhua
chat hat min khong si dung nano carbon, tif d6 xac dinh
lai chiéu day cua lop bé tong nhua chat hat min ¢6 sir
dung 0,1% phu gia nano carbon.

Dé xuat két cdu do dudng (Két ciu 1) cap cao At ¢
16p bé tong nhua chat hat min khong s dung 0,1% nano
carbon va két cau 3o duding (Két cdu 2) cdp cao Al c616p
bé tong nhua chat hat min ¢6 st dung 0,1% nano carbon
nhu B84ng 2.3.

Bdng 2.3. KL c8u do duong su dyng phédn tich
Ké( c8u

Hinh 2.3: Ché b1 mdu vbi cc ty 1é: 0%, 0,05
v 0,25% nano carbon thém vdo trong nhya duvng

0 1% 0.15% 0.2%

Két qua thi nghiém mao-8un dan héi dugc théng ké
nhu 8dng 2.2,

B4ng 2.2. KET qua thi nghiém m6-dun dan héi BTNC12.5
€0 st dung nano carbon

| W HiCh Ut mbu, mm Thé ok XMy | Kb g chd Och kha, glem”

M D mluow  mhug | Thnghigm  Tumgbin
| oW Ty Tote | oeua s 228
l} i 1187

wo o o D omaa | wees_am

’ ~),

'’ oo t mo-dun " o h -
* e o o ons o2 028
VoM s s v a7

L el e T o iy, TR

TuU két qud thi nghiém trong Bdng 2.2, dua ra cac
nhan xét nhu sau:

- Két qua thi nghiém trén cho thdy gid tn mo-dun
dan héi cua bé tong nhua tang theo ham luong nano
carbon trdn vao nhua duding. Cu thé, khi thém 1an lugt
0,05,0,1,0,15,0,2 va 0,25% nano carbon thi mé-dun dan
héi cua bé téng nhya tdng lan Jugt 6,4, 15,4, 17,1, 22,5 va
23,5% so voi mau bé tong nhua khong ¢6 phu gia nano
carbon. M6-dun dan hai cia bé tong nhua ting nhiéu
nhat khi gia ¢6 phu gia nano carbon g tité 0,1%.

- C6 thé thiét lap mi lién hé giia gia tr mo-dun dan
héi cua bé tong nhua va ham luong nano carbon héi qui
theo qui fuat ham tuyén tinh nhu biéu thac (1) vdi hé s6
Rbinh phuang 14 0,976,

"

Hinh 2 4: Biéu 6 tvong quan giva mé-dun
dan hoi bé 16ng nhua va ham luong nano carbon

(an]

BTN C12,5 khong cé nano; h = 8 cm
Cap phoéi dé damloall h= IS cm'E
Cép phon aa dam loai Il;

=300 MPa

Dat nén chon Ioc E,

K&t ciu 2

BTNCIZ 5 sudungo 1% nano,
Cap phdi aa dam Ioa
Cap phéi da dam Ioau [}

Dal nén chon Ioc E = 42 MPa

Sau khi tinh toan hai ket ¢ :au 40 duang & uén theo
22TCN211-06 [4), két qua cho thiy mo-dun dan héi
chung cia har két cdu do dudng trén tuong duong nhau:
E,. = E,,= 169 Mpa.

Nhan xét: Tu két qud thi nghiém cho thay, néu strdung
0.1% nano carbon cho I¢p bé 1éng nhua chat thi sé gidm
duac chiéu day ca I6p nay xuéng 8 cm - 7 cm = 1.¢m so
vai khi khong st dyng nano carbon (tiét kiém duoc tuong
duong 14,3% chiéu day l6p bé tong nhua chat C12.5).

3.XET LUAN

8udc dau nghién ciu cho thay, viéc teon thém nano
carbon vao nhua duong ché tao bé tong nhua vai mot
ham luong hap ly (khodng 0,1% theo khéi lugng nhua
duaong) sé lam tang mo-dun dan héi cta bé tong nhua
1én 15,48, 6ng nghia vdn viéc gidm duoc chiéu day cua
lop bé tong nhua trong két cau o dudng mém,

L&i ¢cdm om: Chang to) chan thanh cdm on su hé
tro cua Truong Dai hoc GTVT v6i ma s8 dé tai T2019-
PHII-014TD.
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