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TOM TAT: Bé tong cii trong xay dung rat nhiéu, va dang dugc nhiéu nghién ctru quan tam dic biét. Théng qua nghién
ctru s& cho thdy duoc tng xir co hoc ciia mau vat liéu bé tdng cét thép co chira cdt lidu tir bé tong cii. Cac dic trung co hoc
nhu cuong d6 chiu nén, cudng do chiu udn va modul dan hdi cua vat liéu nghién ciru dé so sanh véi tng xir co hoc cua bé
t6ng cdt liéu tw nhién co cuong do chiu nén la 250 MPa. Két qua cho thdy miu sir dung cét liéu cii ¢ tinh chat co hoc va
cuong do chiu nén tang 1én.

ABSTRACT: Old concrete in construction is a lot, and is receiving special attention from many studies. Through the study
will show the mechanical behavior of samples of reinforced concrete materials containing material bolts from old concrete.
The mechanical properties such as compressive strength, flexural strength and elastic modulus of the studied materials are
compared with the mechanical behavior of natural aggregate concrete with compressive strength of 250 MPa. The results
showed that the samples using old aggregates had increased mechanical properties and compressive strength.

TU KHOA: old concrete, reinforced concrete, compression column.

1. GIOI THIEU 150 150

Str dung vat liéu tir bé téng ca than thién voi méi truong S
sinh thai, day 1a loi thé quan trong nhat cua vat liéu xanh
nay. Qua trinh khai thac d4, sau 6 nghién nho doi hoi phai
sir dung c&c ngudn tai nguyén thién nhién va ché bién co
khi. Viéc sir dung lai bé téng cii s€ tao ra vong doi mai cho
cdt lidu doi hoi ché bién rat it nén nguyén liéu ty nhién
khdng bi anh hudng. Thém vao d6 viéc xu ly bé tong ci
chiém it khong gian hon viéc dé bé tong phan hay ¢ bai
chén Iap. Bé téng cii cé tinh linh hoat cao, ¢6 thé dugc sir
dung véi nhiéu chtrc ning khac nhau phu hop Vvé6i cac tng —
dyng trong xay dung nhu cic du an canh quan hay cai tao Hinh 1: Chi tiét mdu khong bé tri thép va b tri s = 25mm

nha o. 150 150

Va qua dic diém ky thuat cua bé tong M250 c6 st dung
bé téng cii dé so sanh vai bé tong M250 khong sir dung bé
tong cii qua thi nghiém nén mau cot, khao sat cho thay
duoc viéc sur qung thay thé vat Iiéu’ khai ~theic tur tu nhién
trén co s& nguon nguyén vat liéu, thiét bi san c6 va phu hop
vai khi hau cua Viét Nam.
2. QUA TRINH THIi NGHIEM VA SO PO TiNH

2.1. Quy trinh thuc hién
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Bét dau d6 cac mau thi nghiém véi nhém bé tong co
cuong d6 M250 véi mau 0% bé tong chira cot liéu cii va
mau 30% bé tdng chira cot ligu cii. Panh ddu cac miu dé Hinh 2: Chi tiét cac mdu bé tri cét dai véi s = 30 — 50mm
qué trinh thi nghiém nén va thong ké két qua khong bi _
nham lan. Bao dudng ding theo quy dinh dé bé tong dat Vat li¢u: Bé tong co cuong d6 M250 voi mau 0% bé tong
dugc cudng d6 nhit dinh. chl’rg cot Ii@u ¢l va mau 30% bé téng chuaa cot liéu ct. Pay

Tién hanh thi nghiém nén miu vai cac mau bé tong hinh  1a cap d6 bén thuong dugc sir dung trong cac cong trinh.
tru vuéng dugc bd tri thép va khong duoc bd tri thép dai.  Received: 12, 06, 2021
Xac dinh kha nang chiu nén cia cac té hop mau véi cic  Accepted: 01, 12, 2021
mau khong dugc bo tri cot thép va dugc bo tri cot thép dai. *Corresponding Author: Nguyén Pinh Du

Email: dinhdu85@gmail.com

JSLHU, Issue 13, December 2021


mailto:dinhdu85@gmail.com

Nghién Ciu Thyec Nghiém Ung Xir Cét Bé Tong Cot Thép C6 Chura Cét Liéu Tir Bé Tong Cii

D¢ dam bao df tin cdy, tinh da dang va kiém nghiém
duoc sy anh huong cua ham luong cot thép d,QC dén bién
dang, can chon mau c6 hai loai ham lugng cét thép khac
nhaq la1,5% v~a 2%. ) N i )

S6 lugng mau: Chon s6 luwong mau du lon dé c6 dugc s6
liéu thi nghiém dam bao d6 tin cay. Theo cac thi nghiém vé
do cuong d6 va do md dun dan hdi cua bé tong thi 1 t6 hop
mau gom cé 3 mau.

Bé tong cot thép 1a vat liéu khong dong chat, va dé dam
bao tinh bao quat trén tiét dién da b tri cac diém do cho
mot mau ther. Nhu vay, mdi mau thir duoc bé tri 1 diém do
bién dang bé tong va 1 diém do bién dang cbt thép. S6
lwong phép do nay la du lon dé dam bao d tin cay trong thi
nghiém do bién dang két ciu bé tong cbt thép.

Hinh 3: Cét thép diroc gan SG ¢ 3 logi dai s=50, 30 va 25
Sau khi 1ong thép da hoan thién, cac long thép dugc dat
vao khuon duc mau di duoc gia cong trudc theo diing kich
thudgc thiét ké.

Hinh 4: Cong tac gia cong khudn mau

Céc cap phdi str dung trong thi nghiém duoc dac va thir
cuong d6 trude dé dam bao cuong do bé tong thuc té gan
V6i cudng do bé tong thiét ké nhat. Cong tac can do khdi
lwong cac thanh phan cip phéi dugc thuc hién dudi sy kiém
soat.

Dung bua g6 nhe xung quanh thanh khuén cho nuéc Xxi
méng chay déu tranh ré mat khi thdo khudn. Dung bay xoa
phing mat khuén. Ghi nhan (hang muc, ky hiéu mau, ngay
duc, méc, ngudi diac) va dem dudng hd. Mau sau khi dudng
ho du ngay sé& lam thi nghiém nén, mit chiu nén phai la mat
tiép xdc vai thanh khudn.

P

Hinh 6: Cong tdc dirong hg mdu cgt thi nghiém

Sau khi mau thi nghiém du ngay tudi, ta tién hanh lip dat
cac cam bién do bién dang (Straingauge) trén than cot dé do
bién dang.

Tién hanh lip dat cac cam bién do bién dang
(Straingauge) trén cot bé tong. Ly gidy nham 1am sach be
mat, dang con 90° vé sinh bé mat bé tong, dan Straingauge
vao vung bé tong da duoc vé sinh va cubi cung han néi day
tin hiéu vao dau Straingauge.

Hinh 7: Ldp ddt cac cam bién do bién dang (Straingauge)
trén cgt bé téng

2.2. So db thi nghiégm

Chon cot BTCT chiu nén dtng tdm voi thi nghiém pha
hoai mau.

Dé dam bao lyc tac dung ding tim 1én mau thi phai thyuc
hién:

- Vit lidu ché tao khung gia tai phai gidng nhau.

- Mau trude khi dua vao thi nghi¢m can phai dugc
gia cong lam phang hai dau Mt phing hai dau miu phai
vudng goc véi truc mau, néu léch thi khong duoc qua 1on.

- Piém dat lyc tac dung 1én mau vao dung tam tiét
dién tron. Hai dau mau dat thém tim dém bang thép.
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Hinh 8: Mdu nén trén hé khung gia tdi

2.3. Quy trinh thi nghiém

Khi bé tong du cuong do, qué trinh thi nghiém nén cac
mau cot dugc thuc hién. Quy trinh co ban gom cac budc
sau:

Kiém tra, chuan bi may nén mau: Kiém tra sy hoat dong
clia may dé phat hién sy bat thuong (néu cd) nham giam
thiéu cac rai ro do may méc trong qué trinh thi nghiém.
Dinh vi va ¢b dinh 02 dau tya 1én bé mat may nén bang keo
epoxy.

Vé sinh mau thi nghiém, dat mau thi nghiém lén may
nén, can chinh va danh dau vi tri cac cam bién, kiém tra su
hoat dong cua cac cam bién bang dong hd do van ning
(VOM), két ndi cac cam bién (bién dang va luc) vao hé
thong thu thap dir liéu.

Tién hanh gia tai & muc do rat nho (=0.5kN) dé kiém tra
hoat dong cua hé thong.

Tién hanh gia tai v6i toc do xap xi 1.0 kN/s ddng thoi
quan sat mau nham phat hién thoi diém xuat hién cac vét
nit va sy phat trién cua chung.

3. KET QUA TINH
3.1. Phwong phap giai tich (M& hinh caa Mander)

Mander va cac cong sy (1988) da dé& xuat mot mo hinh
thdng nhit cho bé téng c6 kiém ché nd ngang &p dung cho
ca cbt dai xodn dang tron va cét dai roi hinh chir nhat (Hinh
2.9). M6 hinh nay di xét t6i anh huong cua sy phan bé cot
thép doc va ct dai trong cot. Puong cong wng suat - bién
dang dugc xay dung dua trén phuong trinh ctia Popovics
(1973), trong d6 hinh dang cua nhanh di xudng phu thudc
vao mo dun cat tuyén tai diém cao nhat ciia duong cong.

A

Béxﬁ"fg cé kié?n Digm phé hoai
che ng ngang cét dai ddn .ﬁ.éi'l
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Hinh 9: M6 hinh sing sudt bién dang cua bé tong theo Mander

Pé tim cuong do bé tong khi ¢ kiém ché ng ngang fec,
ing suat kiem ché higu qua duoc tinh toan dya trén higu
rng vom cua bé tong xay ra gitra cac 16p cot dai trong mit
phang thang dtng va nam ngang gitra cac cdt thép doc.

Vi tiét dién chiu ang suat kiém ché no ngang theo hai
phuong bang nhau fe.' duge tinh nhu sau:

f=f { 1,254+ 2,254 /1 i S:“ 2:'}
co co (1)

Trong d6 :

co = cuong d6 chiu nén cua bé tong khong cé kiém ché
né ngang.

1= ung suat kiém ché hiéu qua tac dung vao I5i bé tong
bang ke x fi

fi = (ing suat ngang do cot dai gy ra. ,
ke = ty s6 gitra dién tich bé téng cd kiém ché n¢ ngang
hiéu qua chia cho dién tich 16i bé tong.

Se]albs

c

e (1-r.) @

Pe- LA ty sb giita dién tich cét thép doc cot / dién tich
16i.

Céc thdng sb trong cong thic (2-14) dugc xac dinh nhu
Hinh 10.

be
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Hinh 10: L4i béténg duwoc kiem ché hiéu qud cho cét dai
hinh ch# nhdt
ds

Lép BT bao vé

L&i BT duge kiém
ché hiéu qua

Phiin 15i BT khéng
duoc kigm ché higu qua

ds-572 |

ds
MAT CAT A-A

Hinh 11: Léi bétong duwoc kiém ché hiéu qud cho cot dai hinh tron
Bién dang twong ung tai diém wng suat 1on nhét Ia:
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£
Ep =&, 1+5 f—°,°—1
co (3)
Véi gco 1a bién dang twong (ng Véi £, thuong ldy eco =
0,002.
3.2. Kha ning chju nén cuc dai

C6 thé nhén’théy xu hudng chung: khi cuong do bé tong
cang tang va cot dai cang day thi luc pha hoai cot cang lén.

Bdangl: Két qud luc tac dong lon nhdt cia thi nghiém cgt

. . . Bién Bién
Poi _F:’l(_rng K?]/1 g:j;u %gfé;Ne)” dangbé  dang cbt
tong (%0)  thép (%)
Khong cot cV1 502.08 0.00427
thép

Cot dai

a=50mm CV2 543.63  0.00346  0.00357

Cot dai Cv3 606.85  0.00303  0.00348
a=30mm

Cot dai CV4 623.49  0.00243  0.00300
a=25mm

Bdng 2: Két qua luc tdc dong lén nhat cia thi nghiém cgt

Poi twgng KY |y nén Bién Bien,
™ higu b (kN) dang bé dang cot
mau tong (%0)  thép (%o)
Khong cot
thép Bétbng CV1 444.81 0.00493
cti 30%
Cot dai
a=50mm Bé CV2 466.01 0.00357 0.00375
tong cti 30%
Cot dai
a=30mm Bé CVv3 476.06 0.00308 0.00350
tong cti 30%
Cot dai
a=25mm Bé CVv4 516.97 0.00294 0.00302
tong cii 30%
LUC NEN THI NGHIEM
650 60685 623.49
600
543.63
550 442.533
500 _—"‘"—--5.16.97
450 W---=""" T — -:;6. 06
400 444.81 466.01
350
300

Khdng cét thép Cot dai a=50mm  Cét dai a=30mm Cét dai a=25mm
—m— Litc nén thire nghiém méu cé 0% bé téng cit (kN)

= = Lyc nén thuc nghiém méu e6 30% bé téng cit (kN)

Hinh 12: So sanh gia tr; luc nén thi nghiém giita trwong hop mau
st dung 0% cét lidu cii va mdu sir dung 30% cot lidu cii

Ta thiy khi ¢t dai bé tri cang day thi cudng d6 chiu nén
ciia mau cot bé tdng cang ting lén.

Cudng do cua mau sir dung 0% cdt liéu cii khi bd tri ¢t
dai cang day thi kha ning pha hoai miu ting, kha ning chiu

lyc trung binh ciia cAc mau dwoc ting 1én 1an luot 12 7.64%,
17.27%, 19.47% so véi mau khdng cd cdt dai.

Cuong d6 cua mau khi sir dung 30% cét ligu cii khi b tri
cdt dai cang day thi kha nang pha hoai miu ting, kha ning
chiu lyc trung binh cua cac mau duoc ting Ién lan luot 1a
4.55%, 6.56%, 13.96% so véi mau khong cé cbt dai.

Kha niang pha hoai cua mau sir dung 0% cét liéu cii 16n
hon so v&i mau st dung 30% cét liéu cii, gia tri chénh léch
la 11.41%, 14.28%, 21.55% va 17.08% (rng véi mau khong
bé tri cot dai, bd tri cdt dai 50mm, 30mm va 25mm.

BIEN DANG BE TONG
0.006
0.00493
0.005
- ~~
0.004 S 00357
0.00427 0.00294
0.003 Y I
0.00346
0.00303
0.002 0.00243
0.001
0.000 - - - -
Khéng cot thép Cot dai a=50mm  Cét dai a=30mm Cét dai a=25mm
—8— Biéndang bé tong thuc nghiém mdau 0% bé tong cii (%a)
= = Bién dang bé téng thue nghiém mau 30% bé tong cit (%o)

Hinh 13: So s&nh gia tr; bién dgng cia bé tong thi nghiém giira
trieong hop mau sir dung 0% cot liéu cii va mdu sir dung 30%
cot lidu cii

Duya vao biéu db hinh 13 ta thay khi cét dai bd tri cang
day thi bién dang cét thép cua mau cot bé tong s& ting giam
xudng.

Mau sir dung 0% cdt ligu cii khi b tri c6t dai cang day
thi kha niang bién dang cua cét thép trong mau cang giam
xudng. Mau b tri cdt dai @ 6mm véi khoang cacha =30, a
= 25 mm thi kha ning bién dang trung binh cua cac mau
duoc giam xudng lan luot 12 2.47% va 15.84% so véi mau
c6 khoang cach cét dai a = 50 mm.

Mau st dung 30% cét liéu cii khi b tri c6t dai cang day
thi kha nang bién dang cua cot thép trong mau cang giam
xudng. Mau bé tri ¢t dai @ 6mm véi khoang cach a = 30
mm, a = 25 mm thi kha ning bién dang trung binh cua cac
mau duoc giam xubng lan luot 12 6.72% va 19.31% so véi
mau c6 khoang céch cbt dai a = 50 mm.

Bién dang cbt thép cua mau sir dung 0% cét liéu cii nho
hon so v&i mau st dung 30% cét liéu cii, gia tri chénh léch
la 4.86%, 0.53% va 0.78% twng véi mau bd tri cot dai
50mm, 30mm va 25mm.

3.3. So sanh bién dang miu sir dung 0% cét ligu cii
va mau sir dung 30% cot liéu cii

z \mn
Z 00
- \ h ——BE TONG CO 30% CAT
£ I \X LIEU CU DAI[a50
Eel
3 5 ——BE TONG COQ 0% CO
— LIEY U BAI[a50
2 15 1 0.5 0 05 1 15 2
Strain for tension fiber of concete, SG2(%o)

Hinh 14: So sanh bién dang cia bé tong giita trieong hop mau sir
dung 0% cot lidu cii va mdu sir dung 30% cot lidu cii
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——BE TONG CO 30% COT LIEU cU PAIl a50
100
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Strain for tension steel, SG1(%so)

Hinh 15: So sanh bién dang cua cét thép giiza triong hop mdu six
dung 0% cét lidu cii va mau sir dung 30% cot lidu cii

600
\ 500
e

=z 400
-
& \\\\ ——BE TONG GO 30%
o 00 OT LIEU CO DAl
5 \ K\ 230
3
2 \ 5

\

6]
-0.003 -0.002 -0.001 0 0.001 0.002 0.003
Strain for tension fiber of concrete, SG2(%o)

Hinh 16: So sénh bién dgng cia bé téng giita triweng hop mau sir
dung 0% cot lidu cii va mau sir dung 30% cot liéu cii

600

-

BE TONG CO 30% COT LIEU CU BAI

Loading 2P, kN
W
[w]
(=]

200 a3l
——BE TONG CO 0% COT LIEU CU BAI
a30
100
0
0 0.0005 0.001 0.0015 0.002 0.0025 0.003

Strain for tension steel, SG1(%o)

Hinh 17: So sanh bién dang cua cét thép giza triong hop mdu si
dung 0% cot ligu cii va mau sir dung 30% cot lidu cii

3.4. Tinh toan kha ning chiu nén ciia cgt theo Mander

Confined Strength Ratio .7
o 1.0 1.5 2.0
s N
v R
S = o
PRt
b= AL WA S
g —————————————= FREEY N [ £%
& o2 1 My
g9 AVAN A\
s Bioxiol 1\
=5
0.3 IN AN A
o o.r o.2 0.3
Smaliesr Effective Confiming
Srress Ratio. /68

Hinh 18: Pé thi ciia Mander

Cuong do bé tong: fcc=22.31 (MPa)

Két qua so sanh kha nang chiu nén cua cot theo thuc
nghiém va tinh toan theo co s& ly thuyét Mander duoc thé
hién trong bang 3.

Bdng 3: Bdng so sanh khd nang chiu nén cia ct theo ly thuyét va
thyrc nghiém mdu si dung 0% cét lidu cii

Cuong do Cubdng dg

. , . % theo
STT  Khoang cich dai tf}tﬁpt;)fc Mander fc
(MPa)
1 C6t dai a=50mm 24.16 22.98
2 Cét dai a=30mm 26.97 23.88
3 Cot dai a=25mm 27.71 24.99

Bdng 4: Bang so sanh kha nang chiu nén cua cét theo ly
thuyét va thyec nghiém mau si dung 30% cot liéu cii

| A Cuong do
Cuwong do theo
STT Khoang cach dai  thuc té fc

. Mander fc

(MPa) (MPa)

1 C(}t dai a=50mm 21.02 20.27

2 C(}t dai a=30mm 21.48 20.87

3 Cot dai a=25mm 22.98 21.07

CUONG PQ THEO THUC TE VA THEO MANDER - VOT 0%
BE TONG COT LIEU CU/

30 7
26.97 _Z_ 71
25 2416 — - -
---------------- Pepviany 24,99
22,98 23.88
20
15

Cét dai a=50mm Cét dai a=30mm Cét dai a=25mm

—— Cuimg do thue nghiémfc mau 0% bé tong cii (MPa)
=~ Cucng do theo Mander fe mau 0% bé téng cii (MPa)

Hinh 19: Biéu dé thé hién cirong do theo thyc té va theo Mander
mdu sir dung 0% cot lidu cii
Cuong d6 thuc té theo thi nghiém nén mau 16n hon so
véi tinh toan theo Iy thuyét cua Mander khoang 4.87% dén
11.47%, véi thanh phan bé tdng mau sir dung 0% cét lisu
Cu.

CUONG DQ THEO THUC TE VA THEO MANDER - VOT 30%
BE TONG COT LIEU €U

25

22.98
23 . 21.48
21  S——— TR -
19 20.27 20.87 2107
17
15

Cét dai a=50mm Cét dai a=30mm Cét dai a=25mm

—— Cuwong do thuc nghiémfe mau 30% bé téng cii (MPa)
- @~ Cudmg do theo Mander fe méu 30% bé téng cit (MPa)

Hinh 20: Biéu dé thé hién cirong dé theo thyc té va theo Mander
mau si dung 30% cét liéu cii
Cuong d6 thyc té theo thi nghiém nén mau Ién hon so
vai tinh toan theo ly thuyét cua Mander khoang 2.83% dén
8.30%, véi thanh phan bé tdng mau sir dung 30% cét lisu
Cu.
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CUONG DO MANDER - VOI 0% BE TONG CU VA 30% BE
”s TONG COT LIEU CU
Z/
24.99
25 23.88
22.98
23
. B . Wemmmmmmmmmmm———— -
B-----=-" - 2107
19 20.27 20.87 L.07
17
15 - - -
Cot dai a=50mm Cér dai a=30mm Cot dai a=25mm
—— Cuémng di theo Mander fec mau 0% bé téng cil
(MPa)

Hinh 21: Biéu do thé hién cuong @ tinh toan theo Mander véi
mdu sir dung 0% cét liéu cii va mau sir dung 30% cét lidu ci

Duya vao biéu do hinh 21 ta thiy cuong d6 tinh toan theo
ly thuyét caa Mander khi thanh phan bé téng miu su dung
0% cbt liéu cii 16n hon khi thanh phan bé tong mau st dung
30% cbt liéu cii. Gia tri chénh léch khoang 11.82% dén
15.70%.

4. KET LUAN

Thi nghiém da dat dwoc muc tiéu dé ra 1a xem xét co ché
phé hoai cua cot bé tong cdt thép c6 bd tri cbt dai va khong
bé tri cbt dai. Khi bé tdng bi kiém ché né ngang, cudng do
va bién dang déu duoc tang 1én. Trong tiéu chuan Viét Nam
TCVN 5574:2018 chua dé cap cu thé dén sy ting cuong do
cua bé tong bi kiém ché né ngang.

Do str dung lugng cét ligu tir bé tong cii nén c6 cudng do
phét trién cham & céc tudi som (tudi 7 ngay cudong do nén
dat 70% cuong do tiéu chuan). Vi bé tong co st dung cot
liéu tir bé tong cii nén phai bao dudng tot hon so vai bé
t6ng binh thuong khi dua vao ap dung thi cong thyc té.

V6i két qua thi nghiém sir dung cac mau duoc bb tri cbt
dai vudng cho thdy khi cbt dai b tri cang day cuong do
chiu nén cia mau cot bé tong cang tang 1én: Mau dugc bd
tri cot dai 6mm véi khoang cach a = 25 mm, kha ning chiu
luc trung binh ciia cac mau duoc ting 1én 2.67% so véi cac
mau duoc bé tri cot dai @ 6mm vai khoang cach a = 30 mm.

Mau duoc b tri ¢t dai 6mm vé6i khoang cach a = 30
mm, kha nang chiu lyc trung binh cta cdc mau duoc ting
[én 10.42% so véi cac mau dugc bd tri cot dai @ 6mm voi
khoang cach a = 50 mm. Qua d6 cho thiy khi khoang céch
cbt dai giam xudng nhé hon 20mm thi kha ning chiu nén
ciia mau cot gan dat dén giGi han chiu nén, cudng do ting
rat nho, cu thé s& nho hon 2.67%.

Két qua tinh toan luc nén gay pha hoai mau theo ly
thuyét Mander cho két qua nho hon so Vi t6 hop mau tur
thuc nghiém khi c6 su tham gia cua cbt dai. St dung bé
téng co cot ligu tir bé tong cii mang lai hiéu qua kinh té cao
hon va tinh chét bao vé méi trudng sinh thai.

5. LOI CAM ON

Nhém tac gia xin chan thanh cam on Trudr]g Dai hog
Lac Hong (LHU-RF-TE-19-03-03) da tao dieéu kién dé
nhém hoan thanh nghién ctu nay.
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