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TOM TAT: Bé tong cii trong xdy dung rat nhiéu, va dang dugc nhidu nghién ciru quan tdm dic biét. Théng qua nghién ctru
s& cho thay dugc ng xtr co hoc clia mau vat liéu bé tong cét thép co chira chét lidu tir bé tong cii. Cac dic trung co hoc
nhu cudng do chiu nén, cudng do chiu udn va modul dan hoi cia vat liéu nghién ctru dé so sanh vai ang xtr co hoc ciia bé
téng cét liéu tu nhién co cuong do chiu nén la 250 MPa. Két qua cho thay mau sir dung cdt liéu cii co tinh chat co hoc va
cuong do chiu nén tang Ién.

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 W L

Str dung vat liéu tir bé tong cii than thién v4i moi trudng .
sinh thai, day 1a loi thé quan trong nhit cua vat liéu xanh
nay. Qué trinh khai thac da, sau d6 nghién nho doi hoi phai
sir dung c&c ngudn tai nguyén thién nhién va ché bién co
khi. Viéc sir dung lai bé tong cii s€ tao ra vong doi mai cho
cot lidu doi hoi ché bién rat it nén nguyén liéu ty nhién
khdng bi anh hudéng. Thém vao d6 viéc xt ly bé tong cii
chiém it khong gian hon viéc dé bé tong phan huy ¢ bai
chén lap. Bé tong cii ¢o tinh linh hoat cao, c6 thé dwoc sir i
dung véi nhiéu chtrc ning khac nhau phu hop Vvé6i cac tng ! e !
dung trong xay dung nhu cac du an canh quan hay cai tao  Hinh 1: Chi tiét mau khéng bé tri thép va bé tri s = 25mm
nha .

Va qua dit diém k¥ thudt coa bé tong M250 c6 sir dung
bé tong cii dé so sénh vai bé tdng M250 khong str dung bé
tong cii qua thi nghiém nén mau coét. Thong qua khao sét 150 150
dugc viéc s dung thay thé vat liéu khai thac tir tu nhién I
trén co s& ngudn nguyén vat liéu, thiét bi sin c6 va phu hop i -
vé6i khi hau cua Viét Nam.

2. QUA TRINH THi NGHIEM VA SO PO TiNH
2.1. Quy trinh thyc hién
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Bét dau db cac mau thi nghiém véi nhom bé tong co
cuong d6 M250 v6i mau 0% bé tdng chira cbt liu cii va
mau 30% bé téng chtra ¢t lidu cii. Panh déu cac mau dé
qua trinh thi nghiém nén va thong ké két qua khong bi ! '
nham lan. Bao dudng ding theo quy dinh dé bé tong dat  yinn 2. chj tist cac méu b6 tri et dai vdi s = 30 — 50mm
duogc cuong do nhat dinh.

Tién hanh thi nghiém nén mau vai cac mau bé tong hinh
tru vudng dugc bé tri thép va khong dugc b tri thép dai.
Xac dinh kha nang chiu nén cua céc to hop mAau Vvéi céc
mau khong dugc bd tri ¢t thép va dugc bd tri cét thép dai.
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Vit lidu: Bé tong c6 cudng d6 M250 voi mau 0% bé téng
chira cét liéu cii va mau 30% bé tdng chira cdt lidu cii. Pay
la cip d6 bén thuong duoc sir dung trong cac cong trinh.

Dé dam bao d6 tin cdy, tinh da dang va kiém nghiém
duoc sy anh huéng cua ham lwong ct thép doc dén bién
dang, can chon mau c6 hai loai ham luong cét thép khac
nhau la 1,5% va 2%.
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S6 lugng mau: Chon sb Iugng mau du l6n dé co duoc sb
liéu thi nghiém dam bao d6 tin cay. Theo cac thi nghiém vé
do cudng do va do mé dun dan hdi cua bé tong thi 1 t6 hop
mau gém c6 3 mau.

Bé tong cdt thép 1a vat lidu khong ddng chat, va dé dam bao
tinh bao quét trén tiét dién da b tri cac diém do cho mot
mau thir. Nhu vay, mdi mau thir dwoc bé tri 1 diém do bién
dang bé tong va 1 diém do bién dang cbt thép. Sb luogng
phép do nay 1a du Ién dé dam bao do tin cay trong thi
nghiém do bién dang két cidu bé tong cbt thép.

Hinh 3: C6t thép dwoc gdn SG & 3 logi dai s=50, 30 va 25

Sau khi long thép da hoan thi¢n, cac ldng thép duoc dat
vao khuén dic mau da dugc gia cong trude theo dung kich
thuac thiét ke.

Hinh 4: Céng tdc gia céng khuén méu

Céc cap phdi sir dung trong thi nghiém duoc duc va thir
cuong do trude dé dam bao cudng do bé tong thuc té gan
VGi cuong do bé tong thiét ké nhat. Cong tac can do khdi
luong cac thanh phan cap phdi duoc thyuc hién dudi sy kiém
soat.

Dung bla gd nhe xung quanh thanh khuén cho nuéc xi
ming chay déu tranh ro6 mat khi thdo khudn. Dung bay xoa
phang mat khuén. Ghi nhan (hang muc, ky hiéu miu, ngay
duc, mac, nguoi dic) va dem dudng ho. Mau sau khi dudng
ho da ngay sé lam thi nghiém nén, mat chiu nén phai la mat
tiép xdc véi thanh khudn.

Hinh 6: Cong tac dudng hd mau cot thi nghiém

Sau khi mau thi nghiém du ngay tudi, ta tién hanh lip dat
c4c cam bién do bién dang (Straingauge) trén than cot dé do
bién dang.

Tién hanh lap dat cac cam bién do bién dang
(Straingauge) trén cot bé tong. LAy gidy nham lam sach bé
mat, dang con 90° vé sinh bé mat bé téng, dan Straingauge
vao viing bé tong da dugc vé sinh va cudi cing han ndi day
tin hiéu vao dau Straingauge.

Hinh 7: Ldp dat cac cam bién do bién dang (Straingauge)
trén cot bé tong
2.2. So do thi nghiém

Chon ¢4t BTCT chiu nén dung tdm véi thi nghiém phé
hoai mau.

Dé dam bao lyc tac dung dang tim 1én mau thi phai thuc
hién:

- Vit lidu ché tao khung gia tai phai giéng nhau

- Mau trude khi dua vao thi nghiém can phai dugc
gia cong 1am phéing hai ddu. Mat phing hai dau mau phai
vudng géc véi truc mau, néu léch thi khong dwoc qué lon.

- 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, qud trinh thi nghiém nén céc
mau cot dugc thuc hién. Quy trinh co ban gdm cac buse
sau:

Kiém tra, chuan bi may nén mau: Kiém tra sy hoat dong
cliia may dé phét hién sy bat thuong (Néu c6) nham giam
thiéu cac cac rui ro do may moc trong qué trinh thi nghiem.
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 cau cac cam bién biang dong hd do van ning
(VOM), két ndi cac cam bién (Bién dang va luc) vao hé
thdng thu thap dit liéu

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

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

3. KET QUA TINH
3.1. Phwong phap giai tich (M6 hinh cia Mander)

Mander va cac cong sy (1988) da dé& xuat mot mo hinh
thdng nhit cho bé tong 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 da xét téi anh huong cia sy phan b cot
thép doc va ct dai trong cot. Puong cong wng suat - bién
dang dugc xdy dung dua trén phuong trinh cta Popovics
(1973), trong d6 hinh dang cua nhanh di xudng phu thudc
vao mo dun cat tuyén tai diém cao nhat ciia duong cong.

Bé tong co kiém T i .
ché né ngang’ B':em P "”: hogi
fot —— — = cof dai dau tién
oo - BT kifﬁﬂg Kiem-
ché ng ngan
| FREZE AN
- ia thiet cho
Evel 16p BT bio v
=
N -
& p co 28co Ep  Ecc Bibn dang nénc. &
r

Hinh 9: M4 hinh (rng sudt bién dang cua bé téng theo
Mander

Dé tim cudng d6 bé tong khi cé kiém ché no ngang fy,
ng sudt kiém ché hiéu qua dwoc tinh todn dua trén hiéu
{tng vom cua bé tong xay ra giira cac 16p cbt dai trong mat
phang thang ding va nam ngang giira cac cdt thép doc.

Véi tiét dién chiu ¢ng suat kiém ché no ngang theo hai
phuong bang nhau f;' duoc tinh nhu sau:

f=1, {—1, 254+ 2,254 [1+ “:—‘,”' _ 2:;}
? *4 (1)

Trong d6 :

¢, = cuong do chiu nén cua bé téng khong cé kiém ché
né ngang.

f7, = ing suat kiém ché hiéu qua tac dung vao 16i bé tong
bang ke x i

f, = tng suit ngang do cdt dai gy ra.

k. = ty sb gitra dién tich bé tong c6 kiém ché nd ngang
hiéu qua chia cho dién tich 16i bé tong.

5o [ o)

g (t=p.) @

P~ La ty sb giita dién tich cét thép doc cot / dién tich
16i.

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

Loi BT duge kiém
ché hiéu qui

Phéin 161 BT khong
duoc kiém che

4 gl
be-572
k 1

MAT CAT Y-Y
Hinh 10: L&i béténg dugc kiém ché hiéu qué cho cét dai
hinh chi nhat
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Hinh 11: L&i bétbéng dugc kiém ché hiéu qué cho cét dai
hinh tron
Bién dang twong tng tai diém tng suit I6n nhat la:

f
Ep =&, 1+5 f—°,°—1
co (3)
Véi eco la bién dang twong (g Véi £, thuong ldy g, =
0,002.
3.2. Kha ning chiu nén cwc dai

C6 thé nhén'théy xu hudng chung: khi cuong d6 bé tong
cang tang va cot dai cang day thi lyc pha hoai cot cang lon.
Bangl: Két qua luc tac dong lén nhat cua thi nghiém cot

‘. o ) Bién Bién
Dituns | K5t | Lien | e | amcs
tong (%o) | thép (%)

Khong cot | /4 502.08 | 0.00427

thép

Cot dai CcV2 543.63 | 0.00346 | 0.00357

a=50mm

Cot dai cv3 606.85 | 0.00303 | 0.00348

a=30mm

Cot dai CV4 623.49 | 0.00243 | 0.00300

a=25mm

Bdng 2: Keét qud luc tac dong I6n nhat cua thi nghiém cot

£, Ky . Bien Bien

Bothz'Go'ng hi¢u IEEL:(Eane; dang bé | dang cot
mau tong (%o) | thép (%o)

Khdng cot

thépBétong | CV1 | 444.81 | 0.00493

cu 30%

Cot dai

a=50mmBé | CV2 | 466.01 | 0.00357 | 0.00375

tong cii 30%

Cot dai

a=30mmBé& | CV3 | 476.06 | 0.00308 | 0.00350

tong cii 30%

_C"’ dai |\ ~ya | 51697 | 000294 | 0.00302

a=25mm Bé

Py ~
| tong cit 30% | | | |
LUCNEN THI NGHIEM
650 60655 623,49
o
543.63
550 442,533
=i
S - P
516.9
e mm————— e 34
436 === 476.06
100 444 8] 466.0]
EALL
I
Khdng cort thép Cor dara=30mm  Cot dat a=30mm Cor s a=25mm
e [ \rc 16 thaee nighiém man co 0% bé 16ng cit (kNJ
=8 =170 nen thaee nghiém mau co 30% bé tong cil (kN)

Hinh 12: So sdnh gid trj lwc nén thi nghiém gitra treong
hop mau st dung 0% cét liéu cii va mau st dung 30% cot
liéu ci

Ta thay khi cét dai bé tri cang day thi cuong d6 chiu nén
ciia mau cot bé tong dugc cang tang lén.

Cuong d6 ciia mau st dung 0% cét liu cii khi bb tri cot
dai cang day thi kha ning pha thoai miu ting. kha ning
chiu lyc trung binh cua cac mau duoc tang Ién lan luot 1a
7.64%, 17.27%, 19.47% so v6i mau khéng co cot dai.

Cuong d6 cuaa mau khi sir dung 30% cét ligu cii khi bd tri
cdt dai cang day thi kha nang pha thoai mau tang. kha ning
chiu lyc trung binh cua cac mau duoc tang 1én lan luot 1a
4.55%, 6.56%, 13.96% so v&i mau khong cé cdt 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% g véi mau khong
b6 tri cét dai, bé tri cét dai S0mm, 30mm va 25mm.

BIEN DANG BE TONG

(.05
0393
s e
- - - 5 o
(.06 - 0.0035
0.00827 000294
0.3 ONide = WmES S eeee
0.00303

) (N2

0. (N2 0IN243
0.001

0.400

Kivdng cor thép Cdv dava=30mm  Cin dar o3 0mm Cor dat a=23mm

=R iin dang bé tang thaee nghiém man 9% bé tong cil M/

=8 = Fiendang bé 1ong thue nghiém man 30% bé sing cti (%)

Hinh 13: So sdnh gid trj bién dang cla bé téng thi nghiém
gitra trrong hop mdu st dung 0% cét liéu cii va mdu st
dung 30% cét ligu cii

Duya vao biéu d6 hinh 13 ta thay khi cét dai bé 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 nang bién dang cua cbt thép trong mau cang giam
xudng. Mau b tri cot dai @ 6mm vai khoang cacha =30, a
= 25 mm thi kha nang bién dang trung binh cua cac mau
dugc giam xudng lan luot 14 2.47% va 15.84% so véi mau
c6 khoang céch cbt dai a = 50 mm.

Mau st dung 30% cét liéu cii khi b tri cét dai cang day
thi kha ning bién dang cua cbt thép trong miu cang giam
xudng. Mau bé tri c6t dai @ 6mm véi khoang cach a = 30
mm, a = 25 mm thi kha ning bién dang trung binh cua cac
mau dugc giam xudng lan luot 14 6.72% va 19.31% so voi
mau c6 khoang cach cdt dai a = 50 mm.
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Bién dang cot thép cua mau sir dung 0% cdt ligu cii nho
hon so véi mau sir dung 30% cét liéu ct, gia tri chénh léch
la 4.86%, 0.53% va 0.78% wtng voi mau bo tri cot dai

50mm, 30mm va 25mm.
3.3. So sanh bién dang mAu sir dung 0% cét ligu cii
va mau sir dung 30% cot liéu cii
600
£
st ——BE TONG CO 20% COT
£ LIEU CU DAl a50
3 ~——BE TONG CO 0% COT
= LIEU CO DAl 250
-2 -1.5 -1 0.5 0 05 1 1.5 2
Strain for tension fiber of concete, 5G2(%)

Hinh 14: So sdnh bién dang cua bé téng giira truwdng hop
méu st dung 0% cét liéu cii va méu st dung 30% cot liéu
ci

!

&5
2
o

Loading P,kN
g

200
——BE TONG CO 30% COT LIEU 0 DAl as0

——BE TONG CO 0% COT LIEU CU DAl a50

0 05 1 1.5 2
Strain for tension steel, SG1{%es)

Hinh 15: So sanh bién dang cla c8t thép giita trworng hop
mau st dung 0% cot lidu cli vd mau st dung 30% cot lidu

ci

z

] BE TONG CO 30%

¥ COT LIEu CO Al

s a3

3

-

0002 -0.002 0.001 QO 0,001 0.002 0.003

Strain for tension fiber of concrete, SG2{%a)

Hinh 16: So sdnh bién dang cua bé téng gitra trudng hop
mau st dung 0% cét liéu cii va mdu st dung 30% c6t liéu
ci

60

500
i 400
8
300 =
= -BE TONG C0 30% CcOT LIgU cO Bal
% m a30 =

—BE TONG CO 0% COT LIEV CO Al
100 ax
0
0 0.0005 0.001 0.0015 0.002 0.0025 0.003

Strain for tension steel, SG1{%)

Hinh 17: So sdnh bién dang cla cét thép gilta trurong hop
méu st dung 0% cét liéu cii va mdu st dung 30% cét liéu
ci

3.4. Tinh toan kha nidng chiu nén cta cét theo

Mander
Confined Strength Roto [l /7
. ! :
0 1.0 ~ 2.0
s Bee Wil
g AY - H
§ <ot
g
% A\ o ¥
g B ST k3 Pty
“& o2 A
&9
85 Bioxrol — i
0.2
0 or 02 o3
Smatiest Effecthve Conlfining
Stewss Rovo . #,/0¢

Hinh 18: P4 thi ctia Mander

Cuong do bé tong:  fcc=22.31 (MPa)
Két qua so sanh kha nang chiu nén cua cot theo thyc

nghiém va tinh toan theo co s& ly thuyét Mander dugc thé
hién trong bang 3

Bdng 3: Bang so sanh khd ndng chiu nén cua cot theo Iy
thuyét va thirc nghiém mau sir dung 0% cot ligu cit

: Cuongdo | Cuongdo
STT gzﬁagi thuc té fc | theo Mander
(MPa) fc (MPa)
1 COL dai 24.16 22.08
a=50mm
2 COL dai 26.97 23.88
a=30mm
3 got dai 9771 24,99
a=25mm

Bang 3.10 Bang so sanh khd ;
thuyeét va thyc nghiém mau si dung 30%

nang chiju nén cua cét theo ly

cot liéu cii

Cuong do
Cuong do th g dc

eo

STT | Khodngcachdai | thucté fc
Mander fc
(MPa)
(MPa)
1 Cot dai a=50mm 21.02 20.27
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2 Cot dai a=30mm 21.48 20.87
3 C6t dai a=25mm 22.98 21.07

CUONG DO THEO THU CTEVA THEO \I'\DIR Vor oo

30 BE TONG COT LIEU €0
S

= >
26.9 o
P
1§ r G ] e B
;.- --------------- Roamm—= 3,00
13 98 2358
20
15
Car dat a=30mm Cor dae a=30mm Cot dlat a=23mm
—— Carrmg do thee nghiém fc man 0% bé 1dng cit (IMPa)

--_. :r:.\.J i theo Marder ¢

o (25 bé ring ofi (AMPa)

Hinh 19: Biéu dé thé hién cwdng dé theo thuc té va theo
Mander méu si¥ dung 0% cét liéu cii
Cuong do thyc té theo thi nghiém nén mau lén hon so
véi tinh toan theo ly thuyet cua Mander khoang 4.87% dén
11.47%, véi thanh phan bé tdng mau sir dung 0% cot liéu
cu

CUONG DO THEO THU'C TE VA THEO MANDER - VOT 30%
BE TONG COT LIEU €T

Cén dar a=50mm Cat dara=30mm Car dai a=25mm

e nehidm fe mdn 305 bé tdng ofi (MPa
g ot (MPa

——Cuemge 4 1
.

heo Mander fo mdu 30% bé 16

Hinh 20: Biéu dé thé hién cwdng dé theo thuc té va theo
Mander mdu si¥ dung 30% cét liéu cii
Cuong d¢ thyc té theo thi nghiém nén mau I6n hon so
vei tinh toan theo ly thuyet cua Mander khoang 2.83% dén
8.30%, vai thanh phan bé tdng mau sir dung 30% cot liéu
cu

CUONG DO MANDER - VOI 0% BE TONG CC V. § 30% BE
TONG COT LIEU €T

24.99
&5 23.58 -
2208 e
23 P
A | ecdeeesaweae PR —————— -
Beeammea== .- -
/9 2027 0.5 PN
b
/
13
CoN daia=S0mm Cot dad = 30mm Cot dad a=235mm

b Creomg d5 theo Mander fo mare 0% bé téng cii

(MPa)

Hinh 21: Biéu dé thé hién cwong dé tinh todn theo Mander
vdi mdu st dung 0% c6t liéu cii va mdau s dung 30% cot
liéu cii

Dua vao biéu d6 hinh 21 ta thiy cuong d6 tinh toan theo
ly thuyét cua Mander khi thanh phan bé tdng mau sir dung
0% cét lidu cii 1n hon khi thanh phan bé tdng mau sir dung
30% cot lidu cii. Gia tri chénh léch khoang 11.82% dén
15.70%.

4. KET LUAN

Thi nghiém da dat dwoc muc tiéu d& ra 1a xem xét co ché
phé hoai cua cot bé tong cbt thép ¢ bd tri cét dai va khong
bé tri cot dai.

Khi bé téng bi kiém ché no ngang, cuong do va bién
dang déu duoc tang 1én. Trong ti€u chuan Viét nam TCVN
5574:2018 chua d& cap cu thé dén su tang cuong do cua bé
tong bi kiém ché na ngang.

Do sir dung lugng cdt liéu tir bé tong cii nén c6 cuong do
phét trién cham & céc tudi sém ( tudi 7 ngay cudng do nén
dat 70% cudng do tiéu chuan).

Vi bé tong co sir dung cbt liéu tir bé tong cii nén phai bao
dudng t6t hon so voi bé tong binh thuong khi dua vao ap
dung thi cong thyc té.

Véi két qua thi nghiém sir dung cac mau dugc bd tri cét
dai vuong cho thay khi cdt dai bd tri cang day cuong do
chiu nén caa mau cot bé tong duge cang tiang 1én:

Mau duoc bd tri ¢t dai 6mm véi khoang cach a = 25
mm, kha ning chiu lyc trung binh cua cdc mau duoc ting
lén 2.67% so vai cac mau dugc bd tri cot dai @ 6mm vai
khoang c&ch a = 30 mm.

Mau dugc bd tri cbt dai 6mm véi khoang cach a = 30
mm, kha ning chiu lyc trung binh cua cdc mau duoc ting
1én 10.42% so véi cac mau dugc bd tri cot dai @ 6mm voi
khoang cach a = 50 mm.

Qua d6 cho thay khi khoang cach cdt dai giam xudéng
nho hon 20mm thi ca niang chiu nén ciia mau cot gan dat
dén gioi han chiu nén, cudong do tang rat nho, cu thé s& nho
hon 2.67%.

Két qua tinh toan luc nén gay pha hoai miu theo ly
thuyét Mander cho két qua nho hon so véi t6 hop mau tur
thuc nghiém khi c6 su tham gia cua cét dai.

Str dung bé tong co c¢dt liéu tu bé tong cii mang lai hiéu
qua kinh té cao hon va tinh chat bao vé méi truong sinh
thai.
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