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Nghién cuu thuc nghiém mé hinh quan hé ung
suat - bién dang cua vat lieu bé téng nhe sur dung
hat c6t lieu nhe tai ché tu phé thai xay dung

Experimental study on the material model of the stress - strain relationship of lightweight
concrete using lightweight aggregates from construction and demolition wastes

>TS LENGOC LAN

B6 mon XDDD&CN, Trudng Pai hoc Cong nghé giao théng van tai

TGM TAT

Cang nghé mai hign nay cho phép ché tao cac hat cdt lisu nhe tr
phé thai phé dir cang trinh gap phan gidm sk dung céc nguyén ligu
vé nghién ciu thyc nghiém quan he ing suat - bign dang cia be
tdng nhe sir dung hat cdt ligu tai ché tir phé thai xay dung. Tir ket
qué nghién ciru, dé xudt ma hinh tinh toén bigu dd quan hé giita tng
suft - bign dang ap dung trong tinh ton ma hinh dam bé tang. Ma
hinh quan hé tng suét - bién dang cia bé tang nhe cdt lieu nhe tai
ché viing nén dé xuat c dang dutng théng vai bign dang cuc han
€cuz ~ 0.0031. Thang qua ket qua thyc nghigm va ma phang sd dam
bé tong nhe don gidn chiu udn thudn tuy cho thédy mdi quan he tai
trong - dd viing cd sy thing nhat vé dng xr chiu udn cia dam be
tang nhe cdt ligu nhe tai ché cdt thép khi déu trai qua céc giai doan
nhur dan hdi chua nit, sau khi nit va giai doan tién dén trang théi
phé hoai. Duing cong quan hé tai trong - dd viing trong cac méu
dém theo thyc nghiém va theo ma phéng sd tuong ddi gdn nhau va
dang dang. Ba viing cia ddm dugc phan tich trong ma phang sd so
viri thc nghigm co da chénh |ech trung binh 3 4%. Biéu nay ching
ta réing ma hinh quan hé ing sudt - bién dang d& dé xuat cho vat
ligu bé tong nhe cdt ligu nhe t&i ché la pho hgp.

Tir khod: Be tong nhe; hat cét lisu nhe téi ché; dam bé téng cét thep
chiu udin; tng suat - bién dang, tai trong - da ving.

ABSTRACT

Advanced technologies have been developed to produce lightweight
aggregates from construction and demolition waste, helping to reduce
the use of limited natural resources. In this paper. the author presents
an experimental study on the material model of the stress-strain
relationship of lightweight concrete beams using recycled lightweight
aggregates. Based on the study, a material model is proposed for the
stress-strain relationship diagram applied in the analysis of concrete
beams. The stress-strain relationship of recycled lightweight concrete
is proposed as a linear stress-strain relation with an ultimate strain
value of e, ~ 0.0031. The experimental and simulation software
results on the flexural behavior of beams using recycled lightweight
aggregates under short-term loading show that the load-deflection
relationship develops through four stages: uncracked elastic, post-
cracking, and approaching the failure state. The load-deflection curves
obtained from experimental tests and simulation software are
relatively close and similar. The deflection analyzed in simulation
software compared to experimental results shows a deviation of 4%.
This demonstrates that the proposed stress-strain relationship model
for recycled lightweight aggregate concrete is appropriate.
Keywards: Lightweight concrete; recycled lightweight aggregate;
reinforced concrete beams under flexure; stress-strain; load-
deflection.

1. GIGI THIEU

Véitéc d6 cong nghiép hod nudc ta dién ra nhanh chéng,
trung binh hang nam, méi d6 thi cé thém hang ngan nha &
cla cac ho dan va hang tram céng trinh cong cong dugc xay
dung, tuong Gng véi d6, mdi nam c6 hang van m? rac thai
xdy dung dugc thai ra khéng dugc x ly gy 6 nhiém moi
truong.

Bén canh d6, bé tong nhe la mét loai vat liéu xay dung dang rat
phét trién hién nay va dugc st dung phé bién trong xay dung ca
ban & nhiéu nudc tién tién trén thé gidi va trong khu vuc. Ching
dugc st dung trong nhiéu linh vuc khéc nhau: céc két cau chinh
trong céng trinh dan dung nhu khung, san, tuéng,...cling nhu cac
cdu kién duc sdn phuc vu kién trdc cong trinh xay dung. Tuy nhién,
3 Viét Nam da ché tao dugc bé tong nhe nhung cudng dé con thap
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va chl yéu ting dung la cac cdu kién phuc vu kién trac, cdch am, cach
nhiét,...

Bé tdng nhe st dung hat c6t liéu nhe san xuat tir phé thai pha
dd cong trinh xdy dung la mét trong cac loai vat liéu mdéi cé kha
nang dat cudng dé cao va cé thé 4p dung cho céc cau kién chiu luc
chinh ctia c6ng trinh. Chinh vi thé, trong bai bao nay tac gia da
nghién ctu thuc nghiém mé hinh quan hé (ing suat - bién dang cua
bé tdng nhe st dung hat c6t liéu nhe tai ché tir phé thai xay dung.

2. VAT LIEU SU DUNG TRONG NGHIEN CUU

2.1. Hat cét liéu nhe ché tao tif phé thai pha d& céng trinh
xay dung

Cot lidu nhe st dung trong nghién ctu la s6i nhan tao ché tao
tur phé thai pha d& cong trinh (viét tatla CLNTC). Hat CLNTC s&rdung
nguyén liéu ti phé thai xay dung (viét tat Ia PTXD) thudng st dung
cac vat liéu PTXD nhu vira xay - trat tuong, gach xay dung, cac
nguyén liéu nay dugc phan loai, nghién min va dugc tron theo mot
ty 1é phu hgp [1]. Cac chat tao n& nhu: CaCOs, dau nang, SiC,...dugc
st dung dé€ tao n& cho hat. Quy trinh céng nghé san xuat sdn pham
hat nhe tr cac chat phé thai dugc thuc hién thdng qua cac budc sau
[1]: nghién min hén hgp cac chat phé thai dén dé min xac dinh; trén
hén hgp chat thai da dugc nghién min vai cac phu gia khac va phu
gia n&; vé vién tao hat hén hop phdi liéu; nung chay va gay ng hat &
nhiét d6 cao; phan loai theo kich thudc hat; dong goi san pham.
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Hat nhe =

Hinh 2.1. Quy trinh cdng nghé san xudt san phdm hat nhe tir PTXD

2.2. Cap phdi ché tao

Cap phdi lua chon dé tao ra cudng d6 chiu nén (mau tru) ctia bé
téng khodng 15 MPa, 20 MPa, 30 MPa tai 28 ngay tudi lan luct ky
hiéu la M1, M2, M3. Nguon goc vat liéu gébm hat CLNTC tir PTXD
dugc cung cap bai Vién Nghién cdru Xay dung Uing dung Weimar -
Céng hoa lién bang Buc [1], cét vang Séng L6, xi mang Pooc lang
Vicem But Son PC40, phu gia cuén khi Placc-air va tro bay dugc khai
thac tir nha mdy nhiét dién Pha Lai.

Hinh 2.2. Mau hat CLNTC tir PTXD
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Thanh phan cap phéi clia bé téng dugc thé hién trong Bdng 2. 1
trong d6 N/CKD, Van/Vb , Ve/Valan lugt 1a ty 1& nudc/chat két dinh,
ty 1& thé tich c6t liéu nhe/thé tich bé téng, ty 1& thé tich cat/c6t liéu.

Bdng 2. 1. Cdp phéi hdn hop bé téng nhe va bé téng thudng

STT | Tén CP | N/CKD | Van/Vb | V/Va FA (%) SD (%)
1 M3 0.36 0.35 0.45 27.61% 1%
2 M2 0.36 0.31 0.45 27.61% 1%
3 M1 0.36 0.28 0.45 27.61% 1%

Lua chon cap phdi bé tong nang ¢ cudng dd mau tru chiu nén
& 28 ngay khoang 30 MPa lam méau d&i chiing thi nghiém. Cap phdi
hén hgp bé tdng nidng théng thudng dugc thé hién trong Bdng 2. 2
Bdng 2. 2. Cdp ph6i bé téng ndng théng thudng déi ching

Cétlieu Mau cap p3h6i BTT
m
Ximang PCB40 (kg) 380
Cat (kg) 760
Da 1x2 (kg) 1080
Nudc (lit) 178

2.3.Tinh chat co ly

Cac dac trung ca ly clia cac mau cap phéi bé tong nhe cét liéu
nhe tai ché (viét tat 1a BTNCLNTC) lua chon dugc thé hién trong Bdng
2.3,Bdng 2.4,trong d6: fz, fr, fet,sps Ec 1an lugt la cuong d6 chiu nén,
cudng do chiu kéo khi udn, cudng doé chiu kéo khi ép ché va mé dun
dan hoi ctia BTNCLNTC. Bdng 2. 5 1a cudng d6 chiu nén cla bé téng
thong thuong.

Bdng 2. 3. Tinh chdt ca ly ctia cdc mau cdp phéi lua chon

Tén mau Tinh Kich thudc Gia tri Hé s6
chat co mau trung bién
ly (cm) binh dong

(MPa)
fe Mau tru 15x30 15.11 0.027
B fr Mau 10x10x40 2.91 0.04
Nhém M1 fresy | MAUtrU15x30 | 173 | 002
E. Mau try 15x30 12903 0.016
A Mau tru 15x30 21.11 0.012

fr M&u 10x10x40 3.54 0.03

Nhém M2 fetsp Ma&u try 15x30 2.07 0.05

E. Mé&u tru 15x30 15591 0.031

fc M&u tru 15x30 30.68 0.034

fr M&u 10x10x40 4.17 0.03

Nhém M3 fetsp Ma&u try 15x30 2.48 0.03

E. Mé&u tru 15x30 17967 0.05

Bdng 2. 4. Khéi lugng thé tich bé téng nhe c6t liéu nhe tdi ché (goi
tat la KLTT)

Tén mau KLTT Hé sé KLTT Hé sé
(hén hop) bién (kho) bién

(kg/m3) doéng (kg/m3) doéng

Nhom M1 1773 0.023 1715 0.047
Nhom M2 1783 0.011 1762 0.019
Nhom M3 1798 0.012 1775 0.016

Bdng 2. 5. Thinghiém cudng dé chju nén cua bé téng théng thudng

Mau cap Tinh Kich thudéc Gia tri Gia tri
ph6iBTT | chétco mau cudng | trung binh
ly do (MPa) (MPa)
M-1 fe Mau tru 15x30 31.87
M-2 fe Mau tru 15x30 37.29 34.00
M-3 fe Mau tru 15x30 31.87
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3. QUAN HE TAI TRONG - PO VONG CUA DAM BTNTC TU
PTXD KHI CHIU UGN

3.1. Nghién cuiu thuc nghiém quan hé ding suat - bién dang
cuia bé téng nhe st dung hat CLNTC

3.1.1. M6 hinh thi nghiém

Khao sat mé hinh quan hé (ing suat - bién dang bé tong theo
tiéu chudn ASTM C469 [4]. Mau thi nghiém si dung méi mot cap
phdi tuong tng M1; M2; M3 gom 3 vién mau tru co kich thuéc 15 x
30 cm. Trinh ty thi nghiém tuan thd theo tiéu chuan ASTM C469 [4].
St dung may nén thuy luc SANS 3000, do bién dang cia mau bang
02 tem dién trd Strain gauges dat déi xiing, chiéu dai chudn do Lo =
60mm. Cac dau do cla tem dién tré va dung cu do luc dién ti Load
cell dugc két noi vai bo xtr ly sé liéu Data - Logger SDA 3830 C. Gia
tai luc dén khi mau bi nén vé. Thi nghiém tai phong thi nghiém Céng
trinh - Dai hoc GTVT.

1 " e, |

Hinh 3.2. Hé thdng diéu chinh téitrong  Hinh 3.3. Sit dung méy nén thuy Iytc SANS
va toc o nén (theo chuyén biva luc) 3000

Hinh 3.5. Gia tai dén khi mau thi nghiém
bi phd hoai

3.1.2. Két qua thi nghiém va dé xuat mé hinh quan hé ing
suat - bién dang ctia bé tédng nhe st dung hat CLNTC

K&t qua thi nghiém la cudng d6 nén ctia mau bi nén pha hoai va
biéu d6 quan hé (ing suat - bi(f_fp dang cua bé tong khi chiu nén.

Hinh 3.4. Data loger ghi, x( Iy dif liéu

Hinh 3.6. Thi nghiém dén khi méu'bj nén v&phé hoa '
35

_ Ml-1 ——MI-2
= ——MI-3 M2-1
= —M2-2 ——M2-3
g —t— W3] —D3-2
; — 33

0 0.002 0.004
Bién dang
Hinh 3.7. Bi€u d6 quan hé (ing sudt - bién dang clia bé tong tung ting vdi 3 nhom mau
M1, M2, M3

Bang 3. 1. Tri s6 thuc nghiém bién dang e, cia BTNCLNTC khi chiu nén

Méu M1-1 M1-2 M1-3 M2-1 M2-2 M2-3 M3-1 M3-2 M3-3
f..i (MPa) 15.13 15.18 15.02 21.00 21.20 2095 30.70 30.64 30.78
fe () (MPa) 15.11 21.05 30.71
EeLi 00027 | 00028 | 00027 0.0028 00028 | 0.0028 00028 | 00028 | 0.0028
o 0.0027 0.0028 0.0028

K&t qua thi nghiém quan hé tng suat - bién dang tuong ting trén
cac mau clia 3 nhom cuong dé BTNCLNTC tuang Ung vdéi 3 nhom
mau M1, M2, M3 dugc thé hién biéu d6 Hinh 3. 7. Cac dudng cong
Ung suat - bién dang clia cdc mau trong cling 1 cap cudng dé cé su
déng nhat. Tinh dén thai diém mau thi nghiém bi ép vé thi biéu d6
nay chia thanh 2 giai doan: giai doan dau gan nhu la dudng théng
cho dén cdp ung suat khoang 85% cudng do, khi ting sudt cang I6n
gan dat dinh thi biéu d6 chuyén dan sang dang dudng cong khi
bién dang tdng nhanh han do su phat trién bién dang déo cla bé

tédng. Sau khi dat dinh thi ing suat trong mau bé téng dét ngot bi
pha hoai. So sanh gilta cdc nhom cudng dé bé téng thi bién dang
g1 khi mau bé téng dat dinh ting suat trudc khi bi ép vé thi khéng
6 su chénh léch dang ké (e~ 0,0028).

C6 thé thdy, gia tri bién dang ea~ 0,0028 ctia BTNCLNTC nhé
han so véi gia tri dé nghi bién dang cuc han ctia BTN theo tiéu chuén
ACI 213R-87 [5] (ea= 0,003) va tiéu chudn EN 1992-1-1 [7] (ga=

2
kflcm/Elci (L) )

2200
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Dua trén cac mé hinh quan hé (ng suédt - bién dang cla
BTNCLNTC va cac déc trung bién dang ctia BTNCLNTC tu két qua
thuc nghiém, két hgp so sanh vi mot sé dé xudt clia cac nghién clu
trudc day, mé hinh quan hé (ing suét - bién dang ctia BTNCLNTC
dugc nghién ctru va dé xuat nhu sau:

Quy luat quan hé (g suat - bién dang cla vat liéu dugc thiét
lap can phan anh dlng ting xu ctia vat liéu trong cac giai doan tuong
Ung vdi cac thong s6 dac trung dugce xac dinh ti thuc nghiém nhu
gia tri dinh ting sudt £, (tuong tng véi cudng do clia vat liéu) va bién
dang tuang Ung &, bién dang cuc han g.,;. Theo cac két qua
nghién ctu [8] va két qua nghién ctu thuc nghiém da chi ra rang
ma&i quan hé Ung suat - bién dang d6i véi BTN st dung CLNTC tuyén
tinh hon va gion hon so véi bé téng ndng thdng thudng: giai doan
dau gan nhu 1a dudng thing cho dén cap ung suat khoang 85%
cudng d9, khi ting suit cang lén gan dat dinh thi biéu d6 chuyén
dan sang dang dudng cong va sau khi ting suat dat dinh thi bé téng
dot ngoét bi pha hoai. Do dé, tir két qua nghién ctu thuc nghiém,
biéu d6 quan hé (ing suat bién - bién dang ctia BTNCLNTC thé hién
nhu Hinh 3. 8. Trong dé gia tri bién dang (ing véi ing suat dinh dat
gia tri e;; = 0.0028. Gia tri bién dang cuc han Ung vdi trang thai
mau pha hoai hoan toan &.,,; tuong déi gan vdi gia tri £, do BTN c6
tinh gion cao va phé hoai sém ngay sau khi dat cuong do.

TU cac két qué nghién ctu theo ly thuyét va theo thuc nghiém
vat liéu BTNCLNTC gion va tuyén tinh, dé xuat quan hé (ng suét -
bién dang BTNCLNTC c6 dang 2 doan thang.

x P s P
Hinh 3.8. Bi€u d6 quan hé ing sudt ~ Hinh 3.9. Bi€u d6 quan hé ting sudt - bién
- bién dang cta BTNCLNTC dang ctia BINCLNTC dang 2 doan thang

Gia tri bién dang Ung vdi Ung suat dinh &.,: theo két qua nghién
ctru thuc nghiém, dé xuat gia tri bién dang tng véi ting suat dinh
€. = 0.0028.

Gia tri bién dang cuc han e, rat gan véi gia tri £,, tuy nhién trong
diéu kién thi nghiém, khi mau pha hoai hoan toan, khéng do dugc chinh
Xac gia tri cla bién dang cuc han &.,.,. Do d6, gia tri bién dang cuc han
nay dugc lay theo gid tri quy dinh trong tiéu chudn chau Au EN 1992-1-
1 [7] cho bé tong nhe, ldy bang 0,00357,; trong d6 1, = (0.4 +
0,6p)/2200; trong pham vi nghién ctiu BTNCLNTC cta dé taithi e, =
0.0031. Gia tri nay gan véi €., = 0.0028 la phl hgp véi quan sat trong
thi nghiém - mau pha hoai hoan toan ngay sau khi ting suat dat dinh.

Nhan thay gia tri €., va &, tuong d6i gan nhau (chénh léch dudi
10%), do d6, dé dan gian trong tinh toan, sai s6 khéng dang ké, dé xuat
mo hinh tinh toan quan hé ting suat - bién dang BTNCLNTC ¢6 dang 1
doan thdng nhu Hinh 3. 10, véi gié tri cuc han la e, =~ 0.0031.

&

Hinh 3.10. Bi€u d6 quan hé (ing suat - bién dang cia BTNCLNTC dé xudt
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3.2. Nghién cttu thuc nghiém quan hé tai trong - &6 vong ctia
dam BTNTC tir PTXD khi chiu uén thuan tuy

3.2.1. Mau thi nghiém

Mau dam thi nghiém gém 07 mau dam thi nghiém (méi nhém
cap ph8i BTNCLNTC tuong tng 02 mau dam, bao gém 03 nhom cé
cung cap cudng dod chiu nén tuong Ung nhom M1, M2 va M3; va 01
mau dam cap phdi bé téng BTT lam d8i ching) cé cung tiét dién
150x200 mm va nhip chiu tai la 2000 mm.

Cot thép dung trong thi nghiém thép Thai Nguyén thuéc nhém
CB-300 V theo TCVN 1651-2-2018 [3] d6i vé6i dudng kinh ¢ 8 va 12;
thuéc nhém CB-240 T theo TCVN 1651-1-2018 [2] d6i v&i cot dai co
duong kinh ¢ 6.

Cot thép doc bo tri 2 12 (ham lugng 0,75%). C6t dai dam dugc
b6 tri $6 a160 trén doan dai 800 mm gan géi tua dugc tinh toan
dam bao dam khéng pha hoai cét trudc khi dam pha hoai uén, trén
doan gidia 2 luc tap trung, € dadm bado uén thuan tuy, khéng bé tri
c6t dai. Chiéu day I6p bao vé cét thép doc dugce ldy bang 15 mm
nhu trong Hinh 3. 11. C8t thép ¢6 céc dac trung co hoc nhu trong
Bdng 3. 2.

296090 506a160 L 4o 586a160 246090 1-1 2-2
1 T T 1

400 e 400 ’—'ﬂ(D . 2 ]
1\ [apaP? P2 gl
&HHH [ ] H\j\i\\ 8 EEE I [+® &8
1| 2 |y 2 11 . -
UJ 800 l 400 { 800 lwo \—‘i‘z@ d w i
o el
Hinh 3.11. (du tao 6t thép dam thi nghiém
Bdng 3. 2. Bdc trung co hoc cua c6t thép

L]

Nhom Mau Pudng kinh Gidi han Gidi han
thép thép thuc (mm) | chdy (MPa) | bén (MPa)
D12 3 12.11 440.0 552.6

D8 3 8.05 356.4 527.4
D6 3 6.02 240.2 305.5

3.2.2. Thi nghiém mau dam

So d6 thi nghiém la dam don gian, dam dugc gia tai bang 2 luc
tap trung cach nhau 400 mm (2 1an chiéu cao dam) nam trén doan
chinh gira dam tao nén doan dam chiu uén thuan tuy.

'

s e — - e

Hinh 3.13. Lap dung ddm va thiét bj thi nghiém
3.2.3. Két qua nghién ciu
TU céc s6 lieu do dac thuc nghiém, xac dinh dugc cac biéu d6
quan hé tai trong - d6 vong dam tuong Ung vdi tiing mau cap phoi
nhu hinh sau:
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a) Mau M1 b) Mdu M2 ¢) Mdu M3
Hinh 3.14. Bi€u d6 quan hé tai trong - d6 vong dam bé tong c6t thép tuong tng véi
nhém dam M1; M2; M3
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Hinh 3.15. Biéu d6 quan hé ti trong - d6 vng dam bé tong c6t thép giita cac nhém
dam M3; BTT

Puong cong quan hé tai trong - dé vong dugc moé phdng nhu
Hinh 3. 16. C6 thé thay rdng dudng cong dugc dac trung bdi 4 phan
doan ré rang khac nhau dugc phan tach bing 4 diém dic trung dién
ra tr khi bt dau chiu tai cho dén khi dam bi pha hoai. 4 diém dic
trung nay la cac diém A, B, C va D 1an lugt |a cac thoi diém: bat dau
hinh thanh khe nut, thép bat dau chay, tiét dién dat gia tri tai trong
I6n nhat vé kha nang chiu luc va thai diém dam bi pha hoai do bé
tong vung nén bi ép vé.

Hai diém A va B dugc xac dinh tai thoi diém dé déc cta dudng
cong thay déi (bi gidm); C dugc xac dinh tai thai diém tai trong thay
déi; D thoi diém bé tdng vung nén bj ép va. Gilia hai thai diém,
dudng cong dugc coi gan dung la dudng thang. Tai di€ém D tuong
tu nhu BTT théng thuang khi dam bi pha hoai déo, xay ra pha huy
do su pha hoai clia bé tong viing nén.

Bdng 3. 3. Cdc gid tri m6 men va d¢ vong tuong ting

Cac dam BTNCLNTC dugc thit nghiém déu phat trién tuong tu
tai cac giai doan. Tuy nhién, su xuat hién cla cac thai diém A,B,C va
D khac nhau va muc d6 ctia méi nhanh ctia dudng cong phu thudc
vao do 16n tuang déi clia cac tham sé dugc khao sat déi véi cac cap
phdi khac nhau.
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Hinh 3.16. Cac giai doan lam viéc ctia ddm BTN CLNTC khi chiu udn

(Morg Ms; Mu; A 5 A ; Ay, tuong Uing la gid tri mé men khdng nut; mé men chdy déo va mé men gi6i han va gid trji d@o vong tuong ung tai thoi
diém dat tri Idn lugt la mé men khdng nit, mé men déo va mé men giéi han)

N x Mcrc A Ms A Mu A
Tén mau (kN.m) (mm) (kN.m) (mm) (kN.m) (mm)
M1-1 2.000 0.66 15.875 10.035 16.675 10.875
M1-2 2.039 0.74 16.395 10.035 17.115 10.965
Trung binh mau M1 2.02 0.70 16.14 10.04 16.90 10.92
M2-1 2.559 0.920 16.595 9.450 17.715 11.950
M2-2 2719 0.950 15.795 9325 17.515 10.790
Trung binh mau M2 2.64 0.94 16.20 9.39 17.62 11.37
M3-1 3.199 1.200 16.595 9520 18.154 13.64
M3-2 3240 1170 16.355 9.490 17.835 1230
Trung binh mau M3 3.22 1.19 16.48 9.51 18.00 12.97
Mau BTT ddi chiing 4.04 0.67 18.48 8.63 20.75 42.75

3.3. Nghién citu mé phéng sé quan hé tai trong - dd véng clia
dam BTNTC tir PTXD khi chiu uén

Téac gid moé phéng mé hinh s6 théng qua sir dung phan mém
Response-2000 [9] dugc Evan Cbentz va Micheal P.Collins viét nam
2000 bang ngén ngitlap trinh C++, day la mot trong 4 bd phan mém
(gdbm Response-2000; Membrance-2000; Triax-2000 va Shell-2000).
Trong d6 Response-2000 dung dé khao sat dam, cot con cac phan
mém khéc dé khao sat ban, phan ti khéi 3D dya trén ly thuyét mién

nén cai tién MCFT (Modified Compression Field Theory). Cac phan
mém nay nam trong ndi dung cla luan an tién sy “Sectional analysis
of reinforced concrete member”- Phan tich tiét dién clia cac cau kién
bé tong c6t thép cla Evan C.Bentz tai Trudng PH Toronto-Canada.

3.3.1. Ly thuyét sit dung phan mém

Ly thuyét mién nén CFT (Compression Field Theory) [10] dugc
dé xuat bdi Mitchell va Collins vao nam 1974. Ly thuyét nay co ban
dua trén mo hinh gian véi cac thanh xién nghiéng 45°.
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Hinh 3.18. Mo hinh dan véi géc nghiéng 45°
Cac phuong phéap danh gia kha nang chiu cat cta dai bé téng
chiu nén nghiéng gitia cac vét nut goi la ly thuyét mién nén (MCFT).
Van dé co ban trong ly thuyét mién nén la xac dinh géc nghiéng 6.
Ly thuyé&t mién nén cai tién MCFT (Vecchio va Collins 1986) [10] la su
phét trién cta ly thuyét mién nén CFT, c6 ké t6i dnh hudng clia Ung
sudt kéo trong vung bé tong bi ndt. Khi ndt, Ging suat cat truyén qua
vét nit thong qua cét thép lién két vét nut, mién 1a ¢t thép khong
chay. Bé téng gilia vét nut dugc coi la hiéu qud sau d6. Ung suat cuc
b6 trong cé bé tdng va cét thép sé khac biét tir diém nay dén diém
khac trong vung bé téng bi nut, véi ting sudt c6t thép cao nhung
ing suat kéo clia bé tdng thap tai cac diém nut.
3.3.2. Mé hinh vét liéu bé téng va cét thép

al

k-

All dimengions in millimetres
Clear cover 1o reinforcement = 15 mm

i BTN-M1
a4 20211111

Concrete

8= Bmm

a) Mau ddm M1

Theo két qué nghién ctu dugc trinh bay & phan trén, st dung
mo hinh quan hé Ging suat -bién dang BTNCLNTC c6 dang nhu sau:

Trong trudng hgp nghién ctiiu BTNCLNTC dé xuat s dung mo
hinh biéu d6 quan hé gitia ing suat - bién dang dang 1 doan thang
vGi bién dang cuc han €,,, = 0.0031 nhu da dé xuat & phan trén.
Dai véi cot thép, thién vé an toan, st dung moé hinh dan hoi - déo ly
tuéng.

£

Hinh 3.20. Mé hinh quan hé ting sudt - bién dang c6t thép

3.3.3. M6 phéng sé dam bé téng nhe sit dung hat CLNTC
nghién ctu

SU dung phdn mém Response-2000 d&€ mé phdng ting xU chiu
uén ctia dam BTNCLNTC c6t thép. Chi tiét thiét ké cla cac dam
BTNCLNTC st dung trong mé phéng bao gém kich thudc tiét dién
dam, chi tiét b tri c6t thép doc chiu luc va c6t thép dai, tai trong tac
dung va dang tai trong dugc trinh bay trén Hinh 3. 11.

Hinh 3. 21 trinh bay s6 liéu dau vao cia dam cho vat liéu bé tong
va c6t thép cho dam BTNCLNTC dugc thé hién trén hinh tuong ung.

[ = |

Lsgbend (b1 ' & b o8 )

b) Mau dam M2
= Il

Al dimensions in milimetres
Clear cover to reinforcement = 15 mm

T BTN-M3
: 202111111

=

i)

¢) Mdu dam M3
Hinh 3. 21. 56 liéu dau vao dam BTNCLNTC nghién ctiu

Két qua chuang trinh mé phdng dugc thé hién trong Hinh 3. 22

3.4.Kiém chiing, so sanh két qua nghién citu theo mé phéng
s8 Response 2000 va theo két qua nghién citu thuc nghiém

So sanh két qua mé phéng s6 va két qua thuc nghiém vé maoi
quan hé tai trong - d6 vong cho thay su thong nhat vé (g x{ chju
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udn ctia dam BTNCLNTC c6t thép khi déu trai qua cac giai doan nhu
dan héi chua ndt, sau khi nt va giai doan tién dén trang thai pha
hoai. Pudng cong quan hé tai trong - dé vdng trong cadc mau dam
theo thuc nghiém va theo mé phong s6 tuong déi gan nhau va
doéng dang (Hinh 3. 22).
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nghiém c6 d6 chénh léch trung binh 13 4%. Do d06, c6 thé thay:

% — F mo hinh quan hé Ung suat - bién dang da dé xuat cho vat liéu
g 4 BTNCLNTC la phu hap.
o , TAILIEU THAM KHAO
) s 1 15 20 2 )5 1 15 2w 1.Nguyén Hung Phong (2016), Nghién ciiu ché tao va iing dung hat cdt liéu nhe tir phé
B\ ¥bog () B0 Vg (o thdi phd dé cong trinh xdy dung ddn dung 6 Viét Nam - NDT.21.GER/16.
- ML-2 Kami M2l ——M22 Kamp 2.TCVN 1651-1:2018, Theép cdt bé tong - Phdn 1: Thép thanh tron tran
o) Mau M1 b) Méu M2 3.TCVN 1651-2:2018, Thép cdt bé tong - Phdn 2: Thép thanh vén
4.ASTM (469-94, Standard Test Method for Static Modulus of Elasticity and Poisson’s
. Ratio of Concrete in Compression in Annual book of ASTM standards, Annual book of ASTM
Z 20 = standard.
d_ 5.ACI 213R-87, Guide for structural lightweight aggregate concrete, American Concrete
= / Insititute.
= ] 6.FIP State of Art Report - bullentin 4 (1999) Lightweight aggregate concrete - Codes
w1 and standards
B¢ vong (mm) 7.EN 1992-1-1(2004), Eurocode 2: Design of Concrete Structures - Part 1-1 General Rules
i - and Rules for buildings
o) MauM3 8.Clarke J. L. (2005), Strutural Lightweight Aggregate Concrete, Blackie Academic &
Hinh 3.22. Quan hé téi trong va do vong theo phuong phap thuc nghiém va theo Professional.
phucng phap md phéng phan mém 9. User Manual Response 2000, Shell 2000, Triax 2000, Membrane 2000.
Bdng 3. 4. Bang so sdnh két qua d6 véng theo phuong phdp mé 10. Vecchio, F.J. and Collins, M.P., “The Modified Compression Field Theory for
phdng phdn mém va theo phuong phdp thuc nghiém Reinforced.Concrete Elements Subjected to Shear”, ACl Journal, Proceedings V. 83 No. 2,
Tén mau | Taitrong Do véng Do véng Sai s6 March-April 1986, pp. 219-231.
tuong Ayp Ary
ung (M6 phéng (Thuc
(kNm) s0) nghiém)
(mm) (mm)
M1 Perc 0.75 0.7 7%
Ps 9.29 10.04 8%
M2 Perc 0.91 0.94 3%
Ps 8.34 9.39 13%
M3 Perc 1.16 1.19 3%
Ps 9.22 9.51 3%
TB 4%

C6 thé thay, 6 vong clia dam dugc phan tich trong mé
phong sé so véi thuc nghiém c6 dé chénh léch tir 3% dén 13%
cho cdc nhém dam, trung binh la 4%. Piéu nay ching to rang:
quan hé tng suat - bién dang cho vat liéu BTNCLNTC la phu hgp.

4. KET LUAN

Théng qua nghién clu thuc nghiém vé quan hé Ging suat - bién
dang clia bé tdng CLNTC, va kiém chiing thong qua mé hinh thuc
nghiém va moé phéng sé dam bé téng nhe cét thép st dung
BTNCLNTC don gian chiu uén thuan tuy cho thay: Quan hé (ing suat
- bién dang ctia BTNCLNTC thé hién tinh gion, giai doan dau gan
nhu la dudng thang téi cap Ung suat khoang 85% cudng do, khi ing
suat cang I6n gan dat dinh thi biéu d6 chuyén dan sang dang dudng
cong. Sau khi dat dinh (ing suat, mau bé téng bi pha hoai dot ngét.
Ung suét cuc han ciia BTNCLNTC khi chiu nén dung tam dat ea~
0,0028;

Trong trudng hgp nghién ctu BTNCLNTC dé xuat s dung mé
hinh biéu d6 quan hé giiia ting suat - bién dang 1 doan thang véi
bién dang cuc han g.,,, ~ 0.0031.

Tu két qua mo phong sé va thuc nghiém cho thay méi quan hé
tai trong - d6 véng c6é cung tng x khi chiu uén déi vsi dam
BTNCLNTC c6t thép, déu trdi qua cac giai doan nhu dan héi chua
nut, sau khi nut va giai doan tién dén trang thai pha hoai. Pudng
cong quan hé tai trong - d vong trong cac mau dam theo thuc
nghiém va theo mé phéng sé tuong déi gan nhau va déng dang.
Do véng ctia dam dugc phan tich trong mé phong s6 so véi thuc
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