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TOMTAT

Xi thép 1a san pham phu ciia nganh cdng nghiép luyén thép va viéc si dung xi thép 1am cat liéu
I6n cho bé téng da gidi quyét diroc Cac ton tai cua nganh cdng nghiép luyén thép ciing nhu
nganh vat liéu xay dung. Viéc nghién cizu cac ung xu cua bé tong xi thép sé mang lai nhiing
loi ich hét sirc quan trong trong viéc i#ng dung nd vao thyc tién. Bai bao nay trinh bay thi
nghiém nén va md hinh ing xir cia bé tdng xi thép bang phan tir roi rac. Két qua dwong quan
hé giiza itng sudt va bién dang gan nhu tring nhau, chimg té két qua mé phong la ddng tin cdy.
Tir khéa: Bé tong, cot ligu xi thép, cot liéu tu nhién, cwong dé, module dan hoi, hé sé poisson.
ABSTRACT

Steel slag is a byproduct of the siderurgy industry and the use of steel slag as coroase aggregate
for concrete has solved the problems of the siderurgy industry as well as the construction of
materials industry. Researching in the behavior of steel slag concrete will have extremely
important benefits in its practical application. This article represents the elastic module
determined experiment and behavior model of steel slag concrete by discrete element method.
Meanwhiles, based on this result, it can be seen between relative line of simulation and
experiment, the two results are almost closed to each others then and the result is very reliable.
Keywords: Concrete, steel slag aggregate, nature aggregate, strength, elastic modulus,

poisson, ratio.

1. GIOI THIEU

Xi thép hay bé tong xi thép la nhiing vat
liéu tai ché dugc tng dung rong rai trong
nhiéu linh vuc khac nhau & nhiéu nuoce trén
thé gisi [1], [2]. Trong nhiing nim gan day,
Viét Nam ciing da c6 nhitng nghién cau vé
viéc tng dung xi thép trong xay dung [3]-
[6]. Tuy nhién, dé c6 thé dua duoc cac nghién
clru ndy vao thyc tién thi doi hoi khéi lwgng
thuc nghiém rat 16n va chi phi thuong rat cao.
Do d6, viéc ding phuong phap phan tir roi
rac d&¢ mo phong vat liéu bé tong xi ming
ding cét liéu 16n 1 xi thép 1a hét sirc can thiét

2. PHUONG PHAP PHAN TU ROl RAC
VA MO PHONG
2.1. Khéai ni¢gm vé DEM va thong s6 dau
vao
Phuong phap phan tir roi rac 1a mot tap
hop cac phan tir doc 1ap nam trong gidi han

nham nang cao tinh chinh xéac trong tinh toan
mo phong, tir d6 ap dung trong tinh toan du
doan (g xur caa cac cau kién sir dung bé
tong xi thép gop phan thuc day st dung loai
bé tbng nay trong nganh xay dung ctia nudc
ta

Trong bai bao nay trinh bay qua trinh thuc
nghiém xac dinh quan hé giita tng xut va
bién dang, xay dung luat ang xir caa bé téng
ding cét liéu 16n 1a xi thép; Md phong sé
mau bé tong xi mang dung cbt liéu 16n 1a xi
thep bang phuong phap phan tur roi rac; So
sanh két qua mo phong s6 thuc nghiém aé
diéu chinh mé hinh s

kich thugc cua vat liéu. Trong nghién cau
nay, st dung phuong phap phan tir roi rac co
dién do Cundall& Strack dé xuat nim 1979.
Trong nghién ctru nay, module dan hdi dugc
sir dung trong mé phong sé 1a gia tri duoc
tinh theo cdng thuc kinh nghiém ACI[5], cac
gi& tri ¢, oT(gidi han chiu kéo caa cac phan



tir roi rac) duoc lay tir két qua higu chuan.
Thoéng s6 dau vao cia md hinh dugc trinh
bay trong Bang 1.

Bang 1 Thong sé dau vao cho md hinh cua ting cap phéi.

S s Khéi lugng , Module
Tén cap phoi (P;) (lspé) thé tich H¢ s6 poisson dan hoi
- (kg/m®) (Gpa)
XTO01 0.5e° 8.53 2532.12 0.17 26.63
XT02 0.5e° 11.85 2600.18 0.14 31.86
XTO03 0.5e° 19.79 2592.12 0.16 35.15
2.2. M6 phéng bat ky dugc ty 1& vai cbt liéu trong bé téng xi

2.2.1. M6 hinh #ng xur DEM cho bé tong x/

thép
Trong nghién ciu nay, bé tong xi thép
dugc mod phong bang phuong phap phan tu
roi rac ¢d dién do Cundall & Strack dé xuat.
Cac phan tur roi rac 1a hinh cau c6 duong kinh
* Budc 1: xac dinh tuong tac gitra C&c
phan tir roi rac dwa vao théng sé va
ban kinh tuong téc.
»  Budc 2: su dung luat twong tac (luat
g xir cuc bo) dé tinh luc twong tac
gitta hai phan tir roi rac, luyc nay
gom luc phap tuyén va luc tiép
tuyén.

Déi voi loai vat liéu co tinh dinh va ma
sat, qua trinh md phong sé c6 hai dang tuong
tac. Dang tuong tac dau tién 1a tuong tac cd
tinh dinh (link interaction) dugc hinh thanh
trong qua trinh bat d¢au moé phong. Kiéu
trong tac thir hai 1a twong tac tiép Xuc
(contact interaction) dugc hinh thanh trong
qua trinh moé phong [8]. Céc tuong tac nay
duogc kiém soat boi hé s6 v, hai phan tir twong
tac khi [8]:

Dap = v (Rq +‘Rb) )

Trong do: Ra va Ry, lan luot 1a ban kinh
cua hai qua cau, Dap 12 khoang céch tur trong
tdm cua DEa dén DEp. Nhiing gi4 tri trén la
khong ddi trong sudt qué trinh twong tac va
dugc tinh todn duy nhat mét 1an trong khi sy
tuong tac duoc thiét 1ap. Hai qua cau tiép xtc
nhau khiy=1.

Pé giam thoi gian tinh toan, luc twong
tac trong md phong cua cac phan tir roi rac

thép. Cac phan tir roi rac doc 1ap voi nhau va
tuyét d6i ceng. Mau md phong l1a tap hop céac
phan tir roi rac, cac phan tir nay khong chiu
tac dung cua tai trong, trinh tu cua thuat toan
gom c6 céc budc sau [8]:

= Budc 3: tinh tong luc tac dung Ién
mdi phan tir roi rac.
»  Budc 4: &p dung dinh luat Newton
II dé tinh gia toc cho tung phan tu
roi rac, gia toc nay sé dugc phan tich
theo thoi gian dé tim vi tri méi.
= Trinh ty nay lap lai trong moi budc
thoi gian i va dung lai thi nghiém
két thac.
chi can la lyc tuong tac dan hdi tuyén tinh.
Trong md hinh mé phong, véc to luc tuong
tac F 6 thé phan tich thanh véc to luc phap
tuyén Fn va véc to luc tiép tuyén Fs. Hai luc
nay dugc tinh tur Chuyen vi phap tuyén tuong
d6i va gia sb chuyen vi tiép tuyén twong ung,
thdng qua cac hé sé do ciing Kn theo phuong
phép tuyén va K theo phuong tiép tuyén [8].
Tir do6, da co dé xuat x4c dinh cac hé s6 do
cung Kn theo phuong phap tuyén [8], d6 cimg
Ks theo phuong tiép tuyén [8]. Céac hé sé do
cung biéu dién tuong tac trong giai doan
tuyén tinh dan hoéi duoc xac dinh nhu sau:

K, = 2E—RARB
(Ra+Rg)
K, =aK,

)

Trong d6: Kn 1a d¢ cing theo phuong
phap tuyén va Ks do cimg theo phuong tiép
tuyen cua cac véc to luc. Ra,Re lan luot la



ban kinh cua cac DE. E 1a mé dule dan hoi
cua bé tdng xi thép.

Luc trong tac phap tuyén duge xac dinh
bang viéc cap nhat luat ¢ng xir cuc bd (hinh
1) va tinh trong hai qua trinh thi nghiém, thi
nghiém kéo va thi nghiém nén. Luc tuong tac
phép tuyén duoc tinh boi:

E, = Ky(Dgp — Deg) (3)

Trong bé tdng cac hat cot liéu dugc lién
két véi nhau bang chat két dinh 13 xi mang.
Do d06, giita c4c DE s& ton tai kha ning chiu
kéo trong qué trinh tuong tadc. Trong giai
doan chiu kéo lyc tuong tac phap tuyén s&
duoc tinh theo cdng thac (3). Tuy nhién, luc
tuong tac nay sé bi mat di khi Dab > Drypture.
Khi 0, véc to luc twong tac tiép tuyén Fs
dugc tinh toan bai sy cap nhat hudng tuong
tac phu thudc vao huéng caa duong ndi tm
cua hai phan tir trong tac véi nhau, va cong
thém gia s6 cua véc to luc tiép tuyén AFs [8],
xac dinh bai

AF, = F,AU (5)
A P

|
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Hinh 1. Luc twong tic phdp tuyén giira hai
phan ti roi rac.

Pé mo phong ang sir cac vat lidu co tinh
roi rac nhu bé tong tiéu chuan Mohr —
Coulomb hiéu chinh (hinh 1) duoc st dung
[8]. Luc tuong tic phap tuyén cuc dai Fnmax
duogc dinh nghia nhu mét ham caa cuong do
chiu kéo théng qua luc dinh C. Lyc tuong tac
tiép tuyén cuc dai Fsmax dugc dic trung boi
lyc phap tuyén Fn, luc dinh C, géc ma sat
tuong tac @ va goc noi ma sat @i [3]. Luc
Fn,max, Fs,max dII(_)'C Xac dlnh bé’l

7

< Luwc phap tuyén cuc dai
= —CAjp (6)
< Luec tiép tuyén cuc dai

» Twong tac ma sat — dinh
P:s,max = Eytan®, + CAjpe (7)

Fn,max

> Twong tac thuan tiép xic
Fsmax = Fatan®, (8)

V6i A, =z (min(R,,R,))" Iadi¢n tich
bé mat tuong tac, C 1a luc dinh.

SA
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Hinh 2. Tiéu chudn Mohr-Coulomb diing
trong mé hinh.

Khi str dung cac phan tir 12 hinh cau dé
mo phong, trong qué trinh md phong xay ra
bién dang cat s& chuyén tiép md men gitra cac
hat. Gia tri mé men nay s€ duoc gigi han lai
sao cho goc ma sat tng vai md men nay la
phU hop nhét ddi véi vat liéu bé tong xi thép
nhu hinh 3.
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Hinh 3. Lugt vé md men chuyén tiép giiza
cac DE.

2.2.2. Mdu thi nghiém sé

Xay dung cac mau thi nghiém sb bé tong
xi thép, md phong céc ing xtr ciia mau thi
nghiém s, xac dinh mdi quan hé gitra tng
suat va bién dang.

Cac mau thi nghiém sé duoc sir
dung 1a mau hinh hop chir nhat ¢6 kich thuéc
150%150x300 mm, s6 lugng hat trong mau la
10000 hat hinh cau véi duong kinh thay doi
bat ky (Hinh 4).

phang so.



2.2.3. Thi nghi¢m nén mét truc

Diéu kién bién cua thi nghiém nén doc
truc dugc thé hién trong hinh 4. Mau thi
nghiém co6 6 bién dugc xem nhu 6 tuong co
E= Epe, = 0. Chuyén vi & bién trén Ia een
va bién dudi equsi, bién dudi eausi = 0 tng Vo
moi buac thoi gian trong qué trinh mé phong
sb, bién trén ewen cho chuyén vi véi moi budc
thoi gian trong qua trinh mé phong sb va

3.KET QUA THUC NGHIEM VA MO
PHONG SO

3.1. Quan hé giira ing suat va bién dang
M&i quan hé giita tng suat va bién dang cua
mau bé tong thuc nghiém va mau thi nghiém
s6 ung vai cac cap phdi bé tong khac nhau
XTO01, XT02, XT03 duoc thé hign & Hinh 5,
6va’.
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Hinh 5. Quan hé giia ing SUat’ va bién dang khi
nén cua bé tong xi thép cap phoi XT01
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Hinh 6. Quan h¢ giira #ng sudt va bién dang khi
nén cua bé tong xi thép cap phoi XT02
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Hinh 7. Quan hé giira ing sudt va bi¢n dang khi
nén cua bé tong xi thép cap phoi XT03

etreni= 0 chi khi thoi gian t=0.

Mau thi nghiém sb c¢6 4 mat héng, nhiing
mat hong nay s& khong bi gigi han chuyén vi
dé cho mau thi nghiém sé duoc phép né héng
trong quéa trinh mdé phong. Thi nghiém mo
phong dirng lai khi mau thi nghiém sé bj pha
hoai, két qua thi nghiém duoc thé hién qua
biéu d6 méi quan hé giita o1-€1.

Puong biéu dién quan hé gitra (ng suat
va bién dang cua mau thi nghiém s6 c6 dang
tuyén tinh khi ting tai tir 0 dén 40% gia tri
phé hoai Ia hoan toan phu hgp véi duong thuc
nghiém cua bé tdng xi thép [5].

Néu tiép tuc ting tai cho dén khi pha
hoai, ting suat dat gié tri lon nhat, duong bicu
dién quan hé tng suat va bién dang cua mau
thi nghiém s6 ¢6 dang duong cong va Xap xi
véi két qua thuc nghiém trén mau bé téng xi
thép.

3.2. Hinh dang vét nit

Quan sat cac mau thuc nghiém khi pha
hoai trong Hinh 8, nhan thdy & mat ngoai, cac
duong nat xuat hién ¢ bién, c6 xu hudng
nghiéng gdc 45°, con & bén trong mau, cac
duong nat cat ngang cdt lidu, c6 xu hudng
hudng tam.

Hinh 8. va nirt trén mau th| nghlem thuc nghic¢
Céc vét nit trong mau thi nghieém sé hmh
thanh do su dat gy cua tuong tac giira cac
phan tir, va su tuong tac gitra cac phan tir chi
bi pha huy trong treong hop chiu kéo (cdc DE
chuyén dich roi xa nhau). Két qua mo phong
& Hinh 9, cho thay céc vét nut xay ra trong
mau thi nghiém tai vi tri diém A trén dd thi
(o1-¢1) 1a vét nut xién phu hop véi két qua
trén mau bé téng thuc nghiem.



Hinh 9. Quan sat vét nit tai diém A trén biéu dwong quan hé o1-¢1

4. KET LUAN

Két qua md phong di cho thdy duoc
kha nang cua luat ang Xir roi rac ma nghién
ctru nay ap dung.

Hinh dang vét nut caa mau thi nghiém
s6 phu hop véi két qua thyc nghiém trén mau
bé tong xi thép. Do d6, c6 thé dung két qua
md phong dé xu hudng pha hoai cua vat liéu
khi khéng c6 sé liéu thuc nghiém.

Déi vai thi nghiém nén doc truc, trong
giai doan dan hoi tuyén tinh duong quan hé
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