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Tom tat

Bai bao nghién ctru trudng nhiét do, truong Gng suat cua tim mat dudng bé tong xi mang
db tai chd vai viéc st dung tro bay caa nha may nhiét dién Cam Pha chiém 33,4% chét két
dinh. Tur két qua ung suat kéo thu duoc so sanh vai tng suat kéo cho phép ciia cip phdi
bé téng c6 st dung tro bay & trén dé danh gia dwoc su hinh thanh vét nut trong két cau mat
duong. Ngoai ra, két qua nghién ctru 1am tai liéu tham khao cho céc du 4n xay dung mit
duong bé tong xi mang c6 sir dung vat ligu tai chd trong giai doan xay dung hién nay.

Tir khéa: Mt dwong bé tong xi méang; cap phoi bé tong; phu gia; tro bay; vét nit.

1. Pit van dé

Két cdu mit dudng bé tong xi miang & tudi som ngay thuong xay ra cac vét nut do
nhiét thiy hoa xi mang. Su hinh thanh vét nat phy thudc vao nhiéu yéu to nhu: ham
luong xi ming 16n, loai xi mang, nhiét dd hon hop ban dau khi d6 cua bé tong va khi
hau khu vuc xay dung... [1].

Pé giam thiéu su phat trién vét nat cua két cau mat duong bé tong xi mang & tudi
sém ngay, mot trong nhitng bién phap hiru hiéu 1a giam lwong xi ming trong thanh phan
bé tdng bang cach thay thé luong tro bay, xi, thach cao... Viéc sir dung vat liéu phé thai
cong nghiép thay thé mot phan ham luong xi mang khong chi giam nguy co nit mat
duong & tudi som ngdy ma con gilp bao vé moi truong, tiét kiém dién tich dat lam bai
chira, giam sir dung tai nguyén khoang san dé san xuat vat liéu xay dung, dam bao phat
trién bén virng [2-4].

Bai bao nay nghién ctru trudng nhiét do - trudng (ng suat trong tam mat duong
bé tong xi ming db tai chd ¢ tudi s6m ngay Vi viéc sir dung tro bay cua nha may nhiét
dién Cam Pha chiém 33,4% chat két dinh. Tir két qua thu duoc khdng chi danh gia duoc
su hinh thanh vét nat trong két cdu mat duong bé tong nay & tudi som ngay ma con la
tai lieu tham khao cho cac dy an xay dung mat duong bé tbng xi mang trong giai doan
hién nay.

* Email: ntchuc.mta198@gmail.com
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2. Vat liéu va phwong phap nghién ciru
2.1. Vat liéu sir dung
- Xi mang Portland (X) PC 40 Tam Diép, khdi lugng riéng 3,15 g/m*. Két qua phan
tich thanh phan khoang vat va hda hoc ctia xi miang d& dugc trinh bay trong bang 1 va 2.
Bang 1. Thanh phan khoang va tinh char co' Iy ciia xi mang Portland PC 40 Tam Diép

Thanh phan khoang (%) Luong |Thoi gian dong két| Cuong do nén
Thann | MUdc yeu (phut) (MPa)
CsS | CS | CoA | CAF | a8 1 chu (%) : :
phan khac Bit dau | Két thic | 3ngay | 28 ngay
56,3 | 234 | 47 | 12,4 3,2 29,3 120 254 30,4 48,5

- Cét lidu 16n dugc sir dung 1a da dam (D) dugc nghién tir da voi, voi Dpex= 20 mm,
khéi lwong riéng cua da 14 2,67 g/m® va khdi lugng thé tich 1a 1720 kg/m®.
- Cét vang sdng Lo (C) co chit luong tét dugc str dung 1am cdt liéu min, mé dun do
l6n cua cat My = 3,0, khdi lwong riéng 1a 2,65 g/m® va khéi lugng thé tich 1a 1680 kg/m®.
- Tro bay (TB) loai F ctia nhiét dién Cam Pha - Quang Ninh, c¢6 khéi lwong riéng
la 2,32 g/m®. Thanh phan hoa hoc cua tro bay CAm Pha dugc trinh bay trong bang 2.

- Nudc may sinh hoat (N) dugc str dung dé lam nudc tron vira xi miang va bao

dudng mau thi nghiém.
Bang 2. Thanh phan héa hoc cua tro bay Cam Phd va xi méing Portland

Tinh chat - vat ligu
Tro bay Cam Pha Xi mang Portland
SiO; 54,62 20,4
Al, O3 24,17 4,4
Fe;03 6,15 54
SO; 2,81 3,5
s " K20 1,28 -
Thanh phan hoa hoc
Na,O 1,25 -
MgO 1,57 2,5
CaO 1,48 61,3
P.Os 1,63 -
Mat khi nung 5,04 2,5
buong kinh hat trung binh (um) 7,18 8,365
Khéi luong riéng (g/cm®) 2,32 3,125
Khéi luong thé tich (kg/m?) 572 1100
Ti dién bé mat (m?/g) 5,342 0,365
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Sir dung phuong phap phan tich laze trén may BT-9300Z, thanh phan hat cua
xi ming, tro bay va cat vang song Lo da dugc xac dinh va thé hién trén hinh 1. Két
qua phan tich thanh phan khoang theo phuong phap Ronghen cua tro bay nhiét dién
Cam Pha duoc thé hién trén hinh 2.

T
—=— Tro bay Cam Pha |
—o— Xi méang Tam Diép - 7
—A— Cit s6ng Lo 120 A: Kho?mg Qum?tz ]
80 ; ; B: Khoang Mullite

# Tro Bay

Long s6t tich 1ty (%)
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g i
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Hinh 1. Biéu do thanh phan hat Hinh 2. Phan tich XRD (X-Ray Powder
cua vdt liéu si dung Diffraction) cua tro bay nhiét dién Cam Pha

2.2. Phwong phdp nghién ciru

- Xac dinh thanh phan hat cta xi ming va tro bay theo phuwong phép laze trén may
BT-9300Z.

- Thanh phan khoéng vat cia xi ming va tro bay duoc xac dinh theo phuong phap
phén tich XRD trén may Quanta-450.

- Nhiét thary hda cua xi ming duoc xac dinh theo tiéu chuan ASTM C186-17.

- Cap phéi cua bé tong dugc xac dinh dua trén tiéu chuan ACI 211.1-2002.

- Cuong do nén cua mau bé tong duoc xac dinh trén mau hinh 1ap phuong kich
thudc 150x150x150 (mm) theo tiéu chuan Nga GOST 10180-2012. Cuong d6 kéo khi
udn bé tong duoc xac dinh trén mau hinh dam véi kich thuéc 100x100x400 (cm) theo
tiéu chuan ASTM C78. Tinh chat co hoc ciia bé tong duoc xac dinh vai ché do gia tai
6n dinh 3000 N/s trén hé thong thuy hrc Controls Advantest 9.

- M6 dun dan hdi cua bé tdng & tudi 28 ngay duoc xac dinh gian tiép theo ACI
318-2005.

- Hé s6 truyén nhiét ctia bé tong duge xac dinh gian tiép theo cong thic V. P. Nekrasov.

- Phan tich trudng nhiét do - truong Gng suit trong tim mat duong bé téng
Xi ming & tudi sém ngay theo phuong phap phan tir hitu han (phan mém ANSYS APDL).
2.3. Phuwong phdp phan tie hitu han dé khdo sdt trwong nhiét dé va trwong ing sudt
trong khéi bé tong

Sy thay d6i nhiét do trong khdi bé tong khi thuy hoa xi ming duoc md ta boi
phuong trinh Fourier, chiing phu thudc vao khdng gian va thoi gian [5].
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X e+ S )
ot cp

trong do: k =A/(cp) - su khuyét tan nhiét ra moi truong, m?/s; ¢ - nhiét dung riéng,
kJ/(kg.°C); p - khéi luong riéng, kg/m* VT = div(grad T) - toan tir Laplace caa ham
nhiét do; g - ham doan nhiét cua su thiy hoa xi mang, J/(m®.s).

Pé giai phuong trinh (1), ngudi ta thuong dung phuong phap sd (phwong phap
phan tir hitu han) dé xac dinh truong nhiét do trong khdi bé téng. Gié tri nhiét do can
tim phu thugc vao khéng gian va thoi gian.

t(x,y,z,7) ~t=Y N;(x,y,2)t,(x) =[N]{t} )
i=1
trong d6: N; - ham dang noi suy caa phan tir hiru han dbi vai bai toan nhiét do; n - sé nat
cuia phan tir cudi cing; t; (z) - nhiét do tai nat thi i ¢ thoi diém .

Theo phuong phap Galerkin, phuong trinh (1) dwgc mé ta nhu sau:

I {%(kx%}%(ky %]%(kz %ﬂdv{t} + [[N]N £} dS— ! AN, 05 + ! NS

_\'[GNigVJr\'/pr[N]NidV%i}:O X
Pt

[K]:JNi {%(kx %}a%[ky St—y]+a—82(kz %ﬂdv +£h[N] N.dS;

[C]=[pC[N]N;dV; [f]=[hNtdS-[qgN,ds +[GN,gV (4)
Thay (4) \\//élo (3) ta duge phuong t;nh dang m; tran: V

e1s =11 ®

dr

Giai phuong trinh (5), thu duoc truong nhiét do ¢ tat ca cac diém trong khoi
bé tong ¢ thoi diém bét ky.

Truong wng suat trong khdi bé tong dugc xac dinh theo phuong trinh (6):

oc=RxExaxAt (6)

trong d6: o - tng suat & thoi diém t; R - hé sé rang budc phu thudc vao diéu kién bién
lien két va kich thuéc khéi bé tdng; 0 < R < 1; At - chénh léch nhiét do giita 2 diém;
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a - hé s6 gidn né nhiét, 0,75%10° 1/°C [6]; E - md dun dan hdi cua bé tong - phu thudc
Va0 tuoi bé tong va duoc xac dinh theo cong thirc (7):
E(r) =E,(1-&e™) (7

trong d6: E(7) - md dun dan hoi & tudi t; E, - mo dun dan hoi ¢ tudi 28 ngay, gia tri phu
thugc vao cap do bén bé tong (E, = 26441,5 MPa); B, & - hé sb xac dinh tir thuc nghiém,
thuong liy 8= 0,0086 h, £=1.

Trong bai b4o nay, nhém tac gia s dung phan mém ANSYS APDL dé xac dinh
truong nhiét do, truong wng suat trong tAm mat duong bé tong xi mang.

3. Phan tich két qua
3.1. Tinh toan cdp phéi va xdc dinh cac tinh chdt ciza hén hep bé tong

Theo [1], bé tong xi mang ding trong thi cdng mat duong véi cudng do nén & tudi
28 ngay phai dat trén 25 MPa. Mat khac, voi muc tiéu nghién ctu Ia tai sir dung toi da
lwong tro bay nhiét dién hién c6 trén dia ban dé ché tao bé tdng, nén trong nghién cau nay
d4 sir dung luong tro bay bang 33,4% chét két dinh. Ap dung tiéu chuan ACI 211.1-2002
[7] véi ti 1é nuéc/chat két dinh (N/CKD) trong nghién ciru nay 1a N/CKD = 0,45, do sut
8 + 12 cm va luong khong khi cudn vao trong hdn hop bé tong 1a 1%, da thu dugc cap
phdi bé tdng nghién ctru duoc trinh bay trong bang 3.

Bang 3. Cap phoi nghién cizu ciia hdn hop bé tong dung 1am 16p mér duwong

Cép phéi hdn hop bé tong, kg/m? Tinh chit cia hdn hop bé tong K?ﬁ‘ 1}2%”9
€
Khéi lugng thé tich X bé tong,
x |TBlckp| ¢ | D | N | ciia hdn hop Dosut 1y gym?
CKD -ua , cm
bé téng, kg/m
317 | 159 | 476 | 584 | 1032 | 214 | 0,45 2131 11 2295

Tir hdn hop bé tong da nhao tron & trén, tién hanh do khudn hinh lap phuong
150x150x150 mm va khudn hinh dam kich thugc 100x100x400 mm. Cac mau sau khi
tao hinh duoc bao dudng 1 ngay trong khudn mau, sau d6 thdo khuon va bao dudng
trong moi truong nudc dén tudi thi nghiém.

Theo tiéu chuan ACI 318-2005 [8], gia tri trung binh md dun dan hoi cua bé téng
(Eo) & tudi 28 ngay duoc xac dinh gian tiép theo cudng do nén trung binh (R,%) bing
cong thuc (9):

E, = 4730,|R? =4730,/31,25 = 26441,5MPa 9)
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Cuong d6 nén va cuong do kéo cua bé tong duoc xac dinh & céc tudi 1, 3, 7, 14,
28 va 56 ngay theo tiéu chuan ASTM C78 [9] va GOST 10180-2012 [10]. Két qua thi
nghiém céc tinh chat co hoc cua bé tong duoc thé hién trén hinh 3.
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Hinh 3. Cuong dg nén, kéo khi uén cua bé tong ¢ cac tusi khac nhau
Theo cdng thicc V. P. Nekrasov, hé sb dan nhiét A, W/(m.°C) caa bé tong dugc
xac dinh theo cong thuc (10):

% =1,16,/0,0196+0,22p? —0,16 =1,16,/0,0196 +0,22(2295:1000)? -0,16 =11 (10)
Vit liéu 1a hdn hop ctia nhiéu vat lidu thanh phan c6 nhiét dung riéng 1a Cy, Cy, Cs, ..

Cy va khbi lugng tuong tmg 14 my, my, ms,..., m, thi nhiét dung riéng cta vat liéu hdn hop
nay sé dugc tinh theo cong thirc (11):

C, - Cm +C,m,+Cm, +...+4C m, (1)
m +m,+m;+...+m,

Nhiét dung riéng cta cac thanh phan vat liéu trong bé tong duoc thé hién trong bang 4.

Bang 4. Nhiét dung riéng cia cdc vt liéu thanh phan trong bé tong

Vat liéu sir dung Ximang | Padam | Catvang | Trobay | Nudc
Gia tri nhiét dung riéng, J/kg.°C 753,62 837,36 795,49 711,76 | 4186,8

T cép phdi bé tong d& duoc trinh bay trong bang 4 véi X = 317 kg/m®, TB = 159 kg/m®
vd CKD = 476 kg/m®, quy vé phan tram chit két dinh ta thu duoc 66,6% Portland
xi mang va 33,4% tro bay.

Luong nudc lién két hoa hoc cua bé tdng ¢ tudi 28 ngay duoc hra chon bang 20%
lwong nude nhao tron cua hdn hop bé tong. Tir cong thie (11) ta tinh todn duoc nhiét dung
riéng cuia bé tong Cp= 871,27 J/(kg.°C).
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Trong hinh 4 va 5 d4 trinh bay két qua thi nghiém qua trinh phat trién nhiét luong
thiy hda va toc do thay hoa cua chat két dinh gom 66,6% Portland xi miang Tam Diép
va 33,4% tro bay nhiét dién Cam Pha.
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Hinh 4. Nhiét thuy héa cuia hdn hop 66,6% Hinh 5. Toc do thiy hoa cia hon hop 66,6%
xi mang va 33,4% tro bay xi mang va 33,4% tro bay

3.2. Xdc dinh trwong nhiét dp - truong g suit trong doi twgng nghién ciru

Két qua tinh toan cap phdi bé téng cd st dung tro bay cua nha may nhiét dién
Cam Pha cho ta cac tham s6 quan trong dé dua vao tinh toan truong nhiét do, truong
(g suét trong tam mit duong bé tong xi ming & tudi som ngay. Cac tham sb dua vao
tinh todn bao gom: Ham luong xi mang (Bang 3); duong thiy hoa xi ming (Hinh 4-5):
nhiét dung riéng [Cu= 871,27 J/(kg.°C)]; hé sb dan nhiét [A = 1,1 W/(m.°C)]; mb dun
dan hoi phat trién theo thoi gian.

Str dung phan ti Solid70 trong phan mém ANSYS APDL d mé phong bai toan
nhiét 3D cua tim mit duong bé tdng xi mang co kich thudc 3,5%5x0,2 (m). Do tinh chat
dbi xtrng nén sir dung 1/2 md hinh dé tinh toan dwgc thé hién & hinh 6. Khu vuc xay
dung thudc dia phan tinh Quang Ninh & mién Bic Viét Nam.

B PéilwuBT-KK
I Déi luu Van khuén - KK

Hinh 6. Kich thuoc % tam bé tong nghién ciu bang md hinh 3D - FEM
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Hé s6 dbi luu bé tong - khong khi phu thudc vao loai cop pha sir dung, van tc gio
& khu vuc xay dung (thuong lay hé sb @i luu bé tong - khong khi, hy = 10 W/m.°C,
véan khudn gd - khong khi, h, = 7 W/(m2.°C)), va nhiét d6 méi truong dao dong trong
ngay theo phuong trinh (12) [2].

T :25,8+4sin[Ej, °C (12)
24

Két qua phan tich truong nhiét do, su phat trién nhiét d6 & mot vai vi tri va truong
(g suat trong tim mat dudng bé tong xi miang duoc thé hién trong hinh 7+9.

AN
NODAL SOLUTICN
SEP 30 2018
STEP=3 21:03:51
SUB =1
TIME=18
TEMP (BRVG)
RSYS=0
SMN =29.2732
SMX =33.969
29.2732 30.3167 31.3602 32.4037 33.4472
29.7949 30.8384 31.8819 32.9254 33.969

WRITE CODE BY NGUYEN TRONG CHUC

Hinh 7. Truong nhiét do trong tam bé tong xi mdng & thoi diém 18 gio sau khi do

NODAL SOLUTION AN
STEP=3 SEP 30 2018
SUB =1 15:09:00
TIME=18

UsSUM (AVG)
RSYS=0

DMX =.146E-03
SMX =.146E-03

0 .325E-04 .651E-04 .976E-04 .130E-03
.163E-04 .488E-04 .813E-04 .114E-03 .146E-03

b)
Hinh 8. Truong ing sudt trong tam bé tdng xi mdng & thoi diém 18 gio sau khi do
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Thoi gian (gid)
Hinh 9. Phan b nhiéz dé tai 3 nt (377, 273, 287) theo thai gian

Trong giai doan dau (0+18) gio, trudng nhiét do trong tim mat duong bé téng
xi ming ting do su thily hoa xi ming, dat gia tri I6n nhat la 33,9°C tai nit & tam (node
377). Céc vi tri trén bé mat (node 287) va canh (node 273) ciia tim bé tong xi ming dat
gia tri 16n nhat 1a 31,6°C va 31,2°C. Sau 18 gio, truong nhiét do trong tim bé tong
xi ming giam dan va can bang voi nhiét d6 moi truong. Chénh léch nhiét do giira
2 diém tam va mit ngoai cua tdm bé tong xi mang tai thoi diém 18 gio sau khi d6 1a
2,7°C va giam dan theo thoi gian.

Phan bd tng suét trén tim bé tong xi mang & tudi sém ngay duoc thé hién ¢ hinh 8.
Do mat ngoai cua tAm mat duong bé téng xi ming tiép xuc khdng khi nén ching cé xu
huéng giam nhiét nhanh hon so v6i ¢ thm mat duong. Su giam nhanh nhiét do, dong
nghia v&i viéc chiing c6 xu huéng co lai. Tuy nhién, tai tim tdm nhiét d6 dang tang,
ching c6 xu hudéng né ra. Su co lai & mit ngoai da bi can tro boi sy né ra ¢ tdm cua tam
bé téng. Do vay, ung suit kéo duoc hinh thanh & tudi som ngay trén bé mat tim bé tong
xi ming. Sau 18 gio khi d6, tng suat kéo lon nhit trong tam bé tong xi mang dat
0,15.10° MPa (nho hon gia tri ing suit kéo cho phép). Hién twong nut khong xay ra

trén tam bé tong xi ming.

4. Két luan
Trén co sé nhitng két qua thu dugc tir thuc nghiém va tinh toan theo phan mém
ANSYS APDL rt ra nhitng két luan sau:
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- C6 thé téi sir dung phé thai tro bay cua nhiét dién Cam Pha véi ham luong 18n
dén 33,4% chat két dinh trong ché tao bé tong ning dung cho két ciu mit duong bé tong
X1 mang.

- Chénh léch nhiét do ¢ tdm va mat ngoai cia tim bé tong xi ming tir cap phdi
trén tai thoi diém sau 18 gio thi cong la lon nhat bang 2,7°C va giam dan theo thoi gian.

- Ung suat kéo I6n nhat trong tim bé tong xi mang & tudi sém ngay dat
0,15.10° MPa ¢ thoi diém 18 gio sau khi dé nho hon gia tri ung sudt kéo cho phép.
Do do, su hinh thanh vét niat khdng xay ra.

- Két qua nghién ctu la tai lieu tham khao cho cac du &n xay dung mat duong
bé tong xi ming co6 st dung vat liéu tai chd trong giai doan xay dung hién nay.
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RESEARCH ON THERMAL FIELD AND THERMAL STRESS FIELD
IN CEMENT CONCRETE PAVEMENT WITH THE USE OF FLY ASH
FROM CAM PHA THERMAL POWER PLANT

Abstract: The paper investigating the thermal field, stress field of concrete pavement cast
in place with the use of fly ash from Cam Pha Thermal Power Plant accounted for 33.4% of
adhesive. Comparing the results obtained from tension stresses with the allowable tensile stress
in concrete that using fly ash as an admixture to evaluate the crack formation in the pavement

structure. In addition, the research results could be used as a reference source for construction
projects of concrete pavement using local materials in the current period.

Keywords: Cement concrete pavement; concrete aggregate; additive; fly ash; cracks.
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