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TGM TAT

Bai bao sir dung phueng phap co hoc thec nghiem (MEPDG) dé
phan tich ket cdu mat duing bé tang xi mang sir dung cit ligu
tai ché tir phe thai xay dung (PTXD) trong diu kign khi hau Viet
Nam. Ben canh da, két cdu mat duang duge dé xuét cing dupc
kiém toan theo TCCS39:2022/TCHBVN dé so sanh ket qué tinh
toan cia hai phuong phap vai nhau. K&t cdu mat duing bé tang
xi mang str dung trong nghién ctu nay dueec tham khao tr ket
qua nghién ciu dé xudt phuong én két céu do dudng sir dung be
tdng cdt lieu tai ché coa PGS.TS Nguyén Thanh Sang va céc cing
si. K&t qua phan tich cho thay, ket cdu mat dueng da dé xuft
thiia mén tat ca cac tiéu chudn tinh toan cia ca 2 phueng phép.
Phuong phap MEPDG can cho thdy két cdu mat dudng bé tang xi
mang st dung cot ligu tai ché tir phe thai xay dung co tinh dn
dinh theo thoi gian, cac y&u td kiém tra it cd sy thay ddi theo
thiri gian tinh todn cia mat duing.

TU KHOA: Cat ligu tai ché: be tang xi méng sir dung cdt ligu téi ché:
phuong phap co hoc thye nghiém; phan tich méat duang bé tong xi
mang bing phuong phap co hoc thyc nghigm.

ABSTRACT

This article using software to analyze pavement structure by
Mechanistic - empirical method (MEPDG to analyze of cement concrete
pavement structure using recycled aggregate from construction
waste in Vietnam's climate conditions. In addition, the proposed
pavement structure was also analyzed according o
TCCS39:2022/TCDBVN to compare the calculation results of the two
methods with each other. The cement concrete pavement structure
used in this study was referenced from the research results to
propose a pavement structure plan using recycled aggregate concrete
by Associate Professor, PhD. Nguyen Thanh Sang et al. The analysis
results show that the proposed pavement structure satisties all the
calculation criteria of both methods. The MEPDG method also shows
that the cement concrete pavement structure using recycled
aggregate from construction waste is stable over time, the tested
factors have little change over the calculation time of the pavement.
KEYWORDS: Recycled aggregates; recycled aggregates concrete;
mechanistic-empirical pavement design; Analysis of cement
concrete pavement using experimental mechanical methods.

1. DAT VAN DE

Phuong phap ca hoc thuc nghiém MEPDG da va dang dugc
st dung trong thiét ké két cdu mat dudng rong rai & My va mot
s6 nudc khac. MEPDG khéc phuc dugc cac nhugc diém cua
phuong phép thiét ké két cau thuan thuc nghiém AASHTO [1][2]
[31[4] [5].

O Viét Nam viéc nghién ctfu ting dung phuong phép co hoc thuc
nghiém trong phan tich thiét ké két cdu do dudng mém da duoc
thuc hién bdi tac gia Nguyén Quang Phuc (2014) [6]. Hay dé tai
nghién clu cac diéu kién can thiét dé ap dung phuong phap MEPDG
trong phan tich két cau mat dudng & Viét Nam cla tac gia Nguyén
Hoang Long (2018) [7]. M6t s6 nghién ctu khac cho thay khi kiém
toan mot sé két cau mat dudng theo TCCS 37: 2022 thdéa man tat ca
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céc tiéu chudn. Nhung khi kiém toan cac két ciu trén béng phuong
phép MEPD thi c6 mét s6 tiéu chudn khéng dat.

DGi v6i mat dudng bé tong xi mang (BTXM) khi phan tich bang
phuong phap MEPDG cling can phai nghién cttu va so sanh két qua
Vi tiéu chudn thiét ké mat dudng BTXM (TCCS 39: 2022/TCDB) dang
ap dung & Viét Nam dé c6 cac danh gia phu hgp.

Cét liéu tai ché tir phé thai xay dung (PTXD) da va dang dugc nghién
cliu va ng dung trong céc trudng hgp cu thé. Mét trong nhiing ting
dung phd bién ctia PTXD la st dung trong cac I6p két ciu do dudng,
trong do co viéc tng dung lam c6t liéu cho mat dudng BTXM. Nghién
cltu clia tac gia PGS.TS Nguyén Thanh Sang vé viéc ting dung cét liéu
tai ché ti PTXD cho médt dudng BTXM da dé xudt mot s6 két cdu mat
dudng BTXM st dung cét liéu tai ché phi hgp vaéi diéu kién Viét Nam
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[8]. Nghién ctiu nay sé st dung cac dé xuat két cau ctia PGS.TS Nguyén
Thanh Sang dé phan tich va song sanh két qua.

2.NOI DUNG NGHIEN CUU

2.1. Cacthéng sé dau vao ciia két cdu mat dudng nghién ciu
2.1.1. Két cdu mdt dudng

< Két cdu mat dudng gobm 3 16p nhu hinh 1

RAC (74 - L6p BTXM st dung c6t liéu tai
EAMCL satiigiael 500 | ché& tir PTXD (RAC-Recycled
Aggregate Concrete), day hy =
26cm

B dhem chi - L&p cap phéi cot lidu tai ché
(RA-Recycled Aggregate) gia

Hinh 1. Két ciumat duong RAC (B40) | <0 5% xi médng, day h, = 15¢cm

- L6p cap phdéi da dam loai 2
day hs3=15cm

dugc st dung trong nghién ctiu nay [8]

- L&p dat nén dam chat K>=98,
CBR >=6

«* Kich thuéc tdam BTXM st dung cét liéu tai ché
Mat dudng BTXM dugc thiét ké méi dang phéan tdm (Jointed
Plain Concrete Pavement) v&i kich thudc tdm nhu sau:

Chiéu dai tdm: L=4.5m

B& rong tam: W=3.7m

Ty lé L/'W =1.21<1.25 (theo khuyén cdo cula
AASHTO)

2.1.2. Cac théng s6 vé vat liéu cta cac I6p két cau
< L&p RAC B40 [13]

Khéi lugng riéng: 2400kg/m3 [17]

Hé s6 poat xéng: 0.15

Hé sé gian nd vi nhiét: 7.10°mm/mm/°C [14] [16]

Do dan nhiét: 2.16 W/m-K [14][15][16] [17]
Nhiét dung riéng: 1172.3 J/kg-K [14] [151[16] [17]
Loai xi mang: GU(Type |) (tuong duong PC40)
Ham lugng xi mang: 356 kg/m?

Ty 1é nudc va xi mang: 0.45

Cot liéu: Tai ché ti PTXD

M6 dun dan hoi: 31000 Mpa

Cudng d6 chiu nén: 42.6 MPa

Cudng d6 chiu kéo udn: 5.0 MPa

<+ L&p RA (Cét lidu tai ché) gia cd 5% xi mang [13]

Khéi lugng riéng: 2400kg/m?[17]

Hé s6 poat xéng: 0.20

khi hau cta tinh Pha Yén théng qua tram quan trac (PHU-YEN.VN
(113359)) noi c6 du an dugc thiét ké va dugc tich hgp sén trong
phan mém (ME).

Chiéu sau muc nudc ngam: Phu Yén la khu vuc c6 dia hinh da
dang, chiéu sau muc nudc ngam c6 su khac nhau I6n tai cac dia
diém cua tinh [10]. Sau khi phan tich va so sanh tac gia chon chiéu
sau muc nuGc ngam la 10m dé tién hanh phan tich.

Cac du liéu khac lién quan dén khi hau nhu: Lugng mua trung
binh nam, s6 ngay &m uét trong ndm, nhiét dé trung binh tiing gi¢
trong ngay, nhiét dé trung binh tiing thang, t6c do gio,...v.v phan
mém sé tu déng xt ly va cap nhat khi lua chon khu vuc phan tich.

2.1.4. Théng sé vé luu tugng xe va tai trong tinh toan

Thong s6 vé luu lugng xe, tai trong truc xe dugc tham khao
trong bang tinh vé luu lugng xe thiét ké cho du én nang cap tuyén
dudng bé ndi hai tinh Phu Yén va Gia Lai clia Téng Cong ty tu van
thiét ké giao thong van tai, Cong ty ¢ phan tu van XDGT2 (TEDI) [9].
Sau d6, st dung coéng thic quy déi vé luu lugng xe tai trung binh
cac ngay trong tuan thiét ké nam dau cho ca 2 lan la (Initial Two-
Way Average Annual Daily Truck Traffic - AADTT): AADDT=250
xe/nd [9]. Hé s6 tang trudng xe hang nam 3% theo mé hinh ham ma
(compound). Ty 1é xe tdi/xe khach theo huéng 50%. Ty Ié xe tai/xe
khach chay trén lan tinh toan 80%. Cac thong sé khac duogc ldy theo
mac dinh cia chuong trinh.

2.1.5. Thdi gian tinh toan cta du an

Thai gian tinh toan cta du én: 15 nam

Nam bat dau di vao khai thac cta du an: 2020

Nam cudi khai thac ctia du an: 2035

2.2. Két qua phan tich bing phuong phap co hoc thuc
nghiém (MEPDG)

2.2.1. Két qua phan tich

Khi phan tich két cdu mat duong BTXM bang phuong phép
MEPDG méi két cau mat dudng can théa man 3 tiéu chudn sau:

+ Do g6 ghé cudi cung (Terminal (IRl - m/km)), gid tri cho phép
theo phuong phap MEPDG: 2.70 m/km

+ Tiéu chuan vé dut khdp (lién két) gitia cac tdm véi nhau (Mean
joint faulting (mm)), gia tri cho phép theo phuong phap MEPDG:
3.00 mm

+ Tiéu chuan nit ngang tdm (JPCP transverse cracking (percent
slabs)): gid tri cho phép theo phuong phap MEPDG: 15%

Sau khi khai bao cac théng s6 dau vao, phan tich két cdu bang
phan mém MEPDG va du doan cac yéu té kiém tra trong thai gian
khai thac nhu sau:

Predicted IRI

M6 dun dan hoi: 1300MPa
Nhiét dung riéng: 1172.3 J/kg-K [14] [15] [16] [17] 7
D6 dan nhiét: 2,16 W/m-K[141 [15] [16] [17] E 25— Threshatd vato
< Lép Cap phdi da dam loai 2[11]1[12] E ik 1.
He Py poat xc“)ng: 0.25 E . et @ SpecifiedReliability
He 56 2p luc 3t ngang (Ko 05 % 5] ST @SORBY
Mé dun dan héi: 250MPa IO TR A R I | st |
< Dat nén K98, CBR>=6 [12]
Hé s6 poat x6ng: 035 " : 10 12 T4 ,
Hé sé ap luc dat ngang (Ko): 0.5 Pavement Age (years)
M6 dun dan hoi: 45MPa Rl-jpcp
2.1.3. Théng sé khi hau ctia khu vuc ¢6 du an o C1 - Cracking C1:0.8203 C2: 0.4417
Céac dac trung co hoc clia vat liéu trong cac I16p két cdu do dudng C2 - Spalling C3: 1.4929 Ca: 25 24

va nén dudng thay déi trong suét vong doi thiét ké clia do dudng
phu thudc vao cac yéu té tac dong cda khi hau xung quanh nhu:
nhiét d6, d6 &m, lugng mua, chu ki déng bang-tan bang, muc nudc
ngam,...v.v. [7]. Trong nghién cliu nay, cac tac gia st dung théng s6

C3 - Faulting Reliability Standard Deviation
C4-5ite Factor |54

Hinh 2. Két qua phan tich d9 go ghé theo thai gian (Terminal (IRI - m/km)
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Hinh 4. Két qua kiém toan niit ngang tdm (JPCP transverse cracking (percent slabs))

(ETEE5 | rams | snee
Distress Type e lat Satisfied?
Target Predicted Target  Achieved
Pass.

270 139 90.00 100.00
am0 050 90.00 100.00
(percant siabs) 1500 as3 80.00 100.00 Pass

Hinh 5. Két qua kiém toan két cdu mét dutng bang phan mém MEPDG

Predicted PCC Cumulative Damage
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Hinh 6. Két qua du doan niit theo thai gian tit dudi Ién trén (Bottom-up)

2.2.2.Thao luan

Sau khi phan tich két cdu do dudng BTXM st dung c6t liéu tai
ché&ti PTXD trén ta nhan thay:

o Ca3tiéuchuin can kiém tra ctia két cdu 4o dudng BTXM déu thoa
man yéu cau va c6 gia tri tinh toan nhé hon nhiéu so véi yéu cau clia cac
tiéu chudn va phuang phap tinh toan. Tiéu chudn vé do g6 ghé tai thai
diém ndm cudi tinh toan (ndm 2035) a 1.39m/km so vdi gi6i han cho
phép clia phuang phap tinh la 2.70m/km. Tiéu chuan kiém toan vé dut
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lién két gitra cac tdm BTXM véi nhau & thai diém ndm cuéi tinh toan
(2035) 1a 0.5mm so vdi gidi han cho phép ctia phuong phap tinh la 3.0.
Tiéu chuan kiém todn vé nit ngang tdm BTXM & thdi diém ndm cudi
tinh toan (2035) la 3.83% so vdi gidi han cho phép clia phuong phap
tinh 1a 15% (hinh 5). Qua dé ta nhan thay két cau mat dudng BTXM st
dung c6t liéu tai ché tir PTXD da dugc dé xuat ca PGS.TS Nguyén
Thanh Sang va cac cong su dé xuat la hop ly va c6 do an toan cao khi
phan tich bang phuong phap MEPDG.

e Ca3tiéu chuan can kiém tra clia két cdu do dudng trén khi xét
theo thai gian ta nhan thay: Theo thdi gian su gia tdng clia ca 3 tiéu
chuan vé d6 g6 ghé, dut lién két cac tdm BTXM va nit ngang cla
tdm BTXM thay d&i rat nhé (theo cac hinh 2, 3, 4). Biéu d6 chiing té
két cdu mat dudng BTXM st dung c6t liéu téi ché tu PTXD cé tinh 6n
dinh cao theo thdi gian.

e Theo két qua phan tich yéu t6 pha hoai nit ti dudi lén trén
tich lGy theo thdi gian cé su gia tdng (hinh 6). Nhung gia tri va muc
d6 gia tang la rat nhé va van nhoé hon nhiéu so vaéi gia tri gidi han
clia phuong phap tinh.

2.3. Phan tich va kiém toan két ciu theo TCCS
39:2022/TCDBVN

2.3.1. Cac théng s6 dau vao

Cac thong s6 dau vao vé két cdu mat dudng, cac thong sé vé vat
liéu ctia cac I6p két cau, thoi gian tinh toan nhu d6i véi phuong phap
cd hoc thuc nghiém.

Thoéng s6 vé khi hau dugc Idy theo khu vuc mién Trung (khong lay
cu thé tai tinh nao ctia mién trung), thong s6 nay lién quan dén tri s&
gradien nhiét do 16n nhat (Tg=89 °C/m déi véi khu vuc mién trung)

Thong s6 vé luu lugng xe va tai trong tinh toan dugc Iy tuong
tu nhu phuang phép co hoc thuc nghiém, nhung phai quy déi tu
luu lugng xe tai trung binh ngay dém nam dau khai thac vé tai trong
truc 100kN tich IGy (Ne = 800000 truc/lan) [12].

2.3.2. Kiém toan két ciu

Viéc kiém toan két cdu mat dudng BTXM duogc tién hanh theo
cac trang thai gidi han sau [11]:

Yr.(Opr + Ow) < fr (M
Yr.(Opmax + Otmax) < fe (2)
Yr-Obpr < for (3)
Trong doé:

+ opr: Ung suét kéo uén (USKU) gay méi do tac dung xe chay tai
vi tri tdm BTXM dé bi pha hoai (Mpa).

+ ow: USKU gay moi do tac dung gradien nhiét do tai vi tri tam
BTXM dé bi pha hoai (Mpa)

+ Opmax: USKU gédy maéi do tai trong truc xe ndng nhat gay ra tai
vi tri tdm BTXM dé bi pha hoai (Mpa)

+ Otmax: USKU gay mai do tai trong gradien nhiét 6 I6n nhat gita
mat trén va mat dudi tai vi tri tdm BTXM dé bi pha hoai (MPa)

+ fi: Cudng d6 kéo udn thiét ké ctia BTXM (MPa)

+ for: Cudng dé kéo udn thiét ké ctia vat liéu méng (MPa)

+ yr: Hé 56 d6 tin cdy trong thiét ké, chon =1.1

“* Kiém tra Uing suat kéo udn gay ra do tai trong va nhiét do tai
vi tri gitra canh doc tam BTXM.

- Tinh todn Ung suat kéo uén gay ra do tai trong, dugc xac dinh
theo céng thuc:

Opr = kr.kr.ke.Ops = 3.24 (MPa).

Opmax = kr.kc.Opm =259 (NlPa)

Trong d6: + ke Hé s6 triét gidm (ng suat do kha nang truyén tai
tai khe noi; k. =0.87

+ ke: Hé s6 téng hap, phu thudc vao cdp hang dudng; k. =1.05

+ kr: Hé s& mai trong thai han phuc vu thiét ké; kr=2.17

- Tinh toan (ing suat kéo udn gay ra do nhiét dé dugc xac dinh
theo cong thuc:
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+ Ot = kt.Otmax = -0.05

Trong do:

+ ki: Hé s6 ting suat kéo udn gy moi nhiét

+ Otmax: Ung sudt kéo uén 16n nhat do gradient nhiét d6 16n nhat
gayra

Otmax = 0,5.Qc.hc.Ec.Tg.BL=0.567 (M pa)

Trong doé:

+ ac: Hé s6 dan nd mot chiéu ctia BTXM phu thuéc vao cét liéu,
lay =7.10°mm/mm/°C [14]

+ ke: Hé s8 iing sudt kéo uén gay maéi nhiét, 1y = - 0.095

- Kiém tra theo diéu kién (1)

+ Yr.(Opr + 04)=3.5 < 4.5 dat yéu cau.

- Kiém tra theo diéu kién (2)

+ Vr.(Opmax + Otmax)=3.48 < 4.5 dat yéu cau.

- Kiém tra diéu kién (3): Do tri s6 Ung suat gay moi dudi day
mong vai trudng hgp mong trén bang cap cét liéu tai ché tir PTXD
gia c6 xi mang thudng la nho, khong dang ké nén cé thé bo qua.

2.3.3.Thao luan

Sau khi phan tich két cdu do dudng BTXM st dung c6t liéu tai
ché& tir PTXD trén theo TCCS39:2022/TCOBVN ta nhan thay:

o Két cau mat dudng BTXM st dung cét liéu tai ché tir PTXD trén
thda man tat ca cac diéu kién can kiém tra ca két cdu do dudng cuing.

o Ung suét tinh toan va Ung suat cho phép clia mat dudng kha
tuong d6ng nhau nén nén két cdu mat duong da dé xuat la tuong
d6i phu hap.

o K&t cdu mat duong BTXM st dung c6t liéu tai ché tir PTXD
hoan toan c6 thé kiém toan theo TCCS39:2022/TCDBVN khi c6 day
dua cac chitiéu co ly ctia vat liéu. Tuy nhién, c6 nhiéu loai c6t liéu tai
ché&, méi loai lai c6 cac dac trung co ly khac nhau. Do d6, can phai cé
két qua nghién ctiu cu thé vé cac chi tiéu co ly cla tiing loai c6t liéu
tai ché khac nhau.

3. KET LUAN

o K&t cdu mat dudng BTXM st dung c6t liéu tai ché ti PTXD dugc
dé xuat khi kiém tra bdng phuong phép MEPDG va theo
TCCS39:2022/TCHBVN (phuong phap ly thuyét - thuc nghiém) déu thoa
man cac diéu kién kiém tra. Biéu do chiing &, viéc st dung c6t liéu tai
ché cho céc I6p két cdu mat dudng BTXM la hoan toan kha thi va gop
phan vao viéc xt ly chat thai, bao vé mai trudng va hiéu qua kinh té.

e Khi kiém toan két cdu mat dudng BTXM bang phuong phap
MEPDG can c¢é nhiéu théng s6 dau vao hon nhu: Thong sé vé két
cdu, théng s6 vat liéu, théng sé vé luu lugng xe tai, thong sé vé khi
hdu, thong s6 vé thai gian tinh toan cla két cau mat dudng. Trong
khi d6, khi kiém toan ké cdu mat dudong BTXM theo
TCCS39:2022/TCOBVN (phuong phap Iy thuyét - thuc nghiém) thi ¢6
théng s6 dau vao it hon, khi chi can céc théng sé két cdu, thong sé
vat liéu, thdng s6 vé tai trong truc xe, thdng s6 vé thai gian tinh toan
cla két cau mat dudng. Méi thong sé trong phuong phap MEPDG
can phai c6 nhiéu chi tiéu hon va phic tap hon so vé6i phuong phéap
ly thuyét - thuc nghiém.

o Khi kiém toan bang phuong phap MEPDG két cdu mat dudng
can théa man 3 tiéu chuan: la do ghé ghé tai thoi diém cudi cung
thiét ké; kiém toan tiéu chuan dut khdp (thanh lién két gitta cac tdm)
va tiéu chudn nut ngang ctia tim BTXM. Trong khi d6, khi kiém toan
theo TCCS39:2022/TCOBVN (phuang phap ly thuyét - thuc nghiém)
chi kiém tra Ung suat kéo udn gay ra do tai trong va nhiét dé tai vi
tri gilfa canh doc tdm BTXM théng qua cac bat déng thic cha
phuong phap tinh.

e Khi kiém toan két cdu mit dudng BTXM bang phuong phap
MEPDG, biéu d6 két qua thé hién dugc su thay d6i cac diéu kién yéu
cau theo thai gian ti ndm dau khai thac dén thai diém cudi chia ky

tinh toan (d6 g6 ghé theo thai gian; dut thanh lién két gilra cac tam
theo thai gian; kha nang ndt tdm theo thai gian). Trong khi d6, kiém
toan theo TCCS39:2022/TCBBVN (phuong phap ly thuyét - thuc
nghiém) khéng thé hién dugc su thay déi theo thai gian.

e Khi kiém toan két cdu mat dudng BTXM bang phuong phap
MEPDG cho phép xac dinh dugc tinh 8n dinh trong cac chi tiéu cla
két cdu mat dudng theo thdi gian. Qua két qua phan tich két cau
trén ta nhan thay két cdu mat dudng BTXM st dung cét liéu tai ché
tU PTXD ¢6 tinh 6n dinh cao theo thai gian, céc gid tri cda cac tiéu
chuén kiém tra it c6 su thay d8i ti ndm dau dua vao khai thac dén
thai thai diém cudi khai thac. Day la moét tinh chat quan trong khi st
dung c6t liéu tai ché vi c6 nhiéu nghién ctu con ban khodn vé su 6n
dinh clia cac tinh chat co ly ctia cot liéu tai ché tu PTXD.

e Khéng thé so sanh dugc muc dd chinh xac gilia 2 phuong
phap tinh v&i nhau vi méi phuong phap cé cac tiéu chuan kiém toan
khac nhau. Nhung nhin chung, néi dung kiém toan ctia phuang
phap MEPDG c6 thé hgp ly hon do xét dén nhiéu yéu té hon va can
c6 nhiéu két qua thuc nghiém vé vat liéu, cac két qua do vé khi hau
va s0 liéu vé luu lugng xe phtic tap hon.

TAI LIEU THAM KHAO

[1]. AASHTO (2015), Mechanistic-Empirical Pavement Design Guide- A Manual of
Practice, 1SBN: ISBN: 978-1-56051-597-5.

[2]. Jonathan Nathan Boone (2013), “Comparison of Ontario Pavement Designs Using
the AASHTO 1993 Empirical Method and the Mechanistic-Empirical Pavement Design Guide
Method”, Master Thesis, the University of Waterloo, Waterloo, Ontario, Canada.

[3]. Husam A. Sadek, Eyad A. Masad, Okan Sirin, Hussain Al-Khalid, Mohammed A.
Sadeq & Dallas Little (2014), “Implementation of mechanistic-empirical pavement analysis in
the State of Qatar”, International Journal of Pavement Engineering, 15:6, 495-511.

[4]. NCHRP (2004), Guide for Mechanistic-Empirical Design of New and Rehabilitated
Pavement Structures, Project 37-1A, National Cooperative Highway Research Program,
Transportation Research Board, National Research Council, Washington DC.

[5]. Nick Thom (2014), “Principles of Pavement Engineering Second edition”, |CE
Publishing, ISBN 978-0-7277-5853-8.

[6] N.Q. Phicva P.T. Ha (2014), “Sidung phuong phdp co hoc thuc nghiém phan tich két
cdu mdt duong mém & Viét Nam”, Tap chi Cau duong Viét Nam, S6 thang 8/2014.

[71. N.H. Long va cac cong su (2018), “Nghién ciu cdc diéu kién cdn thiét dé dp dung
phuong phdp co hoc thuc nghiém trong phan tich két cdu mdt dutng ¢ Viét Nam”, Dé tai NCKH
¢ap B9 Giao thong van tai, 2024.

[8]. N.T.Sang, N.V.Tinh, V.V.Hung (2024), “Nghién ctiu ché tao bé téng mdt dudng sit
dung cdt liéu tdi ché va chdt thdi cong nghiép”, Hoi tao khoa hoc qudc gia: Nhiing tién bg trong
xdy dung, kién tric, kinh té va cong nghé nam 2024,

[9]. Cong ty c6 phan tu van XDCT giao thong 2 (2012), “Bdng kiém todn két cdu do dutng
bé tong xi mdng”, Dy an ndng cap tuyén dudng b ndi hai tinh Phu Yén - Gia Lai, doan trén
dia phan tinh Pha Yén.

[10]. Co quan hgp téc qudc té Nhat Ban (JICA), “Nghién ctiu khai thdc nudc ngdm tai cac
tinh Duyén hdi nam trung bg nudc CHXHCN Viét Nam”, théng 3/2009.

[11]. TCCS39: 2022/TCHBVN, “Thiét ké mdt duding Bé tong xi méng thong thudng cd khe
ndi trong xdy dung cong trinh giao thong”, nam 2022.

[12]. TCCS37: 2022/TCOBVN, “Ao duting mém - yéu cdu va chi dén thiét ké theo chi so két
cdu SN”, ném 2022.

[13]. TCVN 11969: 2018, “(6t liéu lon tdi ché cho bé tong”, ndm 2018.

[14]. A. H. Ahmed,, S. A. Al-Mishhadani., A. M. Ibrahim, “Thermal Properties of Recycle
Aggregate Concrete with Different Densities”, Eng.&Tech.Journal, Vol.33,Part (A), No.9, 2015.

[15]. K. H. Milon., M. H. Rashid., M. Debashis., H. Tomzammel, “Effects Of Aggregate
Types On Thermal Properties Of Concrete”, ARPN Journal of Engineering
and Applied Sciences, Vol. 7, pp. 900-907, 2012.

[16]. S. Belarouf., A. Moufakkir., K. Annaba., A. Samaouali, “Experimantal and
numerican thermal properties of concrete materials modified with construction waste for
building construction use”. JP Journal of Heat and Mass Transfer, India, p113-132, 2022.

[17]. S. Magdalena., V. Martin., P. Tereza, “Thermal Properties of Concrete with Recycled
Aggregate”, Advanced Materials Research Vol. 1054 (2014) p.227-233, Switzerland, 2014.

ISSN 2734-9888 | 09.2024 XAY1DUNG |87



