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TOM TAT

San panel bé tiing cdt thép ba lap vi lap giira tir vat ligu dan nhigt thap
valdp ngoai lam tir vét ligu bé toing chiu lyc dang dan tré thanh ket céu
trign vong str dung lam k&t céu bao che trong céng trinh xay dung. Sur
|am viéc clia két céu bé ting cét thép ba lap sir dung c4c loai bé tang
khéc loai duti tac dung ciia tai trong bi anh nhigu tir cAc lap vt ligu
khac loi va cdt thép st dung. Trong bai bao nay, nham tac gia nghign
ciru vé sy anh hutmg ciia ty |8 méa dun dan hii giita hai lap bé ting
khac loai chia lap trong, Iap ngoai va ham lugng oot thép sir dung deén
kha nding khéng nirt ciia ket céu san panel bé tong cét thép ba lap dudi
tc dung cia tai trong. Phuong phéap nghién citu duge sirdung bang
viec quy ddi tiét dien ngang ciia ket cau nhiéu lap vat liéu vé mat loai
vat liu ddng nhét trén co st ty 18 ma dun dan hai gitta céc lap vat ligu,
va sirdung phurong phép va cng thire duge trinh by trong tigu chudn
Viet Nam 2574-2018. K&t qué nghién ciu chi ra ring: ty 18 ma dun dan
hili ciia bé taing lap trong, lap ngoai va ham luong cét thep st dung
trong san panel ba lap anh hwrdng lén dén kha nang khang nt va da
viing clia ket céu nay dui tac dung cia i trong. Khi t |2 mé dun dan
hdli bé thing gita lap trong va lép ngoai ciia ket céu san cang tang thi
kha ning khang niit cia san cang tang, da viing cia san nhigu lap cang
giam. Trong san panel ba lap dugc khao sét, su thay ddi ty 18 ma dun
dan hdi giira bé toing nhe & lép trong va bé ting chiu e & lép ngoai
|am thay ddi khé néing khang nirt cia san nhigu hon &nh hutng ciia s
thay ddi ham lugng cdt thép trong san. Ket qua nghién citu gidp céc
nha thigt ke ket cau san panel ba lap lra chon duge céc tham si hop
Iy va phir hop vari yéu céu khang nitt cho san.

Tir khéa: Ket céu bé tong cét thép nhiéu lap; be tong nhe; bé ting
dan nhigt thap: bé tong xdp.
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ABSTRACT

Three-layer reinforced concrete panel slabs with a middle layer made of low
thermal conductivity materials and outer layers made of load-bearing concrete
materials are gradually becoming a promising structure for use as enclosure
systems in construction projects. The behavior of the three-layer reinforced
concrete structure using different types of concrete under the influence of loads
is significantly affected by the interaction between the different material layers
and the reinforcement used. I this paper, the authors investigate the effect of the
elastic modulus ratio between the two different types of concrete in the inner and
outer layers, as well as the steel reinforcement content, on the cracking
resistance of the three-layer reinforced concrete panel slab under load. The
research method involves converting the cross-sectional area of the multilayer
material structure into a homogeneous material based on the elastic modulus
ratio between the material layers and applying the methods and formulas outlined
in the Vietnamese Standard 0a74-2018. The research results show that: the
elastic modulus ratio of the concrete in the inner and outer layers, and the steel
reinforcement content used in the three-layer panel slab, significantly affect the
cracking resistance and deflection of the structure under load. As the elastic
modulus ratio between the inner and outer concrete layers increases, the
cracking resistance of the slab improves, and the deflection of the multilayer slab
decreases. In the three-layer panel slab investigated, the change in the elastic
modulus ratio between the lightweight concrete in the inner layer and the load-
bearing concrete in the outer layer has a greater impact on the cracking
resistance of the slab than the change in the steel reinforcement content. The
research results help designers of three-layer panel slabs select appropriate
parameters that meet the cracking resistance requirements for the slab.
Keywords: Multi-layer reinforced concrete structures; lightweight concrete; low
thermal conductivity concrete polystyrene concrete.



www.tapchixaydung.vn

1. GIGI THIEU CHUNG

Ngay nay, su bién d6i khi hau va néng Ién toan ciu dang dit ra
nhiém vu cho su phét trién khoa hoc cong nghé dé con ngudi c6 thé
thich ing véi yéu cau nay. Mét trong nhiing huéng phét trién cta
céac két cau xay dung dap Ung yéu cau vé giam nhiét lugng truyén
tir bén ngoai tda nha vao bén trong cac tda nha la sir dung két cau
bao che bé téng cét thép ba 16p 6 I6p gilra tir vat liéu bé tdng dan
nhiét thap, I6p ngoai st dung bé téng chiu luc. Loai két cau nay
dang dugc phat trién va sir dung ngay cang réng dai trong céng
trinh dan dung, cong trinh cong nghiép va cac cong trinh cong
cong,....[1-4].

Hinh 1. Tdm panel san ba I6p bé tong c6t thép ¢4 I6p gitia st dung bé tong nhe dan
nhiét thap

K&t ciu bé tong cbt thép ba I6p cb I16p gilra tur vat liéu bé tong
dan nhiét thap nhu bé tong x6p, bé téng bot,...vdi chiéu day phu
thudc vao yéu cau cach nhiét ctia két cdu bao che. Lop ngoai clia két
cau ba l6p st dung bé tong c6 kha nang chiu luc nhu bé téng nang,
bé tong keramzit,... [4], [5] & [6] v&i chiéu day clia I6p bé tdng ngoai
thudng khéng nhé hon 40mm dé dap ting yéu ciu vé cau tao bao
vé c6t thép va cac yéu cau vé chiu luc [6], [7], [8]. Su lam viéc chia két
cau nhiéu 16p vdi viéc két hgp céac vat liéu khac loai dudi tac dung
clia tai trong, doi hdi su phét trién nghién ctu ly thuyét tinh toan
cho loai két cau nay.

Trén thé gidi va Viét Nam da c6 nhiéu nghién ctu trinh bay cac
phuong phap khac nhau, st dung tinh toan cac két cau bé téng cét
thép nhiéu I6p. Trong cac nghién ctu [9], [10] cac tac gid dé xuat
phuong phép tinh toan ting suat - bién dang clia két ciu c6 tiét dién
mat cdt ngang tU ba I6p vat liéu khac loai dugc quy d8i vé tiét dién
chirl st dung moét loai vat liéu, trén ca s& quy déi ty 1é mé dun dan
héi ban dau cuta cac loai bé téng. Phuong phap nay bé qua cac dac
tinh ca ly khac nhau ctia cac loai vat liéu, va coi cac I6p vat liéu lién
két toan khéi véi nhau.

Trong cac nghién cdu [11], [12], [13], céc tac gid trinh bay
phuong phap tinh toan Ung suat - bién dang cua két cau bé téng
c6t thép ba I6p dua trén méi quan hé Ung sudt bién dang riéng cda
mai I&p. Trén mat cat tiét dién ngang cla két cau, cac tac gia da gia
thuyét rdng tai mat ti€p xuc gitia hai l6p vat liéu c6 cung bién dang,
nhung do dac tinh khac nhau vat liéu c6 mé dun dan héi khac nhau
nén tai vi tri d6 c6 budc nhay vé (ing suat & 2 I6p vat liéu khac loai.
Phuong phap tinh toan nay cho phép xét dén cac dac tinh coly khac
nhau cla cac loai vat liéu khac loai. Trong qua trinh san xuat két cau
bé téng c6t thép nhiéu IGp vat liéu, mét ving tiép xdc hinh thanh
gilia cac I6p vat liéu khac loai ké nhau dusi dang mét 16p lién két do
su xam nhap cla cac hat c6t liéu [6n va c6t liéu nhé tir 16p nay xam
nhap vao I&p kia. Cac phét hién nay da dugc trinh bay va chira trong
cac nghién ctu [14], [15], [16]. Sy hinh thanh I6p lién két gidra hai lop
vat liéu khéc loai anh hudng dén mé hinh tinh toan va phuong phap
tinh toan két cau nhiéu I6p st dung vat liéu khac loai dudi tac dung
cUa tai trong. K&t qua nghién ctiu trong cac cong bé [17], [18], [19],
[20] da trinh bay phuong phap tinh toan két cau bé tong cot thép
nhiéu I6p si dung vat liéu khac loai, cé xét dén su hinh thanh I6p
lien két dya trén gia thuyét vé 16p lién két cla Kirchhoff-Love.
Phuong phap tinh toan nay phu hgp han vdi sy lam viéc thuc té cta
két ciu. Ngoai ra, c6 thé ké dén mot s6 nghién clu khac phat trién
ly thuyét tinh toan két cau bé téng c6t thép nhiéu I&p st dung vat
liéu khac loai nhu: Anh huéng clia cac tinh chat co ly clia bé tong va

cac tham s6 hinh hoc ctia cac I6p vat liéu dugc phan tich trong céng
b6 [21]. Anh hudng phi tuyén hinh hoc va tinh chat dan déo cta bé
téng dén trang thai iing suat-bién dang ctia két cau nhiéu Iép dugc
nghién ctiu trong céng bé [22]. Su xuat hién cla cac vét nit trong
I6p bén trong dugc trinh bay & cdng bé [231. Cac két qua nghién cdu
thuc nghiém & trong cac cong bé [6], [10] da trinh bay anh hudng
cla cac tham sé trong quy trinh san xuat két cdu dén viéc hinh thanh
I6p ti€p xuc gilta cac I6p bé tong khac nhau. Trang thai Ging suéat-
bién dang cla san nhiéu I&p udn da dugc phan tich bang phuong
phap phan t& hitu han trong céng bo [24]1. Tuy nhién, cac phuong
phép tinh todn nay to ra kha phuc tap dé cac ky su st dung khi thiét
ké cac két cau nhiéu I6p dudi tac dung cla tai trong. Vi vay, viéc
nghién ctru van dung cac phuang phéap cé sn két hgp véi tiéu
chudn TCVN 5574-2018 d€ 4p dung cho cac két cdu nhiéu I&p la mot
van dé cap thiét va cé y nghia thuc tién cao.

Trong bai bao nay, cac tac gia tap trung nghién cttu dnh huédng
cla ty lé mé dun dan hoi gitia hai 16p bé tdng khac loai & 16p trong
va I8p ngoai va ham lugng c6t thép st dung anh hudng dén kha
nang khang nut ctia két cau san panel bé téng cét thép ba I6p dudi
tac dung cla tai trong.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Vat liéu sir dung

Két cdu bé téng cot thép ba 16p, cé I16p gilia ti bé tdng nhe
(polystyren bé tong) dan nhiét thap thudng st dung c6 cudng do
chiu nén nho hon 10 Mpa, va I&p ngoai tu bé tong cé kha nang chiu
luc nhu bé téng keramzit hodc bé téng nang cé cdp bén tir B12,5
dén B30 [1], [9]. Cot thép dugc st dung trong nghién clu la cot thép
CB240-T. Biéu d6 quan hé gira ing suat va bién dang clia bé téng
va c6t thép st dung dugc mé ta hinh 1b va hinh 1b [25].

arctgE,

\i\\arcthh 3

' Strain
Ebl €no €2 &b

Hinh 1a. Biéu d6 quan hé (ng sudt bién
dang cta bé tong khi lam viéc chju nén [25]
Trong d6: a, - Cuding @ chiu nén ca bé tong;
Ry - Cuding dd chiu nén hinh lang tru;
& - Bién dang cta bé tong;
&1, €0, 52— bién dang cla bé tong tuong
Uing vdi ing sudt 0vr=0.6*Rs; Gb=Ry; 02
2.2 Phuong phdp tinh todn két cdu bé téng cét thép nhiéu I6p
chiu uén khi hinh thanh vét nit trén co sé quy déi mé dun dan héi
gitta cdc Iop vat liéu
Trong nghién ctu cta minh [9, 10], cic tac gid da trinh bay
phuong phap tinh toan (ing suat va bién dang cla két cau bé tong
c6t thép ba I6p ti cac vat lieu bé tdng khac loai trén ca s& quy ddi
nhiéu loai bé tdng khac loai vé mét loai vat liéu bé tong dong nhat
dua vao ty 1&é mo6 dun dan héi clia cac loai bé tong. Sau d6, st dung
cac cong thic trong TCVN 5574-2018 [25] dé tinh toan thiét ké cho
loai két cau nay. Phuong phap nay c6 uu diém c6 thé sir dung céc
céng thiic c6 sén trong tiéu chuan Viét Nam dé ap dung, bing cach
quy d6i san tirtiét dién mat cdt ngang chit nhat tir nhiéu loai vat liéu
sang tiét dién mat cat mat cat ngang tiét dién cht | mét loai vat liéu.
Viéc tinh toan trang thai tng suat bién dang cta két cau bé tong
c6t thép ba I6p ltc nay trd vé bai toan tinh toan Ung suat bién dang
cla két cau bé tong c6t thép chiu uén tiét dién chit | dudi tac dung
cUa tai trong. Trudng hgp canh nam trong vung chiu nén, dua theo

Hinh 1b. Biéu d6 (ing sudt bién dang clia
C6t thép[25]
Trong d6: gy - Gidi han chdy clia cdt thép;
0, -Gidi han bén ctia cot thép;
& - Bién dang ctia 6t thép khi o;
& - Bién dang cda thép khi a.
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vi tri truc trung hoa: Néu truc trung hoa nam & canh, tinh toan két kQ(x)
cdu san ba I6p bé téng cét thép chiu uén nhu tinh toén véi tiét dién fo = J.Fdx +Cy a7)
ngang hinh ch nhat. Néu truc trung hda nam & sudn, tinh toan két
cdu san nhiéu I6p bé téng cot thép chiu uén nhu tinh toan vai tiét
dién ngang hinh chir .

e

Trong d6: Cq - Hang s6 tich phan;

G - M6 dun khang cat cla vat liéu;

k - hé s6 ké dén anh hudng cta hinh dang va kich thudc tiét dién
ngang cla két cau, dugc xac dinh theo cong thic:

% a g F (8')
% P (18)
N oy = J*Y b(2)
£ =3 % L F va J - dién tich va momen quan tinh cla tiét dién mat cit ngang;
S o 5 =B S va b - momen tinh va bé rong tiét dién dang xét.
Hinh 2. So d6 trang thdi (ing sudt bién dang cla két cau bé tong cdt thép chiu udn khi
vét niit hinh thanh 3. KET QUA NGHIEN CUU VA THAO LUAN
So d6 trang thai lam viéc cla két cau san bé téng c6t thép chiu Phan tich kha nang khang nut clia panel san bé téng cét thép ba
udn tiét dién dién chir | dén khi vét nit bat dau hinh thanh dugec mo I6p duoc thuc hién trén mau san kich thudc: bé réng b= 500mm, chiéu
td trén hinh 2 day cta san h= 250mm va chiéu dai cta panel san I= 3000mm. Cac
D3Gi vai cac két cdu chiu udn khéng ting sudt trudc, mdé men cla théng s6 hinh hoc va so d6 tinh dugc thé hién trén hinh 3 va bang 1.
san panel tai thai diém trudc khi hinh thanh vét nit, c6 xem xét dén g 1l .
cac Uing suét co ngét dugc xac dinh theo cong thic : Ll iﬂ VLUV LU o By
Mere = RotserWol (8) EI ; 595252898253528259828)
Trong @6 Wpi - M6 men khang uén cla tiét dién quy déi; 1l W -
1 L 3000 I} H 500 H
sz = }/Ld (9) Hinh 3. S dd va kich thudc cla san san ba IGp
)z Bang 1. Bang tham s6 ddic tinh cdc I6p va vat liéu st dung
L =1, +al, +al, (10) Tham s6 vat liéu Ldp ngoai (1) Lép trong (2) Ldp ngoai (1)
Ib; Is; Is 1an lugt la mé men quan tinh cua tiét dién bé tong, cla (B15) (B15)
tiét dién c6t thép chiu kéo va clia ¢St thép chiu nén; o 1a hé s6 quy  [Chiéuday clalp, m 0,05 0.15 0.05
o ) E (Cudng d0 chiu nén cla bé tong R, MPa Re1=8.5 Rb2 Ry1=8.5
doi cot thép vé bé tong a = E“ (Cuting do chiu kéo ciia bé tong Ry, MPa Rou=0.75 Rz Ron=0.75
b \ g
v !3 khf’é?? cach tUﬂt.hc'I bé téng chiu kéo ngoai ciing dén trong Mo dun dan hoi ban dau ctia bé tong Es, MPa En=27000 Eb%%gg?&g M Ey=27000
tam cGatiétdienquydoi.  [Hesbpoatxongv=0, 02 02 02
R ?Q von,g cuasan panel E,),e t:)n\g C(,):[, thﬁp ba |~dp s‘u dung Céc ',Of" Trong lugng thé tich cla vat liéu, kg/m’ 2400 - 2400
vat liéu khac loai, khi quy doi vé san tiét dién chit | cung loai vat liéu Ham igng c6t thép sif dung loai CB300V thay d6i tf u=0,05% dén 0.3%

gém d6 véng do momen uén (fw) va dé vong do luc cét (fo), xac dinh

theo cong thic sau: Két qua nghién phan tich dugc thé hién trong bang 2 va hinh 4

Bang 2 -Momen cUa san tai thai diém vét nit bat dau dugc hinh

fy =me]2 (16) thanh
OB e

M6 dundanhdi | Mddundanhdi | Tys6 md dun dan Gid tri md men Mac (KN.m) khi vét niit bét dau hinh thanh

clia bé tong l6p cliabétonglop | hoivatliéu cia Khong xét dén 1=0,05% 1=0,075% p=0,09% p=0,13% p=0,21%

ngoai, Ey;, MPa | trong, Evy, MPa | haildp, Evo/ Ent (6t thép (206) (306) (208) (308) va (2010) (3010)
27000 5000 0.19 7.23 7.34 7.40 743 7.53 7.66
27000 7000 0.26 7.87 7.98 8.04 8.07 8.17 8.29
27000 9000 0.33 8.46 8.57 8.63 8.66 8.76 8.87
27000 11000 0.41 9.01 9.12 9.18 9.21 9.32 9.42
27000 13000 0.48 9.52 9.64 9.70 9.74 9.84 9.93
27000 15000 0.56 10.01 10.14 10.20 10.23 10.34 10.42

T két qua phan tich trong bang 2 va hinh 4 da chi
ra rang, khi ham lugng cét thép khéng thay déi, ty 1&
mo dun dan héi giia bé tong cla I6p trong va 1ép
ngoai thay déi tir 0.19 dén 0.5, Momen khang ndit cla
san bé tédng cbt thép thay déi tir 7.23 kN.m dén 10.01
kN.m (tuc c6 thé lam tang kha nang khang nut ctia san
tUr 100% Ién dén 138.5%). Khi ty 1é mé dun dan héi gilra
bé téng I6p trong va I6p ngoai khéng thay déi, nhung
ham luong cét thép thay d&i tir u=0,05% dén u=0,21%,

Momen khéng nuit clia panel san bé tong cot thép thay b 4. Biéu 46 bidy thi md men ki Finh thanh vé ndt i inh 5. By 46 biéu thim kthhEh hvitnd
&6i tr 100% 1&n dén 105%. Hinh 4. Biéu d0 biéu thi md men khi hinh thanh vétnit cia ~ Hinh 5. Biéu d6 biéu thi md men khi hinh thanh vét niit

san316p cliasan31dp

nh thanh,  (mm)
o

Momen khi vt nirt hinh thanh, Mere (kN.m)

6 viing eia panel khi wit nt b

45 050 055 060
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#Bang 3 -Dd véng cla san tai thoi diém vét nut bat dau dugc hinh thanh

M0 dun danhoi | Mo dundanhdi | Ty s6mo dun dan D3 vong clia san f (mm) khi vét niit bat dau hinh thanh

clabétonglop | clabétonglop | hdivatliéu cla Khong xét dén p=0,05% p=0,075% 1=0,09% p=0,13% 1=0,21%

ngoai, kv, MPa | trong, Exo, MPa hai I6p, Eva/ Ew 6t thép (206) (306) (208) (3098) va (2010) (3010)
27000 5000 0.19 0.217 0.205 0.198 0.195 0.191 0.183
27000 7000 0.26 0.161 0.153 0.149 0.147 0.145 0.139
27000 9000 0.33 0.133 0.128 0.125 0.124 0.122 0.118
27000 11000 0.41 0.124 0.12 0.117 0.116 0.115 0.111
27000 13000 0.48 0.12 0.116 0.114 0.113 0111 0.108
27000 15000 0.56 0.117 0.114 0.111 0.110 0.109 0.107

Tu két qua phan tich trong bang 3 va hinh 5 da chi ra rang, khi
ty & mo6 dun dan héi gitra bé tong cda I3p trong va Idp ngoai thay
déi tir 0.19 dén 0.5, d6 vong cla san gidm ti 0.217mm xudng
0.117mm & trudng hop khong xét dé€n anh hudng clia c6t thép. Khi
ham lugng c6t thép cang cao, dé véng cla san cang gidm. Su chénh
léch gilta d6 véng & cac trudng hgp va6i cung mét ham lugng cét
thép ciing khac nhau khi ty 1& mé dun dan héi gitia cac I6p vat liéu
khac nhau.

4, KET LUAN

- K&t cdu san panel bé téng cét thép ba I6p vi I6p gitia sirdung
bé téng nhe dan nhiét thap la mét gidi phap tién tién va hiéu qua
dé cach nhiét truyén qua két cdu bao che tir bén ngoai vao bén
trong cong trinh & diéu kién khi hau cta Viét Nam.

- Kha nang khang nit cta san chiu anh hudng nhiéu bdi loai bé
téng va cot thép sir dung. Khi ty 1&é mé dun dan héi gita bé tong &
I6p trong va |6p ngoai cang tang thi khd nang khang ndt cla san
cang tang, d6 véng clia san cang giam.

- Trong san panel ba I6p dugc khéo sat, su thay d&i ty & mé dun
dan héi gita bé tdng nhe &16p trong va bé tdng chiu luc & 16p ngoai
lam thay d8i kha ndng khang ndit cGia san nhiéu hon su thay d&i ham
lugng cot thép trong san.

TAILIEU THAM KHAO

[1]. E. Korol, V. D. Tho, and N. H. Hoang (2018), “Analysis of the effectiveness of thermal
insulation of a multi-layer reinforced concrete slab using a layer of concrete with low thermal
conductivity under the climatic conditions of Vietnam”. MATEC Web Conf, vol. 251, 04026,
2018, doi:10.1051/matecconf/201825104026.

[21. R.U.Halwatura, M.T.R. Jayasinghe (2008), “Thermal performance of insulated roof slabs
intropical climates”, Energy Build, vol. 40, pp. 1153—1160, doi:10.1016/j.enbuild.2007.10.006.

[3]. E. Korol, M. Berlinova (2018), “Calculation of multilayer enclosing structures with
middle layer of polystyrene concrete”, MATEC Web Conf. vol. 193, 03020,
doi:10.1051/matecconf/201819303020.

[4]. L.E. Mavromatidis, P. Michel, M. El Mankibi, M. Santamouris (2010), “Study on transient
heat transfer through multilayer thermal insulation: Numerical analysis and experimental
investigation”, Build. Simul, vol. 3, pp. 279-294, doi:10.1007/512273-010-0018-z.

[5]. A. Belyaev, G. Nesvetaev, D. Mailyan (2018), “The Issues of Energy-Efficiency
Increase of Three-Layer Reinforced Concrete Plate Constructions”, Adv. Intell. Syst. Comput.
Vol. 692, pp. 529-535, d0i:10.1007/978-3-319-70987-1 56.

[6]. V. D. Tho, E.A. Kopol (2020), “Influence of contact layers on the crack resistance of
bent three-layer structures”. Vestn. MGSU. vol. 15, pp. 988-998, doi:10.22227/1997-
0935.2020.7.988-998.

[71. T. V. Lam, V. D.Tho, V. K Dien, B. I. Bulgakov, E. A. Korol (2018), “Praperties and
thermal insulation performance of lightweight concrete”, Mag. Civ. Eng, vol. 84, pp. 173-191,
d0i:10.18720/MC(E.84.17.

[8].V.D.Tho, E. A. Korol (2019), “Influence of geometrical parameters of the cross section,
strength and deformability of the materials used on stressstrain state of three-layered
reinforced concrete”. I0P Conf. Ser. Mater. Sci. Eng, vol. 661, 012121, doi:10.1088/1757-
899X/661/1/012121.

[91.V. D. Tho, P. T. Anh (2023), “A method for calculating flexural multi-layer reinforced

concrete structures”. Vietnam Institute for Building Science and Technology, 2023, vol 2,
p. 22-33, doi: 10.59382/j-ibst.2023.vi.vol2-3

[10].V.D.Tho, E. A. Korol, N. I. Vatin, H. M. Duc (2021), “The Stress-Strain State of Three-
Layer Precast Flexural Concrete Enclosure Structures with the Contact Interlayers”, Buildings,
vol. 11, 88, p. 17, https://doi.org/10.3390/buildings11030088.

[11]. Y. H. M. Amran, R. S. M. Rashid, F. Hejazi, A. A. Abang Ali, N. A. Safiee, S. M. Bida
(2017), “Structural Performance of Precast Foamed Concrete Sandwich Panel Subjected to Axial
Load". KSCE J. Civ. Eng. vol. 22, pp. 1179-1192, doi:10.1007/s12205-017-1711-6.

[12]. P. L. N. Fernando, M. T.R. Jayasinghe, C. Jayasinghe (2017), “Structural feasibility
of Expanded Polystyrene (EPS) based lightweight concrete sandwich wall panels”, Constr.
Build. Mater, vol. 139, pp. 45-51, d0i:10.1016/j.conbuildmat.2017.02.027.

[13].M. Aydogdu (2005), “Analysis of cross-ply laminated beams with general boundary
conditions by Ritz method”. Int. J. Mech. Sd. vol. 47, pp. 1740-1755,
doi:10.1016/j.ijmecsci.2005.06.010.

[14]. E. A. Korol (2018), “The choice of the rational parameters of three-layer reinforced
concrete enclosing structures with the monolithic bond of layers by computer simulation”, I0P
Conf. Ser. Mater. Sci. Eng, vol. 456, 012075, doi:10.1088/1757-899X/456/1/012075.

[15]. F. Gara, L. Ragni, D. Roia, L. Dezi (2012), “Experimental behaviour and numerical
analysis of floor sandwich panels”. Eng. Struct, vol. 36, pp. 258-269,
doi:10.1016/j.engstruct.2011.12.011.

[16]. A. Shams, M. Horstmann, J. Hegger (2014), “Experimental investigations on
Textile-Reinforced Concrete (TRC) sandwich sections”, Compos. Struct, vol. 118, pp.643—653,
doi:10.1016/j.compstruct.2014.07.056.

[17]. V. 1. Andreev, R. A. Turusov, N. Y. Tsybin (2016), “Application of the Contact Layer
in the Solution of the Problem of Bending the Multilayer Beam". Procedia Eng, vol. 153, pp.
59-65, doi:10.1016/j.proeng.2016.08.080.

[18]. R. A. Turusov, V. I. Andreev, N. Y. Tsybin (2020), “The contact layer stiffness
influence assessment on the stress-strain state of a multilayer beam. Architecture, design and
reconstruction of architectural heritage (2020)". I0P Conf. Ser. Mater. Sci. Eng. vol. 913, 2020,
d0i:10.1088/1757-899X/913/3/032053.

[19]. V. I. Andreev, R. A. Turusov, N. Y. Tsybin (2017), “The contact layer method in
calculating  of  the shear compounds”. MATEC Web (onf. vol. 117,
doi:10.1051/matecconf/201711700008.

[20]. N. Tsybin, R. Turusov, V. Andreev, A. Kolesnikov (2018), “Stress-strain state of a
three-layer rod. Comparison of the results of analytical and numerical calculations with the
experiment”. MATEC Web Conf. 2018, vol. 196, 01057,
doi:10.1051/matecconf/201819601057.

[21]. Korol, E.A. “The choice of the rational parameters of three-layer reinforced concrete
enclosing structures with the monolithic bond of layers by computer simulation”. I0P Conf. Ser.
Mater. Sci. Eng. 2018, 456, 012075, doi:10.1088/1757-899X/456/1/012075.

[22]. Benayoune, A.; Samad, A.; Trikha, D.N.; Ali, A.A.; Ellinna, S.H.M. “Flexural
behaviour of pre-cast concrete sandwich composite panel-Experimental and theoretical
investigations”. Constr. Build. Mater. 2008, 22, 580-592,
d0i:10.1016/j.conbuildmat.2006.11.023.

[23]. Marciukaitis, G.; Juknevicius, L. “Influence of the Internal Layer Cracks on the
Cracking of Flexural Three-Layer Concrete Members”. J. Civ. Eng. Manag. 2002, 8, 153158,
doi:10.1080/13923730.2002.10531270.

[24]. Thanh-Quang-Khai LamThi-My-Dung Do (2023), The Behavior of RC Beams
Strengthened with Steel Fiber Concrete Layer by ANSYS Simulation, Hindawi Advances in
Givil Engineering, Vlol. 2023, 4711699, p. 17, https://doi.org/10.1155/2023/471169

[25]. TCVN 5574:2018, “Design of concrete and reinforced concrete structures”, 2018.

ISSN 2734-9888 | 12.2024 XAY1DUNG |101



