[ Downloaded from mcej.modares.ac.ir on 2024-04-29 |

[ DOI: 10.22034/23.4.53]

igh — ole dbna
ot s (pudinn
VEY Jlo oF oyled XYY 00
SA L OF clxio

w2 SR b &Sl S (gl P ol 403
i sk cod S5 b5

’ S d3ls fu.ga,s,s uiﬂgmdbs b&ih\dwl sls il

Q\ﬁ\“;..i;)f ‘J«‘ju\ )\)T eK..f.J‘J LCM.ZJ))A .1\7-1} cQ‘JAF LSANW oj; w)'LN 6),55 Lgyr_;;‘b -
Qlﬁ\‘c,w':;}f ,&)&w( J\)T om‘s Ak:v.:)jjﬁ J}-b ¢ Qljo& u.w.L.@.a a}; ,)Lﬁ sl =Y
Q\ﬁ\‘w.)})» ,&M.w\ bbi eK..in ¢C,w:l:J}J4 J}-\}‘Q‘Ja& o...:.l.\.@,c a}J§ ,)L::.)L’Zﬁa‘ -Y

Ol gl 3l ey oDl 53T olKE3ls 3l ad Al s ¢ Ol jas gwilige 05,5, bskeal ¢
Email: Ashkan.torabi@miau.ac.ir

VEN/PATY Sy '@)U VEV/v 0/ A 3L s '@)U

s 4 e Sl 5 il 5a dIs el Ol 4 Wl sl Ol (gl anstle i o o sl b L loslo 5l dlas ol 5o
YONNE R L Pt QYM};;@CLM;),:{QYVQ Shassle bay s oY a5l e s Bl el ool st andllas g3de 5 S
L (nl . Sles Y Olpe o (S Jlie 53 polie mlos S b Jseme 02 Y S5 s aea b Sle Y Olye & S (2 5 el
53 I8 0 sl eyl 5 S e 5 Sas ) G ol Blal e Luate [0S a4 S0 b s b VLl Lo S 4l b
magel il ghte b gl il ey ctle 058 w5 (3l il o3 Lol s 5 8 gl o am sl e B b
G Shs s Slasie b am bl gbo bl ssiome 0Ll Joo Lo anllas o o255 515 e (al] cou a8 lsl gl
Gkl & oo Y 53 b sl la KL ol 0L mls ool sl plnil ABAQUS 33l 5 b (o iules] e ST
@ bSO JIs Olpe 4 astla iy amsdile gla Bl oS 8y ioman (3l o S e 5 50k Sod b sl o Y an b o sl
S s KOl Ll 008 Jes sl 4 g Y s (Sean l (B 5 A X some (3lge 5 VLl 031315 S e Sl
-G s amble sl by el cds 35 51 g 5 BB s 5 18 alis 550 Ol e 5 AR L 5T Clalas Lo

A3 Oletler 53 Jpeme 2o I3 g (511 s o S0l Ol g @ Al e L

e OVl i o sl BL S o o stoe Ol dute (alilesT oldlas TGS OB 519

oy


http://dx.doi.org/10.22034/23.4.53
https://mcej.modares.ac.ir/article-16-63214-fa.html

[ Downloaded from mcej.modares.ac.ir on 2024-04-29 |

[ DOI: 10.22034/23.4.53]

O 5 gl 5l il

e VG Ll i sl sla BL glosle s,

K3 S b S e a5 e S Bl S Ol e
[4-3] 555 a5 8

Al S Do o sl Ll e ieS e ls
CaeSs alad U ot Jlesl lasl ol 5o a L5 OLSS
ol by o O 4 SA L S e Sl L S e fee
sl SosenS 05w om0 aY gla)slel 0as
(=) ISK3) 555 0 4S5 slasias

laodias Jlasl S o angd la Jl 3icS 0 aes bl
e Sl e S e IS S R LB (2
Jlasl (Bl g5 ol 53 dias o JUBI ) 58 Jie
S VP I NU N - JPCIUK W [ Ve S SR PN TV
(o =) KDL 55 o S e 2 Y (sla ke
o sbaaY S 5 glaekas Jlail S1iCS a0 B
Jol8 Jl oo b b S o e SouS 4 | prhee
- el Y e s See sl a1 Gy

(g VJS2) &S Jos oS o0 b g 40 Sl 252

doddo —
S &Y A Y 5l bses amsbile glaesle jlla
Sloly 3w i spde JSET Gl Y 5 ()
2 L ba¥ Ll & b Glojliil 4 Ll LY s see
L oojle JS et ghe 5 oazil oK el b dsb
L3l B o5l 4 Ll s anes o plsal iled
S KA 4 Y il e o 3 U
BISERY @},L;L,, Coolt S ul e s sl adl
LS e Jes e G, LS Ll Y o) e
oY Gl adlas 3y g asle iy amoadkle ls Ll
auw&,ﬁ&w}r}m@:{@b&}@u)}
Sobes Jolsd b o sla sdias Jlasl by & &S
- BL s oVl fols 5 e Lleds et UG @
sl il lilge 4 alain on amsble sl
SVl g5 s Bl Wl s dlesl 5k woshas S e
s S o Shas s 4 el o S 25

ool (See atle iy on 2wl LSS el

S o Sals (i S i S (e
/ Y,
m /l ‘ /’/
. Top Layer , /
I / 7
i [ ;/ /,/
\ / ‘/'i /
‘ \! 1% / | //
| Light Weight Concrete / £ : ot | of
| O < ~ ’/ / |/
‘ (Core) / 7 /1
| - /] -
| /| /| V
- Bottom Layer / | / ;
/ 7
: / |

a: Fully -composite

b: Semi -composite C: non-composite

Fig. 1. Strain distribution in the sandwich panel under flexural load
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2- foam core
3- Fiber-Reinforced Polymer( FRP)
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Fig. 2. A cross section of sandwich panel with truss-shaped shear connector
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Panel.no Bottom Middle Layer Top Layer shear connector L b d
Layer or (Core) (mm)  (mm) (mm)
Py ordinary lightweight ordinary truss-shaped 2600 700 180
concrete concrete concrete rebar
P, lightweight lightweight ordinary truss-shaped 2600 700 180
concrete concrete concrete rebar

Table.1. Details and design properties of the precast concrete sandwich panels
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Fig. 3. Details of the one-way precast concrete sandwich panels design (all dimensions in mm).
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Type of concrete Tensile strength Compressive strength Density
(Mpa) (Mpa) (kg/m3)
Ordinary concrete 4.7 36.7 2303
Table. 2. Mechanical specifications of top layer concrete
Sl oY s Lo SO Slaseie ¥ Jyd
Diameter of rebar yield tension(f,) rupture tension (f,) Density
(mm) (Mpa) (Mpa) (kg/m3)
6 378 558 7990
ov
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Table. 3. Mechanical specifications of top layer rebar
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Type of concrete Tensile strength Compressive strength Density
(Mpa) (Mpa) (kg/m3)
Lightweight concrete 3.9 18.2 1748

Table. 4. Mechanical specifications of middle layer concrete (core)
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Diameter of rebar  Yield tension(f,) Rupture tension (f,) Density
(mm) (Mpa) (Mpa) (kg/m3)
10 420 625 7436

Table. 5. Mechanical specifications of bottom layer rebar
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Fig. 4. Details of the flexural test setup of sandwich panels (all dimensions in mm).
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Panel no. Pe, KN Py, KN Pu — Pcr
Pu
P 63 39.7
P, 59 39

Table.6. First cracks and ultimate load capacity for sandwich panels
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Fig. 6. Cracking patterns at the bottom concrete wythe for panel P,
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Fig. 9. 3D model sandwich panel, boundary conditions and flexural loading
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Table 7. Maximum difference of Load-deflection profile of ExP and FEM
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Fig. 10. Load-deflection profile of mid-span for panel P,
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Table. 11. Comparison cracking patterns between results of experimental and numerical models for panel P1
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Abstract
Construction of buildings using non-industrial traditional systems have lots of shortcoming in both quality and quantity.

During recent years considerable needs to increase the efficiency in building sector has indicated the fact that using old
building construction systems is not responsive to community needs and using superior technology in this field is quite
inevitable. Constructing building systems with potential, for industrial and prefabricated production, can meet the
quantitative and qualitative needs of the construction industry.

In this paper, the structural behavior of precast concrete sandwich panels (PCSPs) to feasibility of their usage as slab
elements in the construction industry is experimental (EXP) and numerical analyses studied. These panels consist of
three layers: 1) a regular reinforced concrete layer as the upper face, 2) a thick lightweight concrete (LC) layer as the
core, and 3) a normal concrete and tension-resistant reinforced lightweight concrete layer as the bottom face. These
layers are joined via a rebar network with truss-shaped shear connectors. The structural behavior of precast concrete
sandwich panels under flexure is studied. For this purpose, First, laboratory samples were made and tested for bending.
Subsequently, a finite element analysis (FEA)was performed on a sandwich panel model with the specifications and
mechanical properties similar to the EXP model in the ABAQUS software. Comparing the results of the experimental
and numerical studies revealed a good level of accuracy. The effect and orientation of the shear connectors in one or two
directions were also investigated. The results of experimental and numerical investigation, show a logical behaviour of
load-deflection curves According to the results, the PCSPs with two concrete layers had a smaller stiffness and load
capacity than those with three concrete layers, When the prefabricated sandwich panels behave as one-way slabs, placing
shear connectors parallel to the x-axis (larger dimension) is sufficient to bond two concrete layers for them to act as a
single unit, , and the ultimate strength and the composite action of desired were found to depend to a large extent upon
the stiffness of the shear connector used. This sandwich panel system can constitute an effective step toward lightening
regarding its high bearing capacity and ductility, industrial manufacturing capability, prefabricated nature, multi-layer
nature, high quality, lightweight, high construction speed, and reduced costs. Hence, the precast concrete sandwich
panels slabs with high-strength faces and LC cores can be a suitable replacement for regular slab systems in buildings
Based on the economic and weight comparisons under the code dead and live loads, the proposed prefabricated sandwich
composite slab system is approximately 20 percent lighter than the regular slab. Due to possibility of industrial
production of precast sandwich panels under standard conditions and simplicity of construction, the introduced novel
panels system can be a viable alternative for common floor systems. Besides, the novel system can save amount of
material, labor, time, and cost in building construction. This research aims to investigate the composite performance and
influential parameters in bearing capacity and improve and develop hybrid concrete sandwich panels for structural
purposes to lighten and industrialize construction, a topic of interest in structural engineering.

Keywords: Experimental (EXP), Model element analysis (FEM), lightweight concrete (LC), precast concrete sandwich
panels (PCSPs), Shear connectors
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