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Abstract. When designing buildings and structures for various 
purposes, the specialists should find new decisions for the 
possibility of using structures made using the long-line 
formwork-free technology, including hollow-core floor slabs, 
namely: installation without free lengths of reinforcement, lifting 
without the tie-down loops, joint units with other structure 
elements, configuration of sections with new geometrical 
parameters. As the hollow-core slabs of formwork-free shaping 
are produced without tie-down loops, the problems of installation 
and transportation of these slabs are discussed. Examples of 
tie-down nodes installation in the slabs produced by the 
formwork-free shaping technology were considered in the paper, 
with the justification of the complexity of their installation in such 
slabs and the increased metal consumption. The aim is to reduce 
the laboriousness of rigging work and to provide a gripping device 
for a hollow-core slab of formwork-free shaping when removing it 
from a long-line pallet, storing, loading and installing this slab 
during the construction process. A constructive-technological 
decision was proposed for a tie-down node installed in the slab 
body without the use of a tie-down loop and having only an anchor 
rod-dowel through which the tie-down of a slab could be directly 
done without the use of traditional tie-down loops. The node was 
designed with reduced metal consumption and does not change 
the technology of manufacturing hollow-core slabs of 
formwork-free shaping. The theoretical basis for calculating the 
bearing capacity of the proposed tie-down node, installed in a 
hollow-core slab of formwork-free shaping was determined and 
summarized.  It was revealed that the bearing capacity of the 
proposed tie-down node installed in the body of a hollow-core slab, 
under the action of lifting loads, depends on the splitting force of 
concrete protective layer located above the anchor rod-dowel of 
this node (all things being equal). The theoretical data of the study 
were validated by full-scale tests of slabs with tie-down nodes 
installed in their body, carried out in accordance with the 
proposed structural-technological development. The operational 
suitability of the proposed tie-down nodes with an anchor 
rod-dowel for the hollow-core slabs of formwork-free shaping and 
the possibility of their implementation at other enterprises of the 
country having production lines for long-line formwork-free 
shaping were stated.  
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A tie-down node with an anchor rod-dowel, proposed to be 
installed in a hollow-core slab of formwork-free shaping, can be 
used in other reinforced concrete structures produced by the 
technology of long-line formwork-free shaping. A patent for a 
utility model has been received for the development of a loop-free 
tie-down node for a hollow-core slab of formwork-free shaping. 
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Formwork-free shaping; Rod-dowel; Load-bearing capacity; 
Tests. 

I. INTRODUCTION 

 The conversion of plants manufacturing precast concrete 

slabs in the Republic of Uzbekistan to the production of 
prestressed hollow-core slabs using formwork-free shaping 
technology allows increasing their output, improving the 
quality up to the European level compared to the morally and 
physically obsolete aggregate-flow technology [1, 2]. The 
formwork-free technology for the manufacture of reinforced 
concrete structures has evident technological advantages. 
Their widespread implementation depends on the country's 
research and design organizations. A feature of prefabricated 
hollow-core floor slabs of formwork-free shaping is their 
reinforcement by high-strength prestressed reinforcement 
without connecting devices (with adjacent building structures 
in the floor slabs) and tie-down units. In this regard, some of 
the problems for the implementation of such slabs in 
construction in seismic regions of our country have been 
solved [3, 4, 5]. The technology of formwork-free shaping of 
hollow-core slabs does not include the installation of 
tie-down loops in the slab, since it is not possible to install 
these loops on the long-lines before concrete is supplied, 
since the concrete spreader moving along the long-line not 
only feeds concrete, but also forms the voids and the upper 
flange of the slab. The disadvantage of hollow-core slabs of 
formwork-free shaping is the absence of tie-down loops, 
which leads to the problems when lifting and installing these 
slabs, reduces the construction work safety. During 
installation and lifting of such slabs without tie-down loops, 
special load-gripping devices are used. The use of such 
devices in construction presents certain difficulties, since it 
requires the creation of a fleet of lifting devices and the 
workshops for their maintenance [6]. In the construction 
trusts and firms of the country there are no such devices. 
Loop-free tie-down with the use of load-gripping devices, 
significantly saves steel consumption, and allows solving 
many issues in design and use of lifting loops in the slab [7].  
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However, the competitiveness of load-gripping devices 
when installing hollow-core slabs of formwork-free shaping 
is low, since the fastening with a hook and loop is a universal 
and simple operation in technological process.  

In this regard, during the transition of precast concrete 
production enterprises to the technology of long-line 
formwork-free shaping, it became necessary to develop the 
tie-down nodes in the slab body considering their 
manufacture using this technology. In [6, node B fig. 2; 8, fig. 
3], a tie-down node for a hollow-core slab of formwork-free 
shaping with crosswise loops was proposed. Its design 
presents two reinforcing bars intersecting at an angle of 90 
located at the mid-height of the floor slab cross-section. The 
rods of the crosswise loops are inserted into the entire length 
of freshly formed body of the long-line concrete block 
through its side face (the configuration of the block section is 
a hollow-core slab section). At the rods intersection on the 
upper flange of the slab (above the void), a groove is formed 
through which the rods are gripped by the hook of the harness 
tie-down (Fig. 1). 

 

Fig. 1. Installation of crosswise loops in a hollow-core 
slab of formwork-free shaping [6 node B fig. 2; 8, fig. 3]: 1 
- crosswise loops of reinforcing bars; 2 - a groove in the 

upper flange of the slab through which the crosswise rods 
are gripped at their intersection point (in the void) by the 

hook of the harness tie-down 

A tie-down node in a slab with crosswise loops was 
proposed in the patent for invention [9]. The difference of 
this tie-down node from the one given in [8] is in the 
technology of the tie-down node installation in a slab. Design 
solution of the tie-down node in the prefabricated slab of 
formwork-free shaping was presented in [10 - Fig. 3)]. A 
groove was formed on the upper flange (by concrete collapse 
above the void of this flange), through which a loop grip 
made from the bent reinforcing rod was placed in the void. 
The partitioned off area of the void, representing the future 
body of the tie-down node, was filled through the groove  
with concrete mix, so that the loop could be gripped with a 
tie-down hook (Fig. 2). The tie-down nodes installation [8, 9, 
10] is a complicated process, and these nodes have increased 
metal consumption and manufacture difficulties. 

 
Fig. 2. Tie-down node with a loop for the tie-down, 

installed in the slab void – a proposal [10, fig. 3] 

A tie-down node in a slab of formwork-free shaping was 
proposed in [11; fig. 2]; it contains at least one anchor and a 
lifting loop installed along mutually intersecting planes (Fig. 
3). There, the closed lifting loop proposed in [12] was used. It 
is a modification of traditional lifting loops recommended by 
the Technical Specifications TP94-2003 "Tie-down loops of 
prefabricated concrete and reinforced concrete structures, 
design, calculation and testing." NIIZHB. Moscow. 2003. 
The lifting loop and the part of the anchor are concretized in 
the slab with secondary filling concrete, and the rest of the 
anchor is placed in the slab body (primary filling concrete). 
In this decision, a tie-down node consisting of an anchor and 
a lifting (tie-down) loop is complicated, which increases the 
slab metal consumption. The test results for construction 
loads on the slabs with tie-down nodes installation were not 
presented. 

 

Fig. 3. Tie-down node proposed in [11, fig. 2]: 1 - an 
anchor connecting the primary-filling concrete (slab 

concrete) and the secondary-filling concrete (concrete for 
filling the void on the tie-down node); 2 - closed lifting 
loop; 3 - primary filling concrete; 4 – secondary filling 

concrete 

A tie-down node where the anchor part of the lifting loop is 
installed in the void of the slab end section (Fig. 4) was 
considered in [13; fig. 4]. 
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Fig. 4. Structure of a node with a tie-down loop in a 
hollow-core slab of formwork-free shaping, proposed in 
[13; fig. 4]: 1 – a void; 2 - tie-down loop with one-sided 

anchors; 3 - monolithic concrete; 4 - plug insert 
(polystyrene) 

Analyzing the tests results of construction loads on 
hollow-core floor slabs using such loops at the slab ends, the 
authors of [13] in the conclusions noted that additional 
studies on the work conducted would be carried out.  

The aim of the work is to simplify the tie-down (the 
gripping) of a hollow-core slab of a formwork-free shaping 
when removing a slab from the long-line pallet for storage, 
transporting it to the construction site, installing the floor slab 
into the building under construction. To do this, it is 
necessary to install a tie-down node in the slab that has a 
simplified arrangement, low metal- and labor-consumption, 
high reliability and does not prevent the technological 
process of slab manufacturing. 
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II. METHODOLOGY 

II.1. Methods for determining the strength of the slab 
tie-down node and its interpretation 

To strap a hollow-core slab of formwork-free shaping, a 
loop-free tie-down node with one anchor was offered; it is a 

smooth rod 350 mm long, made of A240 class hot-rolled 
reinforcement, through which it is possible to directly strap 
the slab without using traditional tie-down loops (Fig. 5).
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Fig. 5. Loop-free tie-down node installation in the body of a hollow-core slab of formwork-free shaping 

 
 

The pointed end of anchor 1 is inserted to the entire length 
into the freshly formed body of the concrete block 2 on the 
long-line through its side face, intersecting three ribs and 
three voids (fig. 5, a). Anchor 1 insertion into the freshly 
shaped concrete block 2 does not complicate and interfere 
with the technological process of slab manufacturing. The 
grooves are formed on the section of anchor 1 insertion into 
concrete block 2 (on the upper flange), they are associated 
with the formwork-free shaping technology: 3 - above the 
end void, 4 - above the first intermediate void, 5 - above the 
second intermediate void (fig. 5, b). 

Parts of anchor 1 located in the end and second 
intermediate voids are embedded in concrete of class B30 
through grooves 3 and 5 (figs. 5, c and d). Prior to concreting 
the free lengths of anchor 1 in the voids, polystyrene plugs 7 
are installed to prevent concrete mix spreading in the voids 
(fig. 5, c). Through the groove 4, the slab strapping is carried 
out by hook 8 of the load harness through the middle part of 
anchor 1 located in the first intermediate void (fig. 5, d). 

The design scheme of the rod-anchor embedded in the slab 
concrete body can conditionally be represented in the form of 
a rod-dowel, which is under the impact of transverse force 
caused by construction loads (fig. 6). 
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Fig. 6. Design scheme of rod-anchor operation of the 
proposed tie-down node in a hollow-core slab of 

formwork-free shaping 
 

In connection with the design scheme, the authors in [14] 
argued that there are two types of exhaustion of the dowel 
lateral resistance: 
• the first type is the reaching of steel yield strength of the 

rod-dowel  and crushing of concrete above it; 
• the second type is the concrete cracking over the rod-dowel  

in its length section (in tie-down node section). 
Further, the authors mentioned the following dependence 

cited in [15], [14, formula 4; 6] to determine the load-bearing 
capacity of a rod-dowel corresponding to the node failure 
under simultaneous concrete crushing and reaching the yield 
strength of steel rod [15], stating that this formula 
satisfactorily describes the load-bearing capacity of the 
dowel in the first form of exhaustion of the dowel lateral 
resistance. 

       
 
                                             

    is the bearing capacity of the rod-dowel; 
    is the diameter of the rod; 
    – is the compressive resistance of concrete; 
    is the yield strength of the rod-dowel steel. 
Preliminary calculations conducted according to formula 

(1) given in [15] showed the inapplicability of this formula 
for determining the bearing capacity of a tie-down node with 
an anchor rod-dowel  installed in a slab due to the low height 
of the slab. This formula applies to the case when the anchor 
rod-dowel is installed in a structure with a powerful concrete 
block, which causes the destruction of the tie-down node as a 
result of reaching the yield strength of steel and crushing of 
concrete above the dowel. As experiments [16] showed, for 
          (where   is the thickness of the concrete 
protective layer), the exhaustion of the dowel lateral 
resistance comes from the yield strength of steel of the 
rod-dowel and crushing of 
concrete. 
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 The authors in [14] noted that the thickness of concrete 
protective layer “c” is the key parameter on which the second 
type of exhaustion of the dowel lateral resistance depends - 
on crushing of concrete. 

In [17], to determine the load-bearing capacity of the 
rod-dowel, which depends on the crushing force of concrete 
protective layer, a formula (given below) was proposed for 
the lengths of anchoring into concrete of the rod-dowel equal 
to 200 ... 400 mm. 

                 
 

        

                           

where 5 is an empirical coefficient; 
    – is the normative tensile strength of concrete; 
   100 mm is the concrete protective layer (see Fig. 6); 
   is the diameter of the rod-dowel. 

II.2. Methods for assessing the bearing capacity of a 
tie-down node of a slab under testing 

The load-bearing capacity of a tie-down node in the slab 
was determined in accordance with Technical Specifications 
TP94-2003 "Tie-down loops of prefabricated concrete and 
reinforced concrete structures, design, calculation and 
testing." NIIZHB. Moscow. 2003.  The force acting on the 
tie-down node should meet the condition 

                                                    
where   is the force of construction loads acting on the 

anchor rod-dowel of the tie-down node; 
            is the limit force perceived by the anchor 

rod-dowel  (the resistance of the anchor rod corresponding to 
the concrete protective layer splitting (see formula (2)); 

Force N was determined by the formula 
                                              

where   is the force of the proper  weight of the product; 
    is the dynamic coefficient under lifting and 

installation, assumed to be 1.4; 
     is the coefficient accounting for the increase in force 

acting on the anchor rod-dowel when the load harness 
deviates from the vertical line at angle α from         , 
assumed to be equal to: 1,0 – at       1,4 – at      . At 
intermediate values of angle α, the values of     are taken in 
linear interpolation (the deviation of load harness from the 
vertical line by angle α more than     is not allowed). 

     is the coefficient accounting for the product suction 
(adhesion) to the long-line pallet at the first lifting of the 
product; 

    is the load safety factor. 
In tests on the bearing capacity of the tie-down node of the 

slab, the control load       is taken equal to force N. The 
value of control load       includes the load from the proper 
weight of the product (a slab) per one tie-down node. 

The tests on the loop-free tie-down nodes consisted in slab 
lifting by gripping hooks of anchor rods of these nodes. The 
slab was additionally loaded in such a way as to ensure the 
force in anchor rods of tie-down nodes equal to the required 
control load in bearing capacity. The slab with additional 
load, gripped by the anchor rods of all four tie-down nodes, 
was lifted 6 times until it was completely separated from all 
support points. Each time the slab was lifted, the dwelling 
lasted for 10 minutes, and then it was gradually lowered until 
the load harness relaxed. With each dwelling of the slab 

under the load, the locations of tie-down nodes were 
inspected. 

With preliminary calculations according to the methods 
given in subsections II.1 and II.2, the diameters of reinforcing 
rod-dowels in the tie-down nodes (Fig. 5) of slabs were taken 
as: ∅20А240 - for slabs of a length up to 6.0 m; ∅22A240 - 
for slabs of a length from 6.0 to 7.2 m. 

The tests of the loop-free tie-down nodes under lifting 
loads were conducted on two slabs: the first one of 5.9 m long 
under unified load of 800 kgf/m2; the second one of 7.2 m 
long under load of 600 kgf/m2. 

Concrete strength of tested slabs and tie-down nodes 
sealing were determined on the day of testing with a Silver 
Schmidt sclerometer of the PCN type (the shock-pulse 
method) and with the ONIX-OS device with an electronic 
unit (to determine the strength and grade of concrete by shear 
test method). 

III. RESULTS AND DISCUSSION 

The results of tests on bearing capacity of tie-down nodes 
arranged in hollow-core floor slabs of formwork-free shaping 
are given in the table. No cracks were observed in tests in the 
tie-down nodes and no strains in the anchor rods-dowels of 
these nodes. After testing the tie-down nodes on lifting loads, 
the slabs were tested for control operational loads. These 
slabs have passed the load bearing tests. 

Based on the research results, the following conclusions 
were made. 

1. The proposed tie-down nodes installed in hollow-core 
slabs of formwork-free shaping (Fig. 5) passed the control 
tests for lifting loads; no damage was observed in these 
nodes.  

Table. Tests results of tie-down nodes of a slab 
Slab 
length, 
m 

Concrete 
strength 
of a slab, 
MPa 

Concrete 
strength of 
tie-down 
node 
embedding, 
MPa 

Proper 
weight 
of a 
slab, 
kN 

Total load 
bearing 
capacity of 
all four 
tie-down 
nodes 
(4∙D_cr 

)-according 
to formula 
(2), kN 

Control 
load 
      
on a 
slab 
(under 
its 
proper 
weight), 
kN 

5.9 28.8 24.7 20.
46 

72.08 53.1
4 

7.2 31.2 27.3 24.
92 

77.48 58.7
3 

2. Formula (2) given in [17] can be used in calculating the 
bearing capacity of tie-down nodes installed in hollow-core 
slabs of formwork-free shaping, the constructive decisions of 
which are similar to the decisions of the proposed tie-down 
node. 3. Since the bearing capacity of a tie-down node 
depends on the anchor rod-dowel location along the section 
height of the hollow-core slab of formwork-free shaping, that 
is, on the thickness of concrete protective layer “c” (see 

formula (2)), it is recommended to install the anchor 
rod-dowel in the tie-down node as low as possible from the 
top flange of the slab, so  there would be a possibility to grip 
it with the hook of the load harness. 
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IV. CONCLUSION 

1. According to the results of design-technological 
developments of a loop-free tie-down node with an anchor 
rod-dowel (Fig. 5) for hollow-core floor slabs produced 
using the technology of long-line formwork-free shaping 
and the pilot testing at the enterprises of the JV 
"BINOKOR TEMIR-BETON SERVIS" "GEO-BETON 
TRUST» the operational suitability and the possibility of 
implementation of the product at country enterprises of 
similar production were established. 

2. The loop-free tie-down node with an anchor rod-dowel, 
proposed to be installed in a hollow-core slab of 
formwork-free shaping, can be used in other reinforced 
concrete structures produced by the technology of 
long-line formwork-free shaping. 

3. A utility model patent was obtained for the proposed 
design-technological development of a tie-down node with 
an anchor rod-dowel for a hollow-core slab of 
formwork-free shaping [18]. 
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