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ABSTRACT

Geopolymer concrete (GPC) has been used increasingly in recent years and has been applied to various structural
components. Considerable interest has been developed in using geopolymer in concrete to increase the load
carrying capacity of the structural members in service. It has been used recently to increase the flexural capacity of
concrete slabs by applying overlay layer of GPC onto an existing slab, a technique known as cement base bonded
overlay. The objective of this research is the investigation of the flexural behavior of substrate cement reinforced
concrete (RC) slabs with a GPC overlay. Seven RC slabs with 300 x 1700 x 100 mm, 33 MPa compressive
strength after 28 days and reinforced with steel with a diameter of 8 mm. Because the performance of these
composite slabs depends on the bonding between the substrate and overlay concrete, six different techniques were
used for preparing the RC substrate surfaces including, (as smooth as cast (AS), carving 2mm width and 1 mm
deep (Carv), dowels 8 mm Z section (DZ), painting with epoxy resin on the surface (ER), surface roughened by a
stiff brush in both the transverse and longitudinal directions (T&L) D and surface roughened in the transverse
directions by a stiff brush (TD). The evaluated properties were load deflection relationship, strain distribution
curves and the interface slip.

Based on the experimental tests, ductile performance of slab depends not only on adding GPC to the topping but
mainly on the type of interface roughness. Moreover, the ductility ratio may be arranged in desponding order as
(TD), (T&L) D, (ER), (Carv), (DZ) and (AS). The biggest slip happened for slab control at 0.25mm, signifying
poor bonding strength at the interface. Slab (L&T) D, with zero mm of slippage, showed the best interface slip.

Keywords: Geopolymer concrete, Cement concrete, Substrate surface preparation, strain distribution,
Interface slip.

1. INTRODUCTION

Environmentally stressful repair materials with
reduced carbon CO, footprint have been in great
demand by the construction industry worldwide.

concrete has usually no useful influence on overlay
bond strength. A lot of cases, the use of substrate
surfaces prepared to what is generally measured the

Geopolymer binders are preferred because the CO, optimum moisture condition resulted in considerably
footprint generated by concretes comprising lower bond strength, compared with non-
geopolymer binders and 100% OPC concrete were preconditioned substratesn [3].

compared. The CO, footprint of geopolymer concrete
is approximately 9% less than comparable concrete
containing 100% OPC binder [1]. The effect of
surface preparation on the bond between repair
materials and concrete substrate was studied. It was
found that the bond strength of repair materials can
be considerably increased with surface roughening
[2].

The influence of concrete substrate preparation
overlay bond strength was studied. This study
recognized that a saturated, surface-dry substrate

The effect of sodium hydroxide and sodium silicate
solutions on bond shear bond strength of flyash -
granulated blast furnace slag geopolymer was
studied. It is originated that the bond strength of
geopolymer concrete depends on the type of alkaline
activator solution and compressive strength of
geopolymer concrete. It is also showed that the
reaction product of geopolymer depends on source of
material and alkali activator solution [4].

The bond strength of geopolymers at ambient and
elevated temperatures showed that geopolymers
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show lower bond strength than that of epoxy resin at
room temperature, however geopolymers keep much
higher bond strength in 100— 300 0C. Adding of
small amount of short carbon fibers in metakaolin or
flyash will not advance the bond strength of
geopolymers at ambient temperature, but really
advance bond strength at 100-300 °C through crack
control mechanism [5].

The bond strength of reinforcing steel embedded in
flyash based geopolymer concrete was studied. Pull
out test was used to determine the bond strength of
geopolymer concrete and OPC concrete with

2. Experimental Program

The objective of this paper was to investigate the
effect of different types of roughness on bond
strength between substrate RC and GPC overlay
using local materials. GPC mix cast with molarities
16M, sand (S) to coarse aggregate (CA) ratio (1:1.65)
and sodium silicate (NS) to sodium hydroxide (NH)
ratio (2.5:1). The substrate surface prepared with
different techniques such as smooth as cast, carving
2mm width and 1mm deep, dowels 8 mm Z section,
painting with epoxy resin on the surface, surface
roughened in both the longitudinal and transverse
directions by a stiff brush and surface roughened in
the transverse directions by a stiff brush.

2.1 Materials specification

The materials that are used in the study are:
1-Cement- Portland cement (C) CEM | 425N was
used for the production of cement concrete. The
cement met the requirements of (EN 196-1:2016) [7]
and ES 4756-1 [8] with fineness 3500 cm?/g.

2-Fly ash-Class F (ASTM C 618-08a) (FA) was used
for the production of GPC specimens, Table (1) gives
the chemical composition of the cement and the class
F fly ash were determined by X-Ray Fluorescence
(XRF) analysis.

3- Fine aggregates- Medium well-graded sand of
specific gravity of 2.6 was used for all specimens and
satisfied the requirements of ECP 203-2007[9] and
ASTM C33/C33M - 18[10].

4- Coarse aggregates- Crushed lime stone with
maximum particle size of 10mm and specific gravity
of 2.55 was used as coarse aggregate (CA) for all
specimens and was complied with the limits of ECP
203-2007 [9].

5-Solution- The alkaline activator was a mixture of
chemical grade NH flakes with 98-99% purity
solution and NS (14.7% Na20, 29.4% SiO2 and
55.9% water by mass).

6-Water- Tap water was used in all concrete
specimens and in the curing of specimens which
satisfies the requirements of ECP 203-2007 [9].

7- Steel- Mild steel (St. A) of diameters 8 mm were
used as the reinforcement in short and long direction
of slab. The properties of the used reinforcements are
tabulated in Table 2.

reinforcing steel. Geopolymer concrete and OPC
concrete shows similar cracking pattern under pull
out test. Study also found that bond strength of
geopolymer concrete was higher than that of OPC
concrete [6].

The aim of this research is to evaluate the flexural
performance of substrate concrete slab with
geopolymer concrete topping related to different
roughnesses of the substrate surface. To examine the
composite behavior of the specimens, interface slip
was also measured throughout the experiments.

Table (1): Chemical analysis of the used Portland
cement and fly ash

Oxide Portland Fly ash

cement Limits
(ASTM
C618)
class F

Silicon dioxide 20 60.28 --
(SiOy) (%) by
mass

Aluminum 5.20 28.59 --
oxide (Al,O3)
(%) by mass

Ferric oxide 3.10 499 -
(Fe203) (%) by
mass

Total SiO,. 28.3 93.86
Al,O3+Fe,0;
(%) by mass

70 min

Calcium oxide 63 1.19
(CaO) (%) by
mass

5.0 max

Phosphorus pent - 0.52 Not
oxide (P,0s) specified
(%) by mass

Sulphur trioxide 3.01 0.06
(SO;) (%) by
mass

5.0 max

Potassium oxide 0.15 1.09 Not
(K20) (%) by specified
mass

Titanium - 242 Not
dioxide (TiO,) specified
(%) by mass

Sodium oxide 0.44 0.01
(Na0) (%) by
mass

1.50 max

Magnesium - 0.27 Not
oxide (MgO) specified
(%) by mass

Loss onlgnition 5.10 0.58
(LOI) (%) by
mass

6.0 max
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Table 2: Mechanical properties of the steel
reinforcement of slabs according to tests

Steel | Diameter | Yield Tensile Elastic

type (mm) stress | strength | modulus
(MPa) (MPa) (GPa)

St. A 8 290 400 202

2.2 Test specimen

A total of seven specimens, including a control
specimen NC/RC (substrate RC with NC overlay)
and six GPC/RC (substrate RC with GPC overlay)
were cast for this study. The dimensions of substrate
layer were 300 mm in width, 1700 mm in length and
50 mm in thickness. Figure 1 shown the details of
slab specimens, the substrate slab is lightly
reinforced an 8 mm. To cast the overlay, a formwork
300 mm in width, 1500 mm in length and 50 mm in
thickness.

2.3 Specimen preparation, casting and curing

The proportions of GPC and NC mixes are
tabulated in Table 3. Absolute volume design
method was used to design these concrete mixes. NC
was mixed in a classical procedure where crushed
lime stone and sand were mixed first for 2 minutes
then cement was added and the dry components were
mixed for about 3 minutes to obtain a homogeneous
dry mix, then water was added during the mixing
process which continued for another 3 minutes or
until obtaining a homogeneous mixture. The NC
specimens were casted and the substrate concrete
surfaces were roughened by different techniques
shown in Table 4 and Figure 1. Substrate
specimens left at ambient conditions (25+2 °C,
55% RH) for 7 days up to casting GPC overlay.
Before casting the overlay, the surface of
substrate was cleaned of any dust and pre-wet
for better bonding between the overlay and

substrate member.

For GPC the NH solution was prepared one day
before mixing process. Alkaline solution was
prepared by mixing the NH and NS solutions
together and was left in room temperature to cool
down prior to mixing with the solids. For this study,
the fly ash, coarse and fine aggregates, were first
mixed in a dry state in the laboratory mixer for about
three minutes. At the end of this mixing, the solution
was added into the dry mixture. The mixing
continued for another four minutes. Then specimens
were lifted in the outdoor condition (25+2 °C,

55% RH) for 3 months up to the testing.

The characteristics of the specimens and concrete
properties for both the substrate and overlay concrete
slab after 28 days were measured. These properties
are based on an average of three cubes with
dimensions of 100 mm x 100 mm x 100 mm for
measuring compressive strength and bulk density,
three cylinders with dimensions of 200 mm in height
and 100 mm in diameter for measuring splitting
tensile strength, and three prisms with dimensions of
500 mm x 100 mm x 100 mm for measuring flexural
strength.

Table 3: Proportions of concrete mixes

Type | Mix | M | NS/ | Sol/ | S/ cA/ | W/
ID NH | FA | Agg | Agg | ©
NC NC - - -- | -- 1033|067 ]05
GPC | 16M | 16M | 25 | 055 | 0.38 | 0.62 | - -
Mixes proportions kg/m3
C FA S CA | NS |NH | W
NC 350 -- | 600 | 1200 | -- | -- | 175
GPC - - 400 | 665 | 1086 | 157 | 63 -

M=Muolarity, NS=Sodium silicate, NH=Sodium
hydroxide, Sol=Solution, FA= Fly ash, S/Agg =Sand
to aggregate ratio, CA/Agg =Crushed lime stone
aggregate to aggregate ratio, W=Water, C=Cement
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Fia. 1 Substrate specimens with different surface nrenarations

Table 4: Different preparation techniques for
substrate concrete surfaces

Slab Slab ID* Techniques
No
1 ER Painting with epoxy resin on
the surface
2 DZ Dowels 8 mm Z section
3 Carv Carving width 2mm with
deep Imm
4 TD Surface prepared with
steel brush in the
transverse direction
5 (T&L) D Surface prepared with steel
brush in both the longitudinal
and transverse directions
6 AS Smooth as cast
7 Control Smooth as cast

*Specimens GPC/RC for slabs No (1:6) and NC/RC
for slab No (7)

Testing setup

All slabs were tested after 3 months using

a Universal Testing Machine of 300 kN capacity.
The specimens were simply supported and subjected
to a pair of point loads at a distance of 50 cm from
both ends. One (LVDT) was placed at Figure 2 the
end of the substrate slab and overlay to measure the
interface slip. In addition, two dial gauges were fixed
under the specimens in line with the mid span and the
applied loads to evaluate the deflection of the
specimens. To determine strain, two horizontal
LVDTs and two strain gauges were established the
specimens at different depths. The overall test layout
is illustrated in Fig. 3. The load applied improved at
each step and sustained until failure. The failure load
was definite as a load that caused the specimen to fail
in flexure or that caused failure at the interface
between the substrate and overlay. Mid span
deflections, strain values and interface slips were
recorded for every load increment and will be
discussed in the next part.
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50.0 50.0
ii

- 1000

Fig. 3 Test layout

The ability of a member to deform without a large
loss of its strength is known as ductility. One method
of quantifying ductility is by the ductility factor (i.e.,
the displacement ductility index), which is defined by
the ratio of the ultimate deflection to the deflection at
yielding of the reinforcement [11].

Strain expresses the deformation of the specimen and
can be calculated as modifies of the specimen’s
length divided by the specimen’s original length.
Interface slip at the mid span is measured by using a
strain distribution diagram along the full depth of the
specimens using the following description shown in
Fig. 4. To calculate the interface slip, the gradient of
the bottom is considered as the true strain gradient
and is then applied for the overlay’s strain gradient as
illustrated in Fig. (4) c. The difference between B’
and C shows the interface slip at the center of
interface. The diagram with a lower gradient shows
less interface slip and therefore the best monolithic
behavior [11].

= _-Strain gauges |
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! 2 5000
- 2200 e
. '| .
Dial gauges
15000 1000 —
Apparent strain
gradient
NA )
I T R A Ny TN 'y
C ‘{(nm,fm True strain
isturbanc geadient
+
" t t
D
(@) ) ©
Full bond Interface slip Strain as measured

(theoretical)

Fig. 4 Theoretical strain distribution diagram [11]
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. Results and Discussions

The characteristics of the specimens and concrete
properties for both the substrate and overlay concrete
slab after 28 days are shown on Table 5.

Table 5: Properties of substrate and overlay
concrete slabs
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Load Deflection Relationships

The load versus mid-span deflection curves
for all slab specimens are shown in Fig. 5.
Originally, as the load enlarged, the deflection also
raises linearly up to a certain load (i.e., the yield
load), and after that point, the mid-span deflection
varies non-linearly and achieves a maximum value.
Further than the ultimate load point, the deflection
starts rising substantially as the load increases.
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Fig. 5 Load versus the mid-span deflection

The values for the ductility index (Au/Ay) as a measure of ductility were calculated and presented in Table 6.

Table 6: The test results at first crack, at yield and at failure load for
different tested slabs

Slab ID Pcr, Py. Pu, Au, Amax, i= Failure
kN kN kN mim mim min Al mode
Ay
Control 9 18.75 32.25 6.4 6.95 1.52 Comp.
ER 11.25 18.75 33.75 3.87 5 6.55 1.29 Flexure
DZ 9 22.5 30 5.5 5.9 1.22 Comp.
Carv 17.25 22.5 31.5 6.31 7.35 1.26 Flexure
D 11.25 26.25 32.25 . 4.2 5.49 1.35 Flexure
(T&L) 15 18.75 37.5 4.15 5.49 6.8 1.32 Flexure
D
AS 15 30 32.25 5 0 6.55 1.2 Flexure
Where : Pea: the cracking load. Py: the yield load. Pu: the ultimate load. Ay : the mid
—span deflection at yield load. Ay: the mid—span deflection at the ultimate load. Amas:
the maximum mid—span deflection at failure. i : the displacement ductility ratio

The ductility ratio for the test slabs ranged from 1.2
to 1.52. All the test slabs attained large deflection at
failure. The increase of the yield load and its
corresponding deflection resulted in this reduction
of the ductility ratio, as defined in this
investigation, in comparison to the control slab. As
expected, the other slabs resulted in reduction in
ductility ratio compared to reference control slab,

144

the reductions in ductility ratio were (67.13%) ER,
(71.7%) DZ, ( 69.1%) Carv, (63.2%)TD, (65.1% )
(T&L) D and (73.1%) AS, compared with control
slab, respectively.

Load strain distribution

The load was applied regularly to all of the
specimens, and strain along the mid-span was
measured at various stages of loading. Figs. 6-12

Engineering Research Journal, Menoufia University, Vol. 43, No. 2, April 2020




Mariam F. Ghazy, Metwally A. Abd elaty , Mohamed H. Taman and Nesreen A. Nasr'' Perform..."

show the load versus strain curves of the specimens 35
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3.3 Interface slip

When the compound members are subjected to a
rising load, the primarily deform with the load at a
very low speed. However, after the critical value of
stress is achieved, the specimens endure a big
deformation with fairly little increases in the
practical load. This deformation is sourced by the
slippage of the material along contact surfaces.
Interface slip can be calculated by strain
distribution diagram along the depth of slab. To
estimate the bonding condition, slippage between
the two layers has been calculated at the mid-span
of all specimens. Strain distribution for all
specimens at constant load 22.5 KN shown in
Fig.13.

e CONLO] e ER
~~~~~~~ Dz = =(ay
===eTD - =(L&T)D

ro

00 2000

3000

Fig. 13 Strain distribution for all specimens at
constant load 22.5 kN

Strain distributions at full depth of slab (L&T) D
were calculated with strain gauges and LVDTs and
are shown in Fig.14. The interface slip is zero in the
case of equal strain gradients for both layers; the
gradient changes if any slippage happens.
Although, the interface slip is zero for slab (L&T)
D.

G KN eeese 13.25kN
mm=el5KN = = 18.75KN
= )25KN o 76,25 KN
=+ =30KN

Strain {10e-6)
T T

-390 -600 -400

Lo
Ele)

Fig. 14 Strain distribution for slab (L&T) D

The test results explain that the strain gradient starts
to modify for the substrate and the overlay by
relating only 5.625 kN load. However, the speed of
transforms at this load is very fewer for slab (L&T)
D comparing to the other specimens. These changes
grow to be more evident as the load is increased
towards the ultimate load. The bottom strains are
slightly larger than the top strains, demonstrating
that the substrate slab is under tension while the
overlay is in compression.

Interface slip for all specimens is shown in Fig. 15.
Great slip at the interface is a mark of poor bonding
between the overlay and substrate concretes. The
biggest slip happened for slab control at 0.25mm,
signifying poor bonding strength at the interface.
This result proves that the normal concrete is
estimated to setback overlay debonding. Slab
(L&T) D, with 0 mm of slippage, showed the best
interface slip. Interface slippage was showed at all
of the specimens; however, only slab failed at the
interface was slab DZ.

Control

Load {kN)
I
|
o
Py

g 0.05 0.1 0.15 0.2 0.25 0.3
Interface slip (mm)

Fig. 15 Interface slip at the mid-span
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4. CONCLUSIONS

An experimental investigation to evaluate the
flexural performance of reinforced substrate
concrete slab with geopolymer concrete GPC
topping related to different roughnesses of the
substrate surface such as (painting with epoxy resin
on the surface (ER), dowels 8 mm Z section (DZ),
carving 2mm width and 1 mm deep (Carv), surface
roughened in the transverse directions by a stiff
brush (TD), surface roughened by a stiff brush in
both the transverse and longitudinal directions
(T&L) D and as smooth as cast (AS). To examine
the composite behavior of the specimens, load
deflection, strain distribution and interface slip were
measured throughout the experiments.

Based on the results and the analysis, the following
conclusions could be drawn;
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