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ABSTRACT

The energy-saving and carbon-reducing is an important issue that must be
concerned by all world countries for the global climate warming problems. Concrete is
one of the most commonly used materials in the world. A lot of cement must be used in
concrete production. Based on the concept of environmental protection and resource
reuse, the cement less eco-green ultra-high-performance concrete (UHPC) was
developed in this study. In the early study stage, the cement will be replaced (50%,
62.5%, 75%, 87.5% and 100%) by the ground granulated blast slag (GGBS) to mix
UHPC, and the compressive strength will be tested at 7 and 28-day. Results show that
the compressive strength faster decays in the amount of substitution. Therefore, the alkali
will be used to activate the activity of GGBS to increase the compressive strength. The
distinct contents of alkali and F100 grade GGBS were designed to make cement mortar
50x50x50mm cube specimens. The compressive strength of 14 and 28-day, workability,
temperature of alkali liquid and activity index were tested in this study. The experimental
results show that the compressive strength of 28-day is only slightly low 0.58% as water-
cement ratio (w/c=0.20) and 18.04% as lower w/c=0.25 than ordinary Portland cement
(OPC). It shows that the higher strength performance in the case of low w/c ratio and
higher alkali activated content; conversely, the lower alkali activated has a slightly effect
the strength performance in the trend of higher w/c ratio. Meanwhile, the workability is
worse, average between 130-140mm in lower w/c=0.2 ratio; and the workability becomes
more worse, average between 120-130mm as the alkali content increases. The activity
index is between 74%-99% in w/c=0.20 ratio, between 66%-92% in w/c=0.25. This shows
that the GGBS has better property of activity index at lower w/c ratio.
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1.INTRODUCTION

The research and development of resource recycling industry has always been the
goal of countries around the world at present. The resource recycling of industrial by-
products has been actively developed for energy conservation, carbon reduction and
sustainable management.

Some studies estimate that the world's population will increase reach 8.5 billion by
2030, and 9.7 billion by 2050. Therefore, the development of industries and infrastructure
will be accompanied by the quickly growth of population. Meanwhile, the global cement
manufacturing produces cement approximately 4.1 million tons and concrete about 10
billion cubic meters every year. Produced 1-kilogram cement will produce 0.1~0.2
kilograms of carbon dioxide and consume 1~2 million joules of energy; for steel
manufacturing, it will produce 0.05 kilograms of carbon dioxide and consume 500000
joules of energy (Coffetti 2022).

Concrete is composed of sand, aggregate, cement and water, where, the cement
proportion about 10% to 20%, and is considered the second most consumed substance
only surpassed by water in the world. Some literatures discussed the issue of carbon
dioxide emissions. Between 5 and 7% of the total global anthropogenic CO2 emissions
are due to cement production (International Energy Agency and Cement Sustainability
Initiative, 2018) (Cadavid-Giraldo 2020).

Global resource extraction has more than double since 1970, with the use of non-
metals increasing five times, minerals and fossil fuels increasing by 45%. The non-
recyclable use of resources generates a large amount of waste, including municipal solid
waste, which is specific to waste generated in urban areas and varies according to the
characteristics of different areas (Khajuria 2022), and may Leading to serious
environmental consequences such as marine environmental damage and climate
change (Khajuria 2022).

Therefore, drop emissions of greenhouse gas by reducing cement production and

recycling resources are the urgent to be actively promoted goals.
Rapid economic and social progress around the world due to the natural resource
extraction since the industrial revolution. The accelerated the rapid depletion of
resources and serious threat to the environment through carbon dioxide emissions
because of the large-scale exploitation and use of resources around the world.

An economist Boulding (1996) proposed a circular production system to sustain an
economy growing. Recently, the “circular economy” model has been proposed into an
ideal solution to approach or even achieve global sustainable economic development.
This model addressed the products and materials are designed and managed
considering minimization, reuse, recovery, and/or recycling. Despite the promising
prospects of the circular economy, it depending highly on the recycled materials within
the cycle of production and consumption, with meeting just only 9% of global material
needs (Li 2022). Hence, waste reduction and reuse are urgently promoted currently.
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The construction of livelihood economy produced industrial by-products for most of
every year waste, such as brick, glass, re-steel, fly ash, silica fume and GGBS, etc.
Therefore, the scholars around world have actively invested in research and
development of green materials. However, it is necessary to find relevant cementitious
material that can replace cement reducing the usage amount. In recent years, alkali
cementitious materials can be as practical applications green material. The invention of
green material can effectively reduce the cement usage amount, lower carbon emissions
and environmental impact (lan,WWang 2020).

However, many studies indicate that GGBS was used as a main cementitious
material for cement reduction. The main function of GGBS is that it has a stable particle
structure due to high temperatures quenching during the steelmaking process. However,
GGBS cannot be used as a cement material which can trigger a hydration reaction with
water molecules. Therefore, it needs to rely on a strong alkaline solution to stimulate the
internal activity of the material to produce calcium silicate hydrate (CSH gel) or calcium
aluminate hydrate (CAH gel) and monosulfide calcium aluminate hydrate (AFt gel), etc.
The above-mentioned compound components will hydrate cementitious and fill the pores,
increasing the strength, water tightness, compactness and durability of concrete
(Gallucci 2013).

The addition of admixtures lead to UHPC has superior performance. Admixtures
can be divided into two categories: mineral and chemical admixtures (Zhang 2022). The
mineral admixtures such as fly ash, GGBS and silica ash, etc. are added in concrete will
improve the workability, density, reduce hydration heat and emissions of greenhouse gas,
etc., and because it contains a large amount of silica, It will consume alkali compounds
in concrete and can reduce the adverse reactions of alkali aggregates. On the other hand,
superplasticizers can be used as chemical admixtures because superplasticizers are
surface active agents that have good dispersion and can improve the workability of
cement materials. Therefore, superplasticizer is an important chemical admixture that
can cause high slurry fluidity of UHPC. When superplasticizers are not used, it has better
fluid behavior in low-alkali cement than higher-alkali cement. The workability gradually
increases by adding more contents of superplasticizer. However, excessive use it will
cause severe bleeding and segregation of concrete, which will delay the setting time for
a longer time.

The workability of concrete material will be one of the important standards that can
be vigorously promoted in general practice engineering. To avoid early hardening during
transportation, or to facilitate pumping and construction, this study will discuss on
retarding effect and improving fluidity of material.

2. EXPERIMENTAL PROGRAM

The replacement of cement with GGBS was designed different water/cement
rations, such as 0.20 and 0.25 in this study. The sodium silicate and sodium hydroxide
were mixed to alkali solution. The alkali excitation contents of 4%, 5%, and 6%, molecular
rations of 0.4, 0.5 and 0.6 were designed in the experimental program. The 5x5x5cm3
cube specimens were performed 7- and 28-day compressive test, respectively. The
results of workability, activity index and solution temperature were discussed for the
reaction mechanism of alkali excitation effect.
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2.1 Materials
1. Cement

Ordinary Portland type | cement was used in this investigation. The chemical
properties of the cement as provided by the manufacturer, are given in Table. 1

2. Ground granulated blast furnace slag (GGBS):

The grade of GGBS is F100 water-quenched blast furnace powder. It has a specific
gravity of 2.89 and a specific surface area of 4250 cm2/g. The activity index is greater
than 95% for 28 days. The chemical proportion of silica, aluminum oxide and calcium
oxide account for 88.72% of the total components. Hydration reactants of cement clinker
will be formed after being activated by alkali, which will have the same characteristics of
hydraulic hardness and setting properties as Portland Cement. The chemical properties
of the GGBS as provided by the manufacturer, are given in Table. 1

Table. 1 Chemical proportion of cement and GGBS (Yuan 1987)

Cement GGBS
Oxide Percent (%) Percent (%)
SiO2 21.04 34.58
Al2O3 5.46 13.69
Fe2O3 2.98 0.44
CaOo 63.56 40.67
MgO 2.52 7.05
SOs3 - 0.56
others 4.44 3.01
total 100 100

3. Silica fume:

Silica fume is an amorphous polymorph of silicon dioxide. It is an ultrafine silica
powder with an average particle diameter of 150 nm, 940U Type. Its material
characteristics: blue-grey color, silica content is greater than 90%, moisture content is
less than 1%, and loss on ignition is less than 3%. In Fig. 1, the composition of GGBS
and cement are very close, and they have both cementation and pozzolan reaction
characteristics. It can be evenly filled between cement particles because its finer than
cement. Hence, the smoothness of concrete surface can be improved.

The fineness of this material is finer than cement, so it can be evenly filled between
hydrated particles, which increasing the generation of CSH gel can improve the
smoothness of the concrete surface, in the meantime, the early and final strength of
concrete can be promoted. Increasing density of concrete, improve separation, bleeding
phenomenon, impermeability and chemical corrosion resistance of concrete, so it is
excellent filler.
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CaOo

Fig. 1 CaO-Al203-SiO- ternary diagram of cement, GGBS and silica fume (Yuan 1987)

4. Silica sand
Silica sand is a hard, wear-resistant, chemical stability of silicate minerals, the main
mineral component is SiO2, Mohs hardness 7, no end management of brittle, conchoidal
fracture, oil sheen, the relative density 2.65, insoluble in acid, Specific gravity: 2.55 ~
2.65, uniformity coefficient: 1.5 or less, silicon dioxide: 99% (Yuan 1987). The quartz
sand of two particle sizes were used as aggregates. The average particle size is 250um.
The densest packing ratio of the two is about 6:4 according to analysis.

5. Sodium silicate (Na2SiO.):

The alkali activator used a commercially available sodium silicate (water glass or
liquid glass). This study uses sodium silicate containing 63% SiO2 and 18% Naz0. ltis a
white powder and is easily soluble in water. Stirring with water well, the solution is alkaline
and can polymerize the alkali glue material.

6. Sodium hydroxide (NaOH):

Sodium hydroxide also known as caustic soda, commonly known as lye, the
chemical formula is NaOH. It is a highly corrosive strong alkali. Generally it can be
deposited as white flakes or granules, also dissolved in water to form an alkaline solution
in environment of room temperature. It has a deliquescent property which also absorbs
acidic gases of carbon dioxide and sulfur dioxide. A commercially available solid powder
NaOH with 98% purity was used in this study. Processing of mixing with water to the
required proportion will cause the release of high heat, so it must be stores quietly in a
clean acid-proof and alkali-resistant container until room temperature for use. The main
purpose of the alkali activator solution is to produce more silicone colloids for the low
active materials, thereby hardening and strengthening the materials.

7. Superplasticiser (SP):



The 2024 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM24)
19-22, August, 2024, The K hotel, Seoul, Korea

It can increase the plasticity and fluidity of concrete because of its high performance
of water-reducing. It can increase compressive strength, waterproofness and avoid
aggregate segregation. The superplasticizer conforming to polycarboxylate type to
achieve the required workability was used.

8. Phosphoric acid (H3POa):

The eco-green concrete with alkali-activated GGBS will produce rapid setting during
the mixing process, and it will cause the workability to drop rapidly. This will cause it to
harden immediately during transportation and cannot be poured on site. Therefore,
appropriately adding phosphoric acid during mixing can significantly delay the initial and
final setting time. In this study, the extra pure phosphoric acid (No.SK321872) was used
to prepare the required concentration and then added in mixed material.

2.2 Testing projects
1. Compressive strength:

50x50%x50 mm3 cube cement mortar specimens were prepared to determine the
14- and 28-days compressive strength according to ASTM C109. The compressive
strength is be calculated by applying 1.4-3.4 kgf/cm2 per second in compression testing
machine.

2. Strength Activity Index, SAl:

Pozzolan activity analysis is defined by ASTM C618, ASTM C311 and EN 450-1.
Strength Activity Index, SAl can be found in Martina (2023) and are calculated follow as
shown in Eq. (1)

UHPC for 28—day compression strength
SAI(%)="LHECS Y compress 9h) % 100%, (1)
(OPC for 28—day compression strength)

3. Workability:

The test of workability followed the ASTM1437-20 and Xiaohong (2024).
Test purpose: Determine the flow ability of fresh concrete.

Test implemental steps:

Step 1: A slump cone mold is set on a steel flat plate (side length greater than 80cm,
thickness greater than 3mm). Fresh concrete is poured into the slump and fills
the entire cone mold.

Step 2: Pull the slump cone mold up, and the fresh concrete flows and spreads around.

Step 3: Measure the diameter of the entire circumference when the concrete spreads to
a stationary situation to ensure workability. The measurement method is shown
in Fig. 2
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Fig. 2 Measurement method of the workability

4. Alkali solution temperature

The temperature of the alkali activation solution was measured in this study. The
temperature changes were observed to evaluate the hydration reaction.

2.3 Mix proportions
1. Alkali activator solution mixes

In this study, a combination of Na>SiOz and NaOH solutions were used with distinct
silicate to hydroxide ratios. In other words, the weight percent of (Na2O/GGBS) and
molecular ratio of (SiO2/Na20) were designed in this study. The definitions are as follows
shown in Eq. (2) and Eq. (3).

Na,0

Alkali equivalent weight, (AE%)=E...(weight ratio), (2)
Alkali molecular ratio, (Ms)=1\“:’;—020...(molar ratio), (3)
2

Assume that the required weight of sodium hydroxide is Y and sodium silicate is X.
The formulas are as follows shown in Eq. (4) and Eq. (5).

Required weight of NazSiOs, X(g)=220xMs) (4)

0.63

Required weight of NaOH, Y(g)=222)-218x(0) (9)

0.775

In the Eq. (4) and Eq. (5): where 0.63 is the ratio of silicic acid in sodium silicate
0.18 should be the ratio of sodium oxide in sodium hydroxide, 0.775 is the ratio of the
molecular weight of sodium silicate to 2 times sodium hydroxide.
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The alkali activator contents of 4%, 5%, and 6%, molecular rations of 0.4, 0.5 and
0.6 were designed in the experimental program. The weight of Na>SiO2> and NaOH can
be calculated as follow Table. 2

Table. 2 Mixture proportions of distinct alkali weight and molecular ratio

(AE%) (Ms) Na2SiO2 (g) NaOH (g)
4% 0.6 34.29 38.49
0.7 40.00 37.16
0.8 45.71 35.83
5% 0.6 42.86 48.11
0.7 50.00 46.45
0.8 57.14 44.79
6% 0.6 51.43 57.73
0.7 60.00 55.74
0.8 68.57 53.75

2. UHPC mix proportions

In this study, the water/cement ratios of 0.20 and 0.25 were designed in UHPC mix
proportions. Mix proportions and details of the mixes are shown in Table. 3 and 4.

Table. 3 UHPC mix proportions with water/cement=0.20 (kg/m3)

Mix type GGBS Cement fsljlr':]:: plglsjt?g;-er Water SEI(I:((:)aarSSaer;d Slhff?nze)md
R50C50 450 450 225 14 172 424 636
R62.5C37.5 563 338 225 14 172 421 631
R75C25 675 225 225 14 172 417 626
R87.5C12.5 788 113 225 14 172 414 621
R100 900 0 225 14 172 411 616
OPC 0 900 225 14 172 437 656

Table. 4 UHPC mix proportions with water/cement=0.25 ( kg/m3)

Mix type GGBS Cement fsljlr':]:: plglsjt?g;-er Water SEI(I:((:)aarSSaer;d Slhff?nze)md
R50C50 450 450 225 14 217 376 564
R62.5C37.5 563 338 225 14 217 373 560
R75C25 675 225 225 14 217 370 555
R87.5C12.5 788 113 225 14 217 366 550
R100 900 0 225 14 217 363 545

OPC 0 900 225 14 217 389 584
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3.EXPERIMANTAL RESULTS AND DISCUSSION

3.1. Temperature of the alkali activator solution

From Fig. 3, the hydration reaction is divided into five main stages: initial induction,
accelerated development, deceleration, development, stable development and
hardening forming stage according to theoretical explanation (Chao 2024). Literatures

suggest that the mixing temperature should be below 40°C (Xiaohong 2024). The

temperatures comparison of alkali activator solution with distinct contents and
water/cement ratios were shown in Fig. 3.

Fig. 3 indicates the mixing water temperature of common OPC about 26~28°C. The
temperatures of the alkali activator solution by a water/cement ratio of 0.20 were 69~72°C,
66~69°C and 69~71°C with distinct alkali activator contents of 4%, 5%, and 6%,
respectively. The temperatures of solution by the water/cement ratio of 0.25 are 69~70°C,

61~64°C and 66~68°C respectively. This phenomenon shows that a large amount of

hydration heat will be released in the initial hydration process stage. Temperature rising
may cause accelerated hardening, larger pores and quicker setting of concrete, thereby

reducing workability.
6
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Fig. 3 Temperatures comparison of alkali activator solution with distinct contents and
water/cement ratios.

3.2. Performances of the fresh UHPC
Fig. 4 indicates the workability variations of alkali activator solution with distinct
contents and water/cement ratios. The workability of the fresh OPC were 18~20cm,
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20~22cm for the water/cement ratio of 0.20 and 0.25 respectively. The workability of the
fresh UHPC for the water/cement ratio of 0.2 is relatively reduced with higher alkali
equivalent weight. The workability was 14~16cm, 13~14cm and 12~15cm for distinct
alkali activator contents of 4%, 5%, and 6%, respectively.

In general, the workability is greatly improved between 16~17cm in the lower alkali
activator content under water/cement ratio 0.25. The workability is declining, but they are
still 14~16cm as more alkali activator content. Therefore, it shows that workability is poor
and reduced with lower water/cement ratio, which will cause difficult problems to
implement in practice concrete engineering in future.
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Fig. 4 Workability comparison of UHPC for distinct alkali activator contents and
water/cement ratios.

3.3. Performances of the solid UHPC
In this study, the water/cement ratios of 0.20 and 0.25 were designed in UHPC mix
proportions. The partially cement was substituted by GGBS to mix proportions and details
of the mixes are shown in Table. 3 and 4. The compressive strength test results of UHPC
(water/cement=0.20) for the partially cement was substituted by GGBS are shown in Fig.
5 It was found that 50% cement was substituted by GGBS (R50C50), 7-days
compressive strength was approximately 70.82% of OPC. The strength is only about 7%
of OPC as the substitution amount getting higher to reach 100% (R100). The 28-days
strength performance of mix (R50C50) is 93.28% of OPC, which is roughly equivalent.
The strength of mix (R62.5C37.5) decreases rapidly, only 63.44% of OPC. The strength
of mix (R75C25) increases slightly. The strength of the R100 is only about 9.03% of OPC

under the condition of no alkali excitation.
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Fig. 5 Compressive strength test results of UHPC (water/cement=0.20) for the partially
cement was substituted by GGBS

Furthermore, the compressive strength test results of UHPC (water/cement=0.25)
for the partially cement was substituted by GGBS are shown in Fig. 6 The 7-days
compressive strength is approximately 85.88% of OPC. As the mix proportion of
substitution reach 100% (R100), the strength is only about 3% of OPC. It almost has
91.01% of OPC as mix (R50C50) proportion for 28-day compressive strength. The
strength of the mix (R62.5C37.5) and (R87.5C12.5) proportion are 63.44% and 42.48%
of OPC respectively. Mix proportion (R100) under the no alkali excitation condition, the
strength is only about 6.38% of OPC.

Based on the above description, the results pointed out that the hydraulic reactivity
is stable developed well on high water/cement ratio, but compressive strength
development slowly. It is recommended that the mix proportion (R50C50) can be used
for the advanced study of strength development. On the contrary, the strength of mix
proportion (R100) without alkali excitation cannot meet the strength required in
infrastructure construction. Therefore, the alkali activated challenge will be conducted in
subsequent analysis.
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Fig. 6 Compressive strength test results of UHPC (water/cement=0.25) for the partially
cement was substituted by GGBS

Fig. 7 shows the 14 and 28-days strength of mix (R100) proportion on water/cement
0.2. The compressive strength tests were performed on cubic specimens according to
ASTM C109 standard at the age of 14 and 28-days. The 14 and 28-days compressive
strength of OPC were 139.89 MPa and 152.35 MPa respectively. The 14 and 28-days
strength of specimen with alkali activator contents of 4% were 101~121 MPa and
113~129 MPa respectively. The strength reduced to -12.95% and -15.13% than OPC at
the age of 14 and 28-days. The strength was promoted 6.2% from 14 to 28-days. It
explains the mechanism of alkali excitation and the strength rises slowly. But the
compressive strength reaches to approximately 85% of OPC.

In view of this, it shows that the excitation concentration increases and the hydraulic
reactivity is strong with the larger alkali activator contents. Finally, it is known that the
compressive strength can be close to OPC.
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Fig. 7 Compressive strength comparison of UHPC for distinct alkali activator contents
and water/cement ratio of 0.20

On the other hand, Fig. 8 shows that the 14 and 28-days compressive strength of
OPC (water/cement=0.25) are 116.44 and 135.96 MPa respectively. The 14 and 28-days
strength of specimen with alkali activator contents of 4%, 5%, 6% were 84~102 MPa and
90~125 MPa, 94~112 MPa and 119~124 MPa, 82~100 MPa and 90~111 MPa
respectively. The strength of specimens with alkali activator contents of 4%, 5%, 6%
reduced to -12.07% and -7.4%, -18.9% and -8.1%, -13.79% and -17.78 than OPC at the
age of 14- and 28-day. By the alkali activator contents of 4%, 5%, 6%, the strength was
just promoted 4.67%, 10.8%, 3.99% from 14 to 28-days respectively than higher
water/cement OPC. The strength reaches to approximately 92%, 92%, 82% of OPC
respectively.

The development of alkali excitation was limited by the amount of mix water. The
compressive strength development of specimens is higher under alkali activator higher
content and lower water/cement, 0.2. The strength reaches to approximately 99% of
OPC. Otherwise, the strength development is lower under higher water/cement, 0.25 and
alkali activator content, just only 82% of OPC.



The 2024 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM24)
19-22, August, 2024, The K hotel, Seoul, Korea

(W/C-0.25)

120
100
80
60 mD14
40 = D28
20
0

@”“@@b*@@”“@ §

Compression Strength(MPa)

Q Q

Different (AE%) and (Ms)

Fig. 8 Compressive strength comparison of UHPC for distinct alkali activator contents
and water/cement ratio of 0.25

Pozzolan activity analysis is defined by ASTM C618, ASTM C311 and EN 450-1.
Strength Activity Index (SAIl (%)) is the ratio of the compressive strength of alkali-
activated UHPC mortar and control cement mortar after curing for 28 days, as shown in
Eq. (1).

The grade F100 GGBS was used in this study. Fig. 9 shows the SAl analysis results
of the alkali activated GGBS specimens. The SAl of specimens with water/cement, 0.2
and alkali activator contents of 4%, 5%, 6% were 74~84%, 80~91%, 74~99%
respectively. Otherwise, water/cement is 0.25, the SAIl of specimens were 66~92%,
80~91%, 66~81% respectively. The literature indicated that the SAI above 85% indicates
a great activity index (Martina 2023). Therefore, the alkali activator contents of 4%, 5%
are recommended use under water/cement 0.2 and 0.25 respectively.
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Fig. 9 Strength activity index of UHPC for distinct alkali activator contents and
water/cement ratios

4.CONCLUSIONS AND SUGGESTIONS

This study has found the following conclusions, which are specially provided a reference
for subsequent advanced research and development:

1.

The 28-days compressive strength of UHPC specimens mix R50C50 with
water/cement 0.20 and 0.25 can reach 93% and 83% of OPC respectively. Therefore,
the strength decays rapidly as more and more substitution of cement. An alkali
activator can be recommended used to strengthen the hydration reaction of GGBS.
The workability of the fresh UHPC were 12~13cm, 16~17cm for the water/cement
ratio of 0.20 and 0.25 respectively. Workability is relatively reduced under higher alkali
concentrations and lower water/cement; otherwise, it is improved under opposite of
conditions. This indicates that it is difficult to implement in practice concrete
engineering for poor workability of alkali excitation under lower water/cement.

The compressive strength development of specimens is higher under alkali activator
higher concentrations and lower water/cement, 0.2. The strength reaches to
approximately 99% and only slightly lower 0.58% of OPC for the hydration reaction
strong; Otherwise, the strength development is lower under higher water/cement,
0.25 and alkali activator content, just only 82% of OPC. It indicates the higher strength
performance in the case of low water/cement ratio and higher alkali excitation
concentrations; otherwise, it is poor under opposite of conditions.

The SAl of specimens with water/cement, 0.2 and 0.25 were 74~99% and 66~92%
respectively. The literature indicated that the SAl above 85% indicates a great activity
index Martina (2023). Therefore, the alkali activator contents of 5% is recommended
better usage.

Literatures suggest that the mixing temperature should be below 40°C(Xiaohong
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2024). Therefore, the too high temperature of the alkali activated solution may
promote the rapid hydration reaction. It will reduce the tightness and compactness of
the structure.
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