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1. Introduction 

Concrete’s resistance to aggressive chemical attacks from 

external sources is a significant characteristic affecting its 

durability and a major factor contributing to concrete 

deterioration [1]. Acid attacks, common in sewerage manholes, 

areas affected by acid rain, and surfaces in contact with acids, 

weaken concrete, leading to erosion and strength loss [2], as 

depicted in Figs. 1 and 2. To address this issue, the study used 

reactive powder concrete (RPC), an ultra-high-strength cement 

composite with improved mechanical properties and superior 

acid resistance [3]. However, the high cement content in RPC 

raises environmental concerns, specifically increased CO2 

emissions [4], prompting the need for further investigation. 

 

Figure 1. The effects of sulfuric acid on the floor of an acid 

storage warehouse in the industrial area on the left side of the 

city of Mosul. 
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Figure 2. Erosion effects on concrete were observed in a 

manhole in the Al Nabi-Yunus area, on the left side of Mosul. 

Several studies have investigated the performance of concrete 

under acid attack. Among these, Barbhuiya and Kumala [5] 

investigated the behavior of concrete containing fly ash and 

ultra-fine fly ash in sulfuric and nitric acid. They found that 

replacing 30% of the cement weight with fly ash and 10% with 

ultra-fine fly ash decreased the loss of compressive strength and 

mass after exposure to the acids. Rao et al. [6] investigated the 

acid resistance of Quaternary Blended Cement Concrete 

(QBCC) incorporating recycled aggregate. They exposed 

QBCC to two acids, sulfuric and hydrochloric, and observed 

that the use of recycled aggregate enhances the acid resistance 

of concrete. Torres et al. [7] investigated the impact of sulfuric 

acid on high-performance concrete (HPC). They observed that 

concrete specimens with lower cement content exhibited 

greater resistance to sulfuric acid than those with higher cement 

content. Aygörmez and Canpolat [8] examined the impact of 

sulfuric and hydrochloric acid on geopolymer composites, 

finding that sulfuric acid has a more substantial damaging effect 

on geopolymer composites than hydrochloric acid. Dhundasi et 

al. [9] investigated the durability properties of RPC under 

sulfuric acid attack. Their results showed that the strength and 

mass of the specimens decreased significantly at high sulfuric 

acid concentrations. Youssari et al. [10] investigated the effect 

of metal fibers on concrete in harsh environments. Concrete 

specimens, with and without fibers, were exposed to 5% 

concentrated hydrochloric acid, sulfuric acid, and acetic acid for 

a duration of 135 days. The study revealed that incorporating 

metal fibers reduces porosity by 14%, enhancing the 

mechanical strength of concrete. Arjomandi et al. [11] 

investigated the acid resistance of concrete using steel fibers 

and recycled nylon granules as sand substitutes. They found that 

the optimal mix for maximum 90-day compressive strength 

under acid exposure is 0.11% steel fibers and 20% nylon 

granules, supporting cleaner and more sustainable concrete. 

Shariati et al. [12] examined coal waste (CW) as a replacement 

for concrete aggregate. They observed that higher CW content 

increased water absorption and weight loss, causing continuous 

strength reduction under sulfuric acid exposure. 

This research aims to evaluate the reduction of cement content 

in RPC by incorporating supplementary cementitious materials 

(SCMs) such as granulated ground blast-furnace slag (GGBS), 

fly ash, and silica fume. The evaluation is based on RPC's 

performance against acid attacks. Since the city of Mosul works 

to enhance its infrastructure, the officials sometimes need to 

temporarily redirect water flow after 3 days of casting, as shown 

in Fig. 3, excavate trenches, install sewage pipes, and cast 

manholes, resulting in the exposure of newly cast manholes to 

acidic water within a short span.  
 

 

Figure 3. Temporarily changing the water pathway as part of 

a sewage project in the Al-Islah Al-Zira'i Neighborhood, 

Mosul City, Iraq. 

 

This study investigates the effects of such exposure by 

conducting tests on specimens subjected to acid after a 3-day 

curing period in water, simulating real-time conditions, in 

addition to the standard 28-day curing period. 

 

2. Experimental Program 

2.1. Materials 

Cement: Ordinary Portland Cement (OPC) supplied by "Mass 

Cement Factory" was used in all mixtures, conforming to Iraqi 

specification IQS No. 5/2019 [13]. The cement has a specific 

gravity of 3.15. The chemical composition analysis of the 

cement is presented in Table 1, and its physical properties are 

provided in Table 2. 

Table 1. Chemical composition analysis of cementitious raw 

materials (value %). 

Chemical 

Composition 
Cement 

Silica 

Fume 

Fly-

Ash  
GGBS 

SiO2 19.5 95 47.67 31.86 

Al2O3 4.9 1.38 27.73 16.67 

Fe2O3 3.29 0.02 15.42 0.86 

CaO 64.25 0.018 5.11 38.72 

MgO 3.04 0.01 2.65 8.41 

SO3 2.64 0.3 0.34 0.72 

Free Lime 1.32 - - - 

Loss on ignition 2.06 1.05 3.71 0.2 

Insoluble 

residue 
0.75 - - - 
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Table 2. Physical properties of cement. 

Physical Properties 
Test 

Results 

Limits of IQS 

No. 5/2019 

Standard Consistency 

(w/c) 
0.27 ---- 

Initial Setting Time (min.) 150 ≥ 45 min 

Final Setting Time (hrs.) 5  ≤ 10 hrs. 

Compressive strength at:     

2 days (MPa) 17.9 ≥ 10 

28 days (MPa) 41.2 ≥ 32.5 

Fineness, Blain method 

(m2/kg) 331 ≥ 250 

 

Silica Fume (SF): Micro-silica fume supplied by “ECA 

Company” is a dry, densified ultra-fine powder with a specific 

gravity of 2.25, conforming to ASTM C1240-20 [14]. It was 

used at 10% by weight of cementitious materials (CMs). The 

chemical properties of silica fume are listed in Table 1. 

Fly Ash (FA): Fly ash type F supplied by “Euro Build 

Company” with a specific surface area of 360 m2/kg and a 

specific gravity of 2.4, conforming to ASTM C-618-19 

standards [15]. It was used as a 25% replacement for cement by 

weight. The chemical properties of fly ash are listed in Table 1. 

GGBS: Slag, which is a light grey powder obtained as a by-

product of iron manufacturing from “Songhe Industrial 

Company” in China. Slag complies with the requirements of BS 

EN 15167-1 [16]. In China, the slag, also known as GGBS, is 

classified into three grades: S75, S95, and S105 [17]. In this 

study, grade S95, with a specific surface area of 418 m2/kg and 

a specific gravity of 2.9, was used as a 25% replacement for 

cement by weight. Table 1 provides the chemical properties of 

the slag. 

Fine Sand: Natural river sand from the "Nineveh zone" with a 

specific gravity of 2.65 and 1.42% absorption was used. The 

grading of the sand is presented in Table 3. 

Table 3. Grading and Fineness Modulus of RPC Sand. 

Sieve size 
Cumulative weight 

retained (gm) 
Passing % 

4.75 mm 0 100 

2.36 mm 0 100 

1.18 mm 0 100 

0.6 mm 0 100 

0.3 mm 52.8 47.2 

0.15 mm 100 0 

Fineness Modulus 1.528 

 

Quartz Powder (QP): Quartz powder with a bulk density of 

1584 kg/m3 from “KÖSTER company” was utilized.  

Superplasticizer (SP): "Hyperplast PC200" is a high-

performance superplasticizer with a specific gravity of 1.05. It 

was used at a dosage of 1.5% weight of the CMs for all 

mixtures. 

Polypropylene Fiber (PP fiber): PP fiber with a length of 9mm 

from "Sika Company" was added to all concrete mixtures in this 

study. The fiber has a density of 0.91 g/cm³ and was 

incorporated at a dosage of 0.15% by weight relative to the CMs 

in all mixtures. Fig. 4 shows the materials used for RPC. 

 
Figure 4. Materials Used for RPC: Silica Fume, Fly Ash, 

GGBS Slag, Quartz Powder, and PP Fiber. 

 

2.2. Mix Proportions 

All reactive powder concrete (RPC) mixtures were prepared 

with a cementitious material (CM) content of 968 kg/m3, 

incorporating 10% silica fume by weight of the CMs. The 

mixtures included RPC-C as the control, RPC-FA with a 25% 

replacement of cement weight using fly ash type F, and RPC-S 

with a 25% replacement using GGBS. All mixtures contained 

polypropylene fiber (pp) of 0.15% weight of the CMs, 

superplasticizer (SP) of 1.5% weight of the CMs, and a water-

to-cementitious materials ratio (w/cm) of 0.25. The details of 

the mixtures are presented in Table 4. 

Table 4. Composition of RPC mixtures. 

RPC RPC-C RPC-FA RPC-S 

Cement kg/m³ 871 653 653 

Sand kg/m³ 871 871 871 

QP kg/m³ 290 290 290 

SF kg/m³ 97 97 97 

FA kg/m³ 0 218 0 

GGBS kg/m³ 0 0 218 

w/cm 0.25 0.25 0.25 

PP Fiber % 0.15 0.15 0.15 

SP % 1.5 1.5 1.5 

 

2.3. Mixing and Preparing Specimens 

The mixing procedure for RPC involved weighing and 

combining the cementitious components, mixing them to 

achieve uniformity, adding water, superplasticizer, and PP 

fiber, and mixing for 13 minutes. The workability of the mixture 

was tested using the ASTM C 1437 method [18]. Then, the 

mixture was poured into molds and compacted using a vibrating 

table. The specimens were covered with a plastic sheet and 

cured in a laboratory at 22 ± 3°C. After 24 hours, the specimens 

were taken out of the molds, divided into two groups, and 

placed in a water tank for curing. One group was cured for 3 

days, and the other was cured for 28 days. Subsequently, the 

specimens were immersed in sulfuric acid for two different 

exposure periods of 28 or 56 days.  
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The sulfuric acid used has a concentration of 3% and a pH of 

approximately 0.85. It is changed when there is a noticeable 

change in pH, typically every two weeks. The acid is stored in 

two polyethylene basins, one for cube specimens and the other 

for cylinder specimens. Fig. 5 shows the two basins used for 

RPC specimens.  

 

 

Figure 5. Sulfuric acid basins. 

2.4. Experimental Work Procedure 

The previously mentioned procedures regarding the practical 

aspects of this study are further illustrated through the step-by-

step process outlined in the flowchart shown in Fig. 6.   

 
Figure 6. Experimental work procedure. 

2.5. Testing Methods 

The fresh concrete mixtures were tested for flow rate, and the 

hardened concrete specimens were evaluated for acid resistance 

based on compressive strength, splitting tensile strength, weight 

loss, and ultrasonic pulse velocity.  

• Compressive Strength 

A total of 54 cubic specimens (100 x 100 x 100 mm) were tested 

for compressive strength (18 cubes for each mix). The test 

followed the guidelines stated in BS EN 12390-3:2019 [19] as 

shown in Fig.7. The specimens were cured for two different 

periods: either 3 or 28 days before exposure to the acid for two 

periods of 28 and 56 days. The compressive strength of each 

mix at each age was measured as the average strength of three 

specimens. The percentage reduction in compressive strength 

of the specimens was calculated using (1).  

% 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑙𝑜𝑠𝑠 =  
𝑓𝑖 − 𝑓𝑠

𝑓𝑖 
∗ 100   (1) 

Where fi represents the initial strength before exposure to acid 

(in MPa), and fs represents the strength after exposure to acid 

(in MPa). 

 

 

Figure 7. Compressive strength test. 

• Splitting Tensile Strength 

A total of 54 cylindrical specimens (100 x 200 mm) were tested 

for splitting tensile strength (18 cylinders for each mix). The 

test followed the specifications outlined in ASTM C496 [20], 

as shown in Fig. 8. It involved applying a compressive force 

along the cylinder's length at a rate of 0.02 kN/s. The specimens 

were cured for 3 or 28 days before exposure to acid, with 

subsequent exposure for 28 or 56 days. The splitting tensile 

strength of each mix at each age was measured as the average 

strength of three specimens. The percentage reduction in the 

splitting tensile strength value was calculated using (1). 

 

 

Figure 8. Splitting tensile strength test. 

RPC 

Mix Proportion 

0.9: 0.9: 0.3: 0.1/0.25  

(C: S: QP: SF) / w/cm 

Cementitious Materials (CMs) =968 kg/m
3

 

w/cm ratio =0.25 

SP = 1.5% of CMs 

Fiber Content = 0.15% of CMs 

25% replacement of 

cement weight with 

GGBS 

 

25% replacement 

of cement weight 

with FA 

25% replacement 

3 days of curing  28 days of curing 

H2SO4 = 3% 

  

Without 

immersion in acid 

Exposure period: 28 

days  

Exposure period: 56 

days  



Journal of Engineering and Sustainable Development, Vol. 30, No. 01, January 2026                                            ISSN 2520-0917 

 

70 

• Total Weight Loss 

To measure total weight loss, the specimens are dried in an oven 

at 105°C for 24 hours at the end of curing periods (3 days or 28 

days). The initial weight of the specimens is measured before 

immersing them in a sulfuric acid solution. After the exposure 

periods, the specimens were removed from the acid, cleaned 

with a wire brush, dried in an oven at 105°C for 24 hours, and 

weighed as the final weight. The percentage of total weight loss 

was calculated using (2). 

% 𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 =  
𝑊𝑖 − 𝑊𝑠

𝑊𝑖 
∗ 100           (2) 

Where Wi represents the initial weight before exposure to acid 

(in grams), and Ws represents the weight after exposure to acid 

(in grams).   

• Ultrasonic Pulse Velocity Test 

The ultrasonic pulse-velocity test was conducted in accordance 

with the guidelines of ASTM C597-16 [21] to assess the quality 

of the concrete, as shown in Fig. 9. Cube specimens of 100 x 

100 x 100 mm were used for this test. The test was conducted 

on specimens immersed in acid for 56 days. The velocities of 

the ultrasonic pulses were measured, and the concrete quality 

was evaluated based on the ultrasonic velocities [22], as 

outlined in Table 5. 

 

Figure 9. Ultrasonic pulse velocity test. 

Table 5. Concrete quality classification based on pulse 

velocity [22]. 

Velocity (km/sec) Concrete quality 

> 4.58  Excellent  

3.4 - 4.5  Good  

3.0 - 3.5  Doubtful  

2.0 - 3.0  Poor  

 

3. Results and Discussion 

3.1. Flow Rate 

The addition of supplementary cementitious materials (SCMs), 

such as fly ash or GGBS, enhances the workability and flow 

characteristics of fresh concrete, as shown in Table 6. The 

incorporation of fly ash reduces the water demand in RPC, 

thereby improving workability. This enhancement occurs 

without affecting the water-to-binder ratio or superplasticizer 

dosage. The spherical shape, smooth texture, and fine particle 

size of fly ash contribute to this effect [23], [24]. While the 

inclusion of GGBS enhances workability by absorbing less 

water during mixing, due to its smooth, dense surface [24],[25]. 
 

Table 6. Flow rate (%) results. 

RPC Mixtures Flow Rate (%) 

RPC-C 84.1 

RPC-FA 90.9 

RPC-S 113.6 

 

3.2. Compressive Strength Loss 

The results of the compressive strength of concrete specimens 

for the mixtures RPC-C, RPC-FA, and RPC-S that were cured 

in water for 3 days and exposed to the acid solution for 0, 28, 

and 56 days are shown in Fig. 10. For 28 days of exposure, a 

slight difference in the strength loss was observed among the 

three mixtures; RPC-C, RPC-FA, and RPC-S exhibited a 22%, 

21%, and 19% loss in strength, respectively. After 56 days of 

exposure, the difference in strength loss was more obvious 

among the three mixtures. RPC-C, RPC-FA, and RPC-S 

exhibited a 39%, 34%, and 28% loss in strength, respectively. 

The results of the compressive strength of concrete specimens 

for the mixtures RPC-C, RPC-FA, and RPC-S that were cured 

in water for 28 days and exposed to the acid solution for 0, 28, 

and 56 days are shown in Fig. 11. For 28 days of exposure, no 

significant difference in the strength loss was observed among 

the three mixtures; RPC-C, RPC-FA, and RPC-S exhibited a 

21%, 18%, and 17% loss in strength, respectively. However, 

after 56 days of acid exposure, RPC-C, RPC-FA, and RPC-S 

exhibited 44%, 29%, and 38% reductions in strength, 

respectively. The results show that RPC-S specimens exhibited 

the best performance when cured for 3 days and exposed to the 

acid for 56 days, compared with RPC-FA and RPC-C 

specimens. While RPC-FA specimens exhibited the best 

performance when cured for 28 days and exposed to the acid 

for 56 days, compared with RPC-C and RPC-S specimens, as 

shown in Table 7.  

 

Figure 10. Effects of acid exposure on the compressive 

strength of 3-day-cured RPC specimens. 
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Figure 11. Effects of acid exposure on the compressive 

strength of 28-day-cured RPC specimens. 

Table 7. Differences in the rate of compressive strength loss 

among RPC mixtures. 

Curing (days) 3 3 28 28 

Exposure to acid (days) 28 56 28 56 

% 

Strength 

loss 

RPC-C 

(control) 
22 39.4 21.7 44.1 

RPC-FA 21 34.3 17.2 29.6 

RPC-S 19.4 28.2 18.5 38.3 

% Difference between 

RPC-C and RPC-FA 
5 13.9 23.2 39.3 

% Difference between 

RPC-C and RPC-S 
12.9 33.1 15.9 14.2 

 

3.3. Splitting Tensile Strength Loss 

The results of splitting tensile strength loss for the specimens of 

the mixtures RPC-C, RPC-FA, and RPC-S that were cured in 

water for 3 days and exposed to the acid attack for 0, 28, and 56 

days are shown in Fig. 12. For 28 days of exposure, RPC-C, 

RPC-FA, and RPC-S exhibited a 19%, 18%, and 17% loss in 

strength, respectively. After 56 days of acid exposure, RPC-C, 

RPC-FA, and RPC-S exhibited a 33%, 29%, and 26% loss in 

strength, respectively. The results show that the strength loss 

between mixtures was slightly apparent after 56 days of 

exposure. 

Fig. 13 shows the results of the splitting tensile strength loss for 

the specimens of the mixtures RPC-C, RPC-FA, and RPC-S 

that were cured in water for 28 days and exposed to the acid 

solution for 0, 28, and 56 days. For 28 days of exposure, RPC-

C, RPC-FA, and RPC-S exhibited a 21%, 16%, and 18% loss 

in strength, respectively. After 56 days of exposure to the acid, 

RPC-C, RPC-FA, and RPC-S exhibited a 36%, 29%, and 31% 

loss in strength, respectively. The results show that RPC-S 

specimens exhibited the best performance when cured for 3 

days and subsequently exposed to acid for 56 days, compared 

with RPC-FA and RPC-C specimens. While RPC-FA 

specimens exhibited the best performance when cured for 28 

days and exposed to the acid for 56 days, compared with RPC-

C and RPC-S specimens, as shown in Table 8.     

 

Figure 12. Effects of acid exposure on the splitting tensile 

strength of 3-day-cured RPC specimens. 
 

3.4. Total Weight Loss 

Fig. 14 represents the total weight loss of the specimens cured 

for 3 days and immersed in the acid solution for 28 and 56 days. 

RPC-C specimens experienced an average weight loss of 

14.95% after 28 days and increased to 22.13% after 56 days. 

RPC-FA specimens showed slightly lower weight loss, with an 

average of 13.80% after 28 days and 19.70% after 56 days. 

RPC-S exhibited a trend similar to RPC-FA, with an average 

weight loss of 10.33% after 28 days and 16.29% after 56 days. 

Fig. 15 represents the total weight loss of the specimens cured 

for 28 days and immersed in the acid solution for 28 and 56 

days. RPC-C specimens experienced an average weight loss of 

7.01 % after 28 days and increased to 14.52 % after 56 days. 

RPC-FA specimens showed slightly lower weight loss, with an 

average of 4.16 % after 28 days and 11.98 % after 56 days. At 

the same time, RPC-S exhibited a trend similar to RPC-FA, 

with an average weight loss of 5.07% after 28 days and 11.46% 

after 56 days. As shown in Table 9, RPC-S mixtures exhibited 

less weight loss than the other mixtures. 

 
Figure 13. Effects of acid exposure on the splitting tensile 

strength of 28-day-cured RPC specimens. 
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Table 8. Differences in splitting tensile strength loss between 

RPC mixtures. 

Curing (days) 3 3 28 28 

Exposure to acid (days) 28 56 28 56 

% 

Strength 

loss 

RPC-C 

(control) 19.5 32.7 21.2 36.5 

RPC-FA 18.7 29.6 16.1 29.2 

RPC-S 17.3 25.8 18.7 31.6 

% Difference between 

RPC-C and RPC-FA 
4 9.9 27.2 22.3 

% Difference between 

RPC-C and RPC-S 
11.9 23.7 12.4 14.6 

 

 

Figure 14. Effects of acid exposure on the weight of 3-day-

cured RPC specimens. 

 

 

Figure 15. Effects of acid exposure on the weight of 28-day-

cured RPC specimens. 

 

 

 

 

Table 9. Differences in weight loss between RPC mixtures. 

Curing (days) 3 3 28 28 

Exposure to acid 

(days) 
28 56 28 56 

% Total 

weight 

loss 

RPC-C 

(control) 
14.95 22.13 7.01 14.52 

RPC-FA 13.8 19.7 4.2 12 

RPC-S 10.3 16.3 5.1 11.5 

% Difference between 

RPC-C and RPC-FA 
8 11.6 51 19.2 

% Difference between 

RPC-C and RPC-S 
36.6 30.4 32.1 23.6 

 

The effect of the acid on the specimens is evident in Fig. 16. 

 

Figure 16. a. RPC-C cylinder specimens before and after 

exposure to sulfuric acid for 56 days. b. RPC-C cubic 

specimens after immersion in sulfuric acid. 

 

3.5. Ultrasonic Pulse Velocity 

The velocity results of all mixtures after a 56-day exposure to 

sulfuric acid are presented in Table 10. RPC-S specimens show 

the highest velocity result of 4.639 km/sec compared to the 

other specimens with a 3-day curing period. On the other hand, 

RPC-FA demonstrates the best velocity result of 4.834 km/sec 

for specimens cured for 28 days. These findings indicate that 

even after 56 days of exposure to the acid, RPC-S specimens 

remained in excellent quality when cured for 3 days, while 

RPC-FA specimens remained in excellent quality when cured 

for 28 days.  

Table 10. Ultrasonic-velocity values. 

RPC 

Mixtures 

Velocity (km/s) Velocity (km/s) 

3 curing + 56 exp. 28 curing + 56 exp. 

RPC-C 3.922 4.130 

RPC-FA 4.047 4.834 

RPC-S 4.639 4.180 

 

3.6. Discussion 

The results of this study highlight distinct variations in the acid 

resistance performance of three different reactive powder 
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concrete (RPC) mixtures. Among them, RPC-Control, which 

solely contained silica fume without supplementary 

cementitious materials, exhibited less resistance to acid attack 

compared to the other mixtures that incorporated GGBS or fly 

ash. This disparity was observed in both groups of specimens, 

cured for 3 days and 28 days. The inferior acid resistance of 

RPC-C can be attributed to its higher cement content, which 

renders it more susceptible to acid damage. On the contrary, the 

use of supplementary cementitious materials, with a 25% 

replacement of cement weight, showed positive effects on the 

concrete's acid resistance . 

The mixture containing GGBS (RPC-S) demonstrated 

significant improvements when subjected to acid exposure. It 

exhibited minimal detrimental effects in terms of weight loss, 

compressive strength, and tensile strength, particularly for the 

group of specimens cured in water for 3 days. The superior acid 

resistance of RPC-S can be attributed to the reduction in voids 

and pore size achieved through the inclusion of GGBS in the 

concrete, leading to lower porosity [26]-28]. This reduction in 

porosity resulted in enhanced acid resistance. During the initial 

hydration process, the calcium hydroxides released by Portland 

cement reacted with the GGBS, causing a breakdown of its 

glassy structure. As hydration continued, more calcium 

hydroxides precipitated and formed calcium silicate hydrate 

(CSH), which filled the pores, thereby enhancing strength and 

chemical resistance and refining the pore size [29]. In general, 

concrete with GGBS content exhibits good resistance to acid 

attack, both during the early and later stages of concrete 

development, due to the denser structure and decreased 

permeability [17],[29].  

On the other hand, the mixture containing fly ash (RPC-FA) had 

a slower rate of hydration [30],[31], resulting in weaker acid 

resistance compared to (RPC-S) during the initial stages of 

concrete development. This slower reaction rate of fly ash 

particles contributed to the diminished acid resistance. 

Additionally, at early ages, fly ash concrete exhibited lower 

levels of calcium silicate hydrate gel (C-S-H) and higher 

porosity, making it less resistant to sulfuric acid attack 

[32],[33]. Over time, fly ash in concrete has contributed to 

increased C-S-H formation through its pozzolanic reactivity. 

This, in turn, reduces the interconnected voids as the binder 

material hydrates. Consequently, decreased capillary and gel 

pores, along with reduced interconnected voids due to its fine 

particles [31], [34], collectively enhanced the strength and acid 

resistance of RPC-FA in the 28-day-cured samples.  

 

4. Conclusions 

1. The use of supplementary cementitious materials (fly ash or 

GGBS) improved the workability and flow characteristics 

of the fresh RPC mixtures. 

2. Replacing 25% of the cement with supplementary 

cementitious materials such as fly ash or GGBS enhances 

acid resistance in reactive powder concrete. 

3. In RPC specimens cured for 3 days, RPC-S exhibited 

superior acid resistance and showed minimal detrimental 

effects when compared to RPC-C and RPC-FA. 

4. RPC-FA specimens exhibited weaker acid resistance at an 

early age compared to RPC-S. However, this resistance 

improved over time, curing for 28 days. 

5. Both RPC-FA and RPC-S exhibited lower weight loss 

compared to RPC-C, indicating improved acid resistance 

and durability for the group of specimens cured for 28 days. 

6. The ultrasonic pulse velocity results showed that after 56 

days of immersing in 3% sulfuric acid, RPC-FA exhibited 

the highest velocity among the 28-day-cured specimens, 

followed by RPC-S among the 3-day-cured specimens. This 

indicates excellent concrete quality for both RPC-FA and 

RPC-S, as higher velocity indicates greater resistance to 

acid attack. 
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