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Abstract— Cement mortar has a major effect on the 

properties of resulted Preplaced aggregate concrete. Well 

defined mortar controls the properties of Preplaced aggregate 

concrete, where its fluidity should be defined by many 

variables for instance, water/cement ratios and cement/sand 

ratios. This study investigates the effect of different grout 

variables such as, sand gradation, water-cement ratio, cement-

sand ratio on the fresh and hardened grout properties. Grout 

fluidity has been identified through a set of lab work without 

using any additives or admixtures in the mortar mixes. Two 

different sand gradations were used at different water-cement 

ratios at different cement-sand ratios. Furthermore, a 

statistical analysis was carried out in order to get full 

assessment of fresh and hard grout properties.  

Keywords— Preplaced aggregate concrete, mortar, fluidity, 

cement, sand  

I. INTRODUCTION  

Preplaced aggregate concrete (PAC) is produced by placing 

and compacting the coarse aggregate first in the forms then, 

filling the remaining voids by cement-based grout under 

pressure. The resulting concrete exhibits many advantages 

which make it suitable for many jobs especially, repairing 

works and underwater concreting [1], [2]. PAC is a low 

volume change concrete due to the point to point contact 

between coarse aggregate particles. PAC drying shrinkage is 

about one-half of that resulting from conventional concrete 

[3], [2] and that makes it more suitable for repair works. 

Underwater concreting by the PAC method was achieved 

for different construction projects like, bridge piers, dams 

and offshore structures [2], [4]. 

It has also been reported that the ratio of minimum particle 

size coarse aggregate to the maximum particle size of fine 

aggregate is 10:1 [2], [5] and [6]. Admixtures and additives 

have been used in manufacturing PAC grout because they 

improve the properties of the resulting grout and concrete. 

Additives like fluidifiers and fly ash are usually mixed with 

cement as a cementations material as they reduce bleed 

water heat of hydration [1], [3]. Super-plasticizers or water 

reducing admixtures are used to reduce the water content in 

order to increase concrete compressive strength [3], [2]. A 

set of lab work was carried out over the period 1993-1995 at 

the Technical University of Gdansk, Poland [6], it has been 

found that compressive strength of the grout increases with 

the duration of mixing at all w/c ratios, because of the 

increase in the cement specific area due to the high speed of 

mixing. PAC compressive strength was found that is lower 

than that of normal concrete at early ages; at the same time 

it is satisfactory from its cement content point of view where 

the cement content is low [5], [7]. It has  reported that, there 

is a small effect between water and air curing conditions on 

PAC compressive strength compare with normal concrete 

due to the contact between the coarse aggregate particles[7], 

[8]. Tensile strength of PAC is affected mainly by the water-

cement ratio of the grout and increased with an increase in 

compressive strength [5], [7].  

In 1995, Abdelgader reported that an increase by 80% in 

grout compressive strength causes 60-65% increase in 

concrete compressive strength [5], and that may be related 

to the contact points of coarse aggregate particles and the 

bond between the coarse aggregate and hardened grout. 
Grout fluidity is a major factor in manufacture of good 

quality PAC, However, the effect of different sand types on 
the grout fluidity and on the resulted PAC properties is 
studied, the effect of sand sizes larger than 2mm on grout 
properties and PAC as well are not reported.                    

II. STRATEGY OF THE RESEARCH  
Mortar fluidity is the most important factor in the 

production of PAC; suitable fluidity results in a successful 

injection of mortar into the compacted coarse aggregate 

mass to make PAC. The main objective of the study is to 

identify the mortar fluidity and then, testing of hardened 

mortar strength. The use of admixtures and additives has 

been avoided at this stage to minimize the number of 

parameters.  

Fifteen different mortar mixes were prepared using w/c 

ratios of 0.40, 0.45, 0.50, 0.55 and 0.60 at c/s ratios of 1:0.6, 

1:0.9 and 1:1.2 by volume. The choice of many w/c ratios 

was used to insure different cement paste workability. 

Although the c/s ratios were chosen by volume to make 

clear comparison between the two sands, the quantity of 

sand required for mixing is measured by weight. Where, the 

c/s ratios were recalculated by weight for both types of sand 

according to their densities. The material proportions were 

chosen according to the requirements of mortar fluidity and 

the difference of sand gradation.    

Sand required for mixing is put into an oven at 105℃  for 24 

hrs in order to get an oven dry sample [9]. The required 

quantity of sand for each mix is weighted as oven dry 

samples, mixed with the required water and put into a sealed 

plastic container. The mixing water is the sum of required 

mixing water plus the calculated water for sand absorption. 
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The mix of sand and water is left for 24 hours before mixing 

with cement.  

Mortar was produced by mixing the ingredients by Hobart 

mixer [10]. Then, the fresh mortar is ready for required test; 

Flow Meter Test, flow of a known volume of grout through 

a horizontal channel is one of the methods by which the 

mortar fluidity can be defined. In the flow meter test a 

quantity of 1.13 Liters of grout is released to flow through 

an open scaled channel, the flow is defined by distance of 

the mortar transmission in (cm) (Colcret Flow Trough) [11].  

Fresh mortar was prepared and poured in 40*40*160 mm 

moulds and left for 24 hrs. After that mortar samples were 

removed from their moulds and put in water and tested at 28 

days. Three samples of 40*40*160 mm beams were tested 

by the Instron machine at a loading rate of (50 ± 10) for 

compression according to BS EN 196-1:1995[10]. 

 

III. USED MATERIALS 

Portland cement (CEM1) was used to produce the PAC 

mortar, the cement is produced by RUGBY Company-UK. 

The density of the cement was 1260 𝑘𝑔/𝑚3.  

Two types of natural sand were used as a fine aggregate, 

Scrooby Top (ST) sand and Allerton Park (AP) sand. The 

Hosakawa Powder Density was used to determine sand 

densities. ST sand and AP sand densities are 1404 𝑘𝑔/𝑚3 

and 1711 𝑘𝑔/𝑚3 respectively. ST sand passes the BS 882 

sieve No. 14 (1.18mm), its specific gravity is 2.56. AP sand, 

is natural sand which used for normal concrete purposes, it 

is sand with maximum size of 5mm according to BS 882-

1992 [12], and specific gravity of 2.62. The sieve analysis of 

both types of sands is shown in Figure 1. 

 

 
Figure 1: Gradation of ST and AP sands 

 

IV. ANALYSIS AND DISCUSSION OF RESULTS 

 

A. Fluidity of the mortar 

Figures 2 and 3 show that the flow is a function of both c/s 

and w/c ratios between values of 1/0.6 to 1/1.2 by volume 

and w/c of 0.4 to 0.6 by weight. As the w/c ratio increases 

so does the flow. It is apparent that AP sand yields higher 

levels of fluidity than does ST sand. The high fluidity of AP 

sand is attributed to its coarser grading and, hence, low 

surface area. The ST mortar at c/s of 1/0.9 exhibited a 

threshold at w/c of 0.5 before the mortar was sensitive to 

change in w/c. In contrast, the leanest mortar was insensitive 

to w/c between values of 0.4 and 0.6.  

AP sand mixes exhibited less insensitivity to the flow meter 

test, they have flown through the channel except mixes of 

w/c = 0.4 at c/s of 1/0.9 and 1/1.2 because of their thick 

consistency.  

 

  

Figure 2: Fluidity vs w/c ratio for ST mortars 

 

 

Figure 3: Fluidity vs w/c ratio for AP mortars 

 

B. Mortar compressive strength 

It is apparent from figures 4 and 5 that the conventional 

relationship between compressive strength and w/c ratio is 

obtained. However, the ability to draw clear comparisons 

between sand types and c/s ratio is compromised by a 

potential lack of complete compaction especially in very 

low fluidity grouts. The variability of compaction could be 

responsible for the variations and differences in compressive 

strengths observed. It is suggested that a single relationship 

exists between compressive strength and w/c for all grouts. 

The change in c/s at different w/c ratios also could be the 

reason behind the variations in grout compressive strength. 

In the future work grout, compaction method should be 

chosen according to the grout fluidity. 
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.   
Figure 4: Compressive strength vs w/c ratio of ST sand  

 

 

Figure 5: Compressive strength vs w/c ratio of AP sand 

 

V. PRODUCTION OF PAC 

Lab experiments were carried out in order to produce PAC. 

The used coarse aggregate was rounded shape with 

maximum particle size of 20 mm. It is single size aggregate 

and the resulted void ratio from compacting the aggregate is 

40%. It was measured by replacement of water in a known 

volume container by compacted coarse aggregate. The 

volume of remaining water is measured by graduated 

cylinder. The ratio between remaining water and the 

container volume is the void ratio of compacted aggregate.  
 PAC is produced by placing the coarse aggregate in the 

form first. Then, a plastic pipe of 20mm is fixed inside the 

stone skeleton with a clearance of about 10mm from the 

form base to allow the mortar to flow. Figure 6 shows a 

stone skeleton ready for injection through the pipe. Grout 

G4-5 in Table 2 was chosen for injection because of its high 

fluidity, 69cm which agrees with Colcrete Flow Test. 

 
 

Figure 6: Compacted coarse aggregate ready for grouting 

 

Injection of the mortar was achieved by passing the mortar 

through the plastic pipe under the action of gravity at a head 

of 2m. Successful PAC cubic samples of 100mm and 

150mm were produced. After curing concrete for 28 days, 

concrete sample was cut into two pieces in order to check if 

the mortar penetrated all the stone voids or not. It was found 

that the mortar penetrated all the coarse aggregate voids 

without any honeycombing as shown in Figure 7.  

 

 

 
 

Figure 7: Cross section in PAC sample 

 

Following that, there was another trial to produce PAC by 

injection the coarse aggregate voids by mortar of mix G5-5 

in Table 1,with fluidity of 58.5cm. The resulted concrete 

was highly honeycombed as the mortar has not penetrated 

all coarse aggregate voids. However this reading agrees with 

Colcrete flow test which accepts readings for grouting by 

gravity at 550mm, the size of coarse aggregate should be 

larger to give larger size of voids between aggregate.   

 

VI. CONCLOSIONS 

A set of lab work has been carried out to investigate the 

properties of mortar; the following remarks can be 

summarized below: 

-Grout fluidity for both sands decreases with an increase in 

sand quantity. AP sand grouts yields higher levels of fluidity 
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than ST sand mortar at the same w/c and c/s ratios due to its 

surface area. 

- Compressive strength of hardened mortars decreases with 

an increase in w/c ratio for both sands at all c/s ratios. ST 

sand mortars presents higher strength that of AP sand 

mortar.  

 -PAC was successfully produced by injecting a high 

fluidity mortar into the skeleton mass of rounded coarse 

aggregate of maximum size of 20mm, and that was achieved 

by using AP sand mortar with fluidity of 69cm by flow 

meter test.  

- Grout fluidity of 58.5cm by AP sand was not penetrated a 

compacted coarse aggregate mass of maximum aggregate 

particle size of 20mm. The resulted concrete was 

honeycombed.     

 

Table1: AP and ST mix properties 
APmix c/s w/c Flow(cm) ST mix Flow(cm) 

G1-1 1/0.6 0.4 0 G4-1 22.5 
G1-2 1/0.6 0.45 19 G4-2 37 
G1-3 1/0.6 0.5 20 G4-3 48.5 
G1-4 1/0.6 0.55 35.5 G4-4 58.5 
G1-5 1/0.6 0.6 46.5 G4-5 69 
G2-1 1/0.9 0.4 0 G5-1 1 
G2-2 1/0.9 0.45 0 G5-2 28 
G2-3 1/0.9 0.5 1 G5-3 31.5 
G2-4 1/0.9 0.55 19 G5-4 38 
G2-5 1/0.9 0.6 32.5 G5-5 58.5 
G3-1 1/1.2 0.4 0 G6-1 0 
G3-2 1/1.2 0.45 0 G6-2 9.5 
G3-3 1/1.2 0.5 0 G6-3 24.5 
G3-4 1/1.2 0.55 0 G6-4 36.5 
G3-5 1/1.2 0.6 2 G6-5 46 
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