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Abstract 

According to ASTM 403C, initial setting time of concrete is measured based on penetration resistance of mortar sieved 

from concrete and it is considered as the time taken to achieve a penetration resistance of 3.5MPa which is an arbitrary 

value. The main objective of this research is to find a test method to obtain a realistic initial setting time value in order 

to plan the placing of concrete to prevent formation of cold joints which can affect the performance of the structure. 

 

Mechanical properties (tensile strength and shear strength) at a purposely made cold joint was evaluated by testing  
concrete cubes cast in two layers with different time lags between placing of concrete in the two layers.  Point of 

change of each strength parameter with respect to time lag was identified and corresponding time range was identified 

as the initial setting time range. Standard penetration resistance test was also carried out and with the use of 

penetration resistance vs. elapsed time graph, corresponding penetration resistance value was also identified.  

 

Although this new method is effective to identify the initial setting time of concrete, it is not possible to use as a field test 

since it a time consuming and complicated test.  Therefore, an attempt was made to introduce a simple field test method.  

 

Ultrasonic pulse velocity is used to measure properties of hardened concrete, because pulse velocity of a concrete 

sample depends on its elastic modulus and density.  Since properties of fresh concrete such as elastic modulus changes 

with time, the ultrasound pulse velocity was used to monitor the change of stiffness of fresh concrete with time.   
 

Based on the test results of the experimental investigations, it was found that the more realistic initial setting time of 

concrete is the onset time of the penetration resistance of mortar measured in the standard penetration test. This was 

further verified by a simple qualitative field test where the initial setting time is considered as the latest time that a 

vibrating poker can be inserted into the concrete and removed without leaving a significant trace.  

  

1. Introduction 

Setting of concrete is identified as the transition of 

fresh concrete from liquid phase to solid phase. It is 

important to identify this phase change to plan 

transporting and placing of concrete.  

Current practice of determining initial setting time of 

concrete is based on ASTM C 403[1]. According to this 

standard, initial setting time is identified based on the 
penetration resistance measured on mortar sieved from a 

concrete mixture and it is defined as the time taken to 

achieve a penetration resistance of 3.5 MPa (See Figure1). 

This specified penetration resistance value is an arbitrary 

value and initial setting time measured based on this 

definition does not seem realistic (i.e. about 4 hrs for 

concrete without any set retarders –Figures 17) since in 

practice, concrete sets quicker than that time. Therefore 

the main objective of this research is to identify a test 

method to obtain a realistic value for the initial setting 

time of concrete. 
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Figure 1- Penetration resistance vs. elapsed time [1] 

The practical situation related to delay in placing concrete 

beyond the initial setting time is the formation of cold 

joints. Cold joints are formed when the elapsed time 

between placing of two consecutive layers of concrete 

exceeds the initial setting time of fresh concrete. Cold 

joint is a weak joint which can affect the mechanical 

properties such as shear strength and tensile strength of 

concrete at the joint.  

 

Splitting tensile test is the currently available test method 

to check the tensile strength of the concrete. The test is 
done using cylindrical concrete specimen and by applying 

a diametric compressive force along the length of the 

cylinder until failure. This test method was slightly 

modified for the investigation of cold joints by previous 

researchers [2] considering the difficulty in casting 

mailto:ruwanika.piyasena@gmail.com
mailto:thisara7787@gmail.com
mailto:btdarshi@yahoo.com
tssj
Typewriter
47



NATIONAL ENGINEERING CONFERENCE 2013, 19
TH

 ERU SYMPOSIUM, FACULTY OF ENGINEERING, UNIVERSITY OF MORATUWA, SRI LANKA 

 

 

cylindrical concrete specimens with a cold joint. The 
modified test specimen is a concrete cube with two 

grooves at the two ends of the cold joint. These grooves 

were created using the formwork shown in Figure 2.  By 

inserting “L” angles into the grooves, knife edge loading 

can be applied along the tip of the groove as shown in 

Figure 3 using a compression testing machine. This 

loading arrangement will cause splitting tensile failure of 

the specimen.  

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
There are no standard test methods to determine the shear 

strength at a cold joint in concrete. However, test methods 

have been developed to evaluate the effect of a new layer 

over an older layer of concrete. In the test method 

developed by Ray et al [3],  a ‘‘butterfly double wedge” 

type symmetrical specimen was used with notches around 

the interface periphery (see Figure 4). This was to give 

the shearing action, at the joint when applying vertical 

loading. 

 
        Figure 4- Butterfly double wedge specimen [2] 

This apparatus was slightly modified by the previous 

researchers to evaluate the shear strength at a cold joint 

[2]. In the previous research, cubes were cast with 

different time lags between placing of two concrete layers 

and then checked for shear strength. As shown in Figure 

5, applied vertical load causes shear failure at the joint 
due to the arrangement of the application of load.  

  
 

 

 
 

Figure 5- Application of load in shear strength test [2] 

 

According to the literature [2], both the tensile and shear 

strength vary significantly across cold joints which can be 

formed due to excessive delay (i.e. beyond initial setting 

time) in placing concrete between two consecutive 

concrete layers. Therefore, to evaluate the initial setting 

time of concrete, tests on properties of cold joints (i.e. 

tensile strength and shear strength) were selected. 

  

Ultrasonic pulse velocity is widely used to measure 
properties of hardened concrete, because pulse velocity of 

a concrete sample depends on its elastic modulus and 

density. Normally, the use of this method to determine the 

properties of fresh concrete is rare. However, it is possible 

to use this method to detect the change of properties of 

fresh concrete such as elastic modulus with time.  

 

Valič [4] presented a new apparatus, method, and some 

application examples for monitoring the hydration process 

of cementitious materials by the pulse-echo ultrasonic 

wave reflection method. Reinhardt [5] evaluated changes 
in the material properties associated with concrete aging 

by using the velocity of elastic waves, energy, and 

frequency distribution of obtained waves. The ultrasonic 

wave transmission method was used in these studies. 

Researchers have also suggested some methods based on 

ultrasonic wave transmission measurements for 

identifying characteristic times in the hydration of 

cement. The apparatus shown in Figure 6 has been used 

as the container for the experiments by Chotard [6]. 

According to Chotard [6], important transition points in 

the ultrasonic pulse velocity (UPV) curve can be 

determined at the intersections of three straight lines 
tangent to the curve (See Figure 6). The range they 

considered in the graph shown in Figure 6 is for the final 

setting time. An ultrasonic monitoring system has been 

used successfully to measure the UPV of both mortar and 

concrete immediately after mixing. This method 

demonstrated a great practical advantage when compared 

with the conventional method of penetration resistance 

because it could be conducted directly on concrete rather 

than on sieved mortar. 

Figure 2- Formwork arrangement and tensile test 

specimen [2] 

Figure 3- Application of load for tensile 

strength test 
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IST= Initial Setting Time 

Figure 6- Apparatus to determine the final setting time of 

HPC and UPV vs. delayed time graph [7] 

Therefore it was decided in this research to monitor the 

change of stiffness of fresh concrete with time and 

thereby measuring the initial setting time of fresh 

concrete.  . 

 

Since these methods are not possible to perform under site 

conditions, a qualitative field test to determine initial 

setting time under site conditions is also investigated. 
 

Overall objectives of this research can be summarized as 

shown in Figure 7.  

 
 

IST= Initial Setting Time  

 
Figure 7- Overall objective of the research 

 

2. Methodology  

2.1 Materials and Mix Proportions 

 

Grade 30 concrete with a reasonable workability (slump 

range of 60mm to 180mm) was selected for this study. 

For the purpose of eliminating the effects from moisture 

variation, both fine aggregate and coarse aggregate were 

used in a dry condition. Mix design was done according 

to the BRE (DoE) mix design method [8]. Sieve analysis 

was conducted for fine aggregate and it was found that 

fine percentage passing through 600µm is 44% and thus 

proportion of fine aggregate is obtained as 42% of total 
aggregate content. Mix proportion for the selected grade 

of concrete is given in Table 1. 

 

 

 

Table 1- Concrete mix proportion 

Concrete Grade 30 

Water cement ratio 0.54 

Cement (kg/m3) 380 

Fine aggregates (kg/m3) 763 

Coarse aggregates (kg/m3) 1053 

Water (kg/m3) 205 

 

 

2.2 Evaluation of Mechanical Properties at Cold Joints 

 

Tensile strength test 

The experimental method used in the investigation of cold 

joints by Jatheeshan et al. [2] was used. The test specimen 

is a concrete cube with two grooves at the two ends of the 

cold joint. These grooves were formed by using formwork 

shown in Figure 8. 

 

Figure 8- Form work arrangement and casting cubes for 

tensile test  

Cubes were cast with joint at its mid depth between the 

tips of grooves. Figure 9 shows the steps of preparation of 

cubes with cold joints. Placing of the new layer was 

delayed up to five hours with one hour time intervals. 

Three samples were used for each delay time. 
 

 

Figure 9- Preparation of cubes for tensile test 

While casting cubes, much attention was given to 

compaction method. One series of experiments was done 
using cubes cast without vibrating two layers together. 

This was done to represent the worst case in placing of 

concrete. Compaction was done using a poker vibrator. 

Another series of tests were done for the cubes cast with 

vibrating two layers together. This was done to simulate 

the actual site conditions. For this series, a vibrating table 

IST 
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was used to compact both concrete layers together since 
at preliminary trials it was identified that inserting poker 

vibrator into small amount of concrete (concrete cube) 

does not reflect the actual effect of vibration.  

 

Seven-day tensile strength of the test cubes was obtained 

by testing cubes in the compression testing machine as 

shown in Figure 10.  The failure load was measured for 

each cube and the variation of tensile strength obtained at 

the joint with the elapsed time of casting the second layer. 

 

 

 

 

 

  

 

 

Shear strength test 

The apparatus used for the evaluation of shear strength at 

cold joint by Jatheeshan et al. [2] was used. Cubes were 

cast in the same manner as in the tensile test, but without 

grooves. Vertical load was applied as shown in Figure 11 

and the variation of shear strength obtained at the cold 
joint with elapsed time of casting the second layer. 

 

 

 

 

 

2.3 Penetration Resistance Test 

  While casting cubes to check the shear and tensile 

strengths at joints, penetration resistance test was also 

conducted according to the specification of ASTM 403C. 

A representative mortar sample is obtained by sieving 

fresh concrete mix using 4.75 mm sieve. Three containers 

(bucket with dimensions of 150 mm height and 150 mm 

diameter) were filled with sieved mortar mix. Then the 

containers with mortar were left for several minutes in an 
inclined position and bleed water accumulated at the 

surface of each specimen was removed using a pipet. 

Then a needle of appropriate size was inserted into the 

mortar, depending on the degree of setting of the mortar. 

At the start, a needle with the largest diameter was used 

and subsequently needles of smaller diameters were used 

with the stiffening of mortar. The diameters of standard 

size of the needles used are 28.66 mm, 20.28 mm, 14.32 

mm, 9.1 mm, 6.38 mm, and 4.52 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gradually and uniformly a vertical force was applied 

downwards until the needle penetrates the mortar to a 

depth of 1 inch in 10s. The dial gauge reading was then 
recorded. Recorded dial gauge reading was converted to 

force by using a calibration chart. The relevant 

penetration resistance was then calculated by dividing it 

from the contact area of the particular needle. The time of 

application force was measured as the elapsed time after 

the initial contact of cement and water. Finally the graph 

of penetration resistance verses the elapsed time was 

plotted and the time corresponding to the penetration 

resistance value of 3.5 MPa (500psi) was obtained. This is 

the initial setting time of fresh concrete as defined in the 

ASTM 403C specification. The penetration resistance 

value corresponding to the predicted initial setting time by 
the tensile strength test at cold joint was also identified 

using the same graph. 

2.4 Ultrasonic Pulse Velocity Test 

    Freshly mixed concrete was poured into a mould and 

compacted. Probes of the ultrasonic pulse velocity tester 

were placed at the two opposite sides of the container 

filled with fresh concrete (Figure 13). The pulses were 

allowed to propagate through the specimen and the 

transmit time was measured at a regular time interval and 

the corresponding transmission velocities were calculated.  

 
 

 

 

 

 

 

 

 

 

Figure 10- Testing for seven days tensile test at cold 
joint 

Figure 11 – Testing for shear strength at cold joint 

Figure 12-Standard penetration resistance 
apparatus 

Figure 13- Ultrasonic pulse velocity test 
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2.5 Field Test 

A 200 mm deep cylindrical container (Diameter = 

360mm) was filled with fresh concrete and compacted. 

Poker vibrator was inserted at a constant rate into fresh 

concrete at pre-marked locations at approximately 10 

minutes time intervals and vibrated for 10 seconds. Then 
the vibrating porker was slowly taken out and the earliest 

time at which the poker leaves a trace on the fresh 

concrete surface was identified (See Figure 14). This test 

can be conducted at construction sites for a sample of 

freshly mixed concrete. 

 

Figure 14-Field test 

3. Results and Discussion 

3.1 Evaluation of Mechanical Properties at Cold Joints 

 

Tensile strength test 

 
 

Figure 15-Tensile strength test results and corresponding 

penetration resistance test results 

  
 

Shear strength test  

 

Figure 16- Shear strength test results and corresponding 

penetration resistance test results 

 

Test results shown in Figure 15 and 16 are corresponding 

to cubes cast by vibrating two layers together. From 

Figure 15, it can be seen that the rate of change of tensile 

strength after 1 hr time lag in casting the second layer is 
significant. There is also a drop in shear strength during 

that time lag (See Figure 16). These test results indicate 

that the initial setting time is approximately 1 hr.  

 

 

 

 

Initial setting time obtained according to the standard 

penetration resistance test (Time corresponds to 3.5MPa 

(500psi) penetration resistance) is 235 minutes (3.9 

hours). It does not correspond to the time range identified 

from the tensile and shear strength test (i.e. 1 hour). It is 
important to note that the penetration resistance during 

this time period is nearly zero (See Figure 17). 

 

Figure 17-Standard penetration test results 
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Ultrasonic pulse velocity test 

 

According to Figure 18, ultrasound pulse velocity attains 

a constant value after 80 minutes. It could be considered 

as the point where the undulation of velocity tends to 

seize as a result of setting. Therefore, according to this 

test method, it can be taken as the initial setting time of 

fresh concrete. This identified value (80 minutes) is close 

to the previously identified time range (based on tensile 

strength and shear strength at cold joints) for initial 

setting time, i.e. 1 hour. 

 

Field Test 

From the field test it could be identified that the poker 

vibrator leaves a significant trace after 75 minutes (see 

Figure 19) which is close to time period given by 

ultrasonic pulse velocity test.  The main drawback of this 

test is that the identification of the trace of the poker by 

observation is highly biased by personal judgment. Rate 

of inserting and withdrawing the poker may also influence 

the result since it is done manually. Therefore an 
improved arrangement is suggested to hold and insert the 

poker vibrator into the concrete sample as shown in 

Figure 20.  

 

  

 

 

 

 

 

 

 

 

 

4. Conclusions 

Based on the test results of the experimental investigation, 

it can be seen that there is a significant variation of tensile 

and shear strength across the joint (joint created by 

mixing two layers together) produced with a delay time of 

more than 1 hour and it is mainly due to formation of cold 

joints. Cold joints are formed when the time delay of 

laying two consecutive layers of concrete exceeds the 
initial setting time of concrete. Therefore the initial 

setting time of the concrete tested should be in the range 

of 1 hour after mixing of concrete. The penetration 

resistance measured by the standard penetration resistance 

test conducted for the same concrete mix is approximately 

zero during that period. Therefore it can be concluded that 

the more realistic initial setting time of concrete is the 

onset time of the penetration resistance of mortar sieved 

from concrete.  

Ultrasonic pulse velocity test method was found to be 

effective in monitoring the stiffening of fresh concrete 
without distributing it as in the standard penetration test. 

Based on the variation of UPV with time, it is possible to 

identify the initial setting time of fresh concrete.  

A field test was also recommended to determine the initial 

setting time of fresh concrete. According to this method, 

the initial setting time can be considered as the latest time 

that the vibrating poker can be inserted into the concrete 

and removed without leaving a significant trace. 
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Figure 18-UPV test results 

Figure 19- Field test results 

Figure 20- Suggested field test apparatus 
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