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Abstract: This paper presents information on a newly developed test method of non-destructive type 
called “twist-off” test, which can be used for investigations in to in-situ concrete strength of structures 
built and used under different circumstances. The twist-off test is a near-to-surface method in which a 
circular steel disc is glued to the surface of the concrete with an epoxy or polyester resin. The force 
required to twist this disc off the surface, together with an attached layer of concrete, is measured. 
Ordinary torque-wrench is used for this purpose. In order to make the applicability of the use of this 
new method as wide as possible, eight different concrete mixtures with design compressive strengths 
of 10-75 MPa were exposed to six different curing regimes and the correlations between their twist-off 
and compressive strengths are discussed. 
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INTRODUCTION 

 
 Non-destructive testing of hardened concrete that forms a laboratory specimen or part of a structure, 
structural component or other type of engineering construction provides valuable information if the available 
methods are used with an under-standing of what they can, and cannot, achieve. Some tests cause varying 
degrees of localized damage or defacement and may therefore be considered partially destructive; these methods 
are all defined as non-destructive. All the tests can be performed on the concrete as cast and do not require the 
removal of samples for subsequent analysis or testing [BS 1881-201: 1986]. 
 The twist-off test that is discussed in this paper is a near-to-surface method in which a circular steel disc is 
glued to the surface of the concrete with an epoxy or polyester resin. The force required to twist this disc off the 
surface, together with an attached layer of concrete, is measured. Ordinary torque-wrench is used for this 
purpose. The twist-off method offers significant advantages of speed, cost, simple and cheap and portable 
equipment and lack of damage in comparison with test methods which require the removal of a sample for 
subsequent examination. These factors will permit more extensive testing and thus enable an investigation to be 
wider ranging with respect to the concrete structure under examination than would otherwise be possible. The 
immediate availability of results may also be an important advantage of this method. 
 Unlike some of the non-destructive testing methods in which, the required property is not measured directly 
and precise correlations are not always easy to achieve, the Twist-off test measures the strength of concrete by 
fracturing a bit of the concrete surface under test.  
 The twist-off test may be applied to both new and existing structures. For new structures, the principal 
applications are likely to be for quality control or resolution of doubts about the quality of materials or 
construction. Testing of existing structures will usually be related to an assessment of structural integrity or 
adequacy. The twist-off method is useful for: quality control; removing uncertainties about the acceptability of 
the material supplied owing to apparent non-compliance with specifications; confirming or negating doubt 
concerning the workmanship involved in batching, mixing, placing, compacting or curing of concrete; 
monitoring of strength development in relation to formwork removal, cessation of curing, pre-stressing, load 
application or similar purposes; and increasing the confidence level of a smaller number of destructive tests. 
 It is believed that, the most serious variations in concrete strength are due to batching errors, variation in 
mixing, cement quality variations, variation in the degree of compaction, variations in curing and variation 
associated with testing. Among these sources of variations, in situ curing affect on a structure is considered by 
some to be the most uncertain aspect when deriving potential strength estimates [Cather, R. (1992), CIRIA, 
(1996)]. 
 Curing is the process of controlling the rate and extent of moisture loss from concrete during cement 
hydration. It may be either after it has been placed in position (or during the manufacture of concrete products), 
thereby providing time for the hydration of the cement to occur. Since the hydration of cement does take, time – 
days, and even weeks rather than hours – curing must be undertaken for a reasonable period if the concrete is to 
achieve its potential strength and durability. Curing may also encompass the control of temperature since this 
affects the rate at which cement hydrates. 
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 ACI 308R [2001]  defines two phases of curing. The initial curing period is the time between when concrete 
is placed and when final curing operations can be initiated. Final curing operations typically cannot be applied 
during this period because one or more properties of the concrete are not suitably developed, and the concrete 
could be damaged. The objective of curing activity during the initial curing period is to prevent excessive loss of 
mixing water from the plastic concrete, which can lead to plastic shrinkage cracking. The final curing period is 
the time between application of final curing procedures and the cessation of deliberate curing activity. The 
objective of curing activity during this period is to insure that necessary water is either retained or added and 
that temperature is maintained within a range that the hydration of the cementitious materials can progress 
sufficiently for development of necessary physical properties and that temperature is controlled sufficiently to 
avoid damaging thermal gradients. 
 Research on the effect of duration of curing on resistance of the near-surface zone found that the 
detrimental effects of poor curing were limited to the top 40 mm of concrete [Hooton, R.D., Geiker, M.R., and 
Bentz, E.C., 2002]. 
 It is also found that the effect of curing regimes on strength is highly influenced by the exposure 
environment. Noticeable difference in the influences of the curing methods has been observed for indoor 
samples only. Moreover, strength of samples stored in the outdoor environment has exhibited lower results than 
those stored indoors for all curing regimes [Bushlaibi, Ahmed H.,  Alshamsi, Abdullah M. 2002]. 
 Curing may be applied in a number of ways and the most appropriate means of curing may be dictated by 
the site or the construction method. 
 Curing by preventing excessive loss of moisture from the concrete either by leaving formwork in place, 
covering the concrete with an impermeable membrane after the formwork has been removed, by the application 
of a suitable chemical curing agent or by a combination of such methods, is a normal practice. Curing by 
continuously wetting the exposed surface thereby preventing the loss of moisture from it is normally used where 
the drinking water is available. Pounding or spraying the surface with water are methods typically employed in 
concrete industry. There are also methods that keep the surface moist and, at the same time, raise the 
temperature of the concrete, thereby increasing the rate of strength gain. These methods called steam curing are 
typically used for precast concrete products [ACI (2001), ASTM (1998), AASHTO (1998)]. 
 Both the British standard [BS (1997)] and the European standards [Euro-International Committee for 
Concrete (1990), EN 206 (1997)] account for climatic conditions during curing. Both use relatively non-
quantitative measures, such as amount of direct sun (none, medium, and strong) and wind (low, medium, and 
high), but there is quantitative guidance on relative humidity (RH), with RH less than 50 percent being severe, 
RH between 50 and 80 percent being moderate, and RH greater than 80 percent being mild. 
 In order to make the applicability of the twist-off test as wide as possible in converting a result of this 
method to an equivalent cube result, it was decided to investigate the twist-off/compressive strength 
relationship. Effect of six different curing environments namely: complete saturation (water tank), covering with 
wet hessian (jute) and polythene sheet, dry laboratory conditions, open air, and steam curing on this relationship 
was considered. 
 The twist-off test, which is proposed and developed by the author, is shown in Fig. 1. This method involves 
the bonding of a 40 mm diameter metal probe to the surface of concrete under test, by means of a high strength 
epoxy or polyester resin adhesive. When the glue has cured sufficiently, an ordinary torque wrench is used to 
apply a slowly increasing torsional force. Loading is continued manually until the concrete fails in torsion. The 
peak load is recorded and the twist-off torsional shear strength of the concrete is calculated in relation to the area 
of the probe’s bonded surface. 

 
Fig. 1: Twist-off method. 
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Specimen Preparation and Test Procedure: 
 Concrete cubes with 150 mm dimensions were prepared using aggregates and mix designs shown in Tables 
1, 2, 3 and 4. After casting, specimens were left covered with a plastic sheet. After removal from the moulds at 
24 h of age, concrete specimens were cured under one of the following conditions: 
• Water curing: specimens immersed in drinking water at 20 ± 2 o C until the age of testing. 
• Covering with wet hessian and polythene sheet: twenty-four hours after casting the specimens were covered 
with wet hessian and polythene sheet 20 ± 2 o C. 
• Coating with chemical curing agent: the specimens were coated with a chemical curing agent 20 ± 2 o C. 
• Dry laboratory curing: specimens were air cured in a laboratory environment with temperature and relative 
humidity controlled at 20 ± 2 o C and 40-70% respectively. 
• Open air curing: specimens were cured outside the laboratory under atmospheric conditions with a daily 
average temperature and relative humidity of 17-25 o C and 25-55% respectively. 
• Steam curing: specimens were steam cured in steam chamber for three days. Due to the detrimental effects of 
exposing fresh concrete to steam curing, on properties of the hardened product, the steam curing started at the 
age of 24 hours [Selcuk Türkel, Volkan Alabas (2005)]. 
 
Table 1: Coarse aggregate sieve analysis (smaller than 1 in). 

Cumulative percentage passing Percentage retained Mass retained (g) Sieve size 
100.0 0 0 1 in 
90.7 9.3 166.5 ¾ 
65.4 25.3 425.1 ½ 
33.1 32.3 577.6 3/8 
1.3 31.8 568.6 #4 
1.0 0.3 5.7 #8 
0.0 1.0 18.2 Pan 

 
Table 2: Coarse aggregate sieve analysis (smaller than 1/2 in). 

Sieve size Mass retained (g) Percentage retained Cumulative percentage passing 
1/2 in 0 0.0 100.0 

3/8 23 1.1 98.9 
#4 1824 92.3 6.6 
#8 85 4.3 2.3 
#16 6 0.3 2.0 
#30 5 0.3 1.7 
#50 5 0.3 1.4 

#100 5 0.3 1.1 
Pan 23 1.1 0.0 

 
Table 3: Fine aggregate sieve analysis. 

Cumulative percentage passing Percentage retained Mass retained (g) Sieve size 
100.0 0.3 5.0 3/8 in 
79.9 19.8 276 #4 
53.1 26.8 373 #8 
35.5 17.6 245 #16 
22.8 12.7 177 #30 
13.8 9.0 125 #50 
6.3 7.5 104 #100 
0.0 6.3 88 Pan 
3.89 Fineness modulus =   

Fineness modulus for fine aggregate smaller than #4 sieve size = 3.35 
 
Table 4: Mix proportion of eight different concrete mixtures. 

Mix 
number 

Cement 
(kg/m3) 

Water 
(kg/m3) 

W/C 
ratio 

F. Agg. 
(kg/m3) 

C. Agg. 
(kg/m3) 

Agg./cement 
ratio 

 

Super 
plasticizer 

(kg/m3) 

Silica 
Fume 

(kg/m3) 
1 250 205 0.82 1227 661 7.55 0 0 
2 360 205 0.57 1050 730 4.94 0 0 
3 435 205 0.47 962 740 3.91 0 0 
4 512 205 0.40 895 730 3.17 0 0 
5 603 205 0.34 820 715 2.55 0 0 
6 574 195 0.34 651 937 2.77 0 0 
7 556 130 0.23 685 937 2.92 7.85 0 
8 513 130 0.25 685 1080 3.44 7.85 43 

 
 Except for the cubes cured under steam, which were tested at the age of three days, the twist-off strengths 
of the specimens cured under other curing regimes were measured at the age of 28 days. 
 It should be noted that in order to carry out the twist-off tests, concrete cubes were kept under dry 
laboratory conditions 48 hours before testing was due, and allowed to dry. This was because the cubes had to be 
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dried for the adhesive to cure sufficiently. After 24 hours of drying, the probes were bonded to the concrete. 
After mixing the components of the glue, the concrete surfaces intended for twist-off tests were abraded with a 
coarse sand paper to increase the contact area for the adhesive and remove the laitance. The excess dust was 
then blown off and the surface was cleaned using a rag. The probe was then pressed firmly against the cube and 
the excess glue was removed with a spatula. After sufficient hardening of the glue, the twist-off test was carried 
out by attaching a conventional torque wrench to the free end of the probe. The torque wrench carries a device 
capable of measuring the magnitude of the torque applied to the probe. 
 To measure the strength of the concrete, the torque wrench is manually operated to turn the probe to 
fracture the hardened concrete. The maximum torque required to fracture the concrete is then recorded and the 
failure shear stress is calculated using the shear stress/torque relationship. 
 The twist-off strength can be measured at any desired surface of the concrete if the probe is kept in place 
until the epoxy glue has gained sufficient strength for testing. Application of the required torque is accomplished 
manually and is within the capability of average adults. Any rupturing of the concrete during the test takes place 
on the surface, and the damage is trivial and can be repaired by hand using sand/cement mortar. All test results 
were adopted as the mean of at least four individual test results.  
 The compressive strengths of the cubes were obtained in accordance with BS 1881 [BS(1983)]. 
 

RESULTS AND DISCUSIONS 
 
 In order that the form the best-fit lines could be ascertained, results of all the calibration tests were 
tabulated. In order that the form of the subsequent graphs, (of cube compressive strength plotted against twist-
off strength), could be seen clearly it was decided to plot the average of the cube compressive strength against 
individual twist-off results. 
 When scatter graphs were plotted it appeared that the most suitable calibration graphs (linear or curved) 
would depend on the method of curing regime that was employed for curing of the cubes. Having drawn the 95 
percent confidence limits on the calibration graphs, gave an indication that a linear correlation would be suitable 
in most cases. 
 From this information it was apparent that the most suitable calibration graphs, for use for normal strength 
concrete (up to 50 MPa) would be linear, especially in view of the obvious advantages of having simple 
calibration factors, each suitable for all strengths of concretes cast and cured under different circumstances. As 
the straight lines were chosen purely to provide the best fit for the data there was no guarantee that they would 
pass thorough the origin, even though it was obvious that they should. In fact, all of the lines had a small 
intercept.  
 It should be noted that normally the confidence limits to a fitted straight line would be curved, i.e. closest to 
the line at the centre of the data and curving upwards towards the ends. This is to account for the two types of 
errors in the line. One of these sets of errors is in the estimated centre of the data and the other errors are in the 
slope of the best-fit line thorough the centre of the data. 
 In our case, as there was only one possible straight line joining the centre of each set of data, to the origin, 
the second type of error did not apply. Thus, it was appropriate to use straight confidence intervals fanning 
outwards from the origin. 
 It was decided that, to finally establish the suitability of linear calibration graphs, all of the lines should be 
re-determined with the condition that they pass through the origin, as illustrated in Figs. 2 -7. It should be noted 
that this restraint had a negative effect on the coefficient of correlations. Therefore, it was,   decided that all of 
the calibration graphs, should be linear.  
 As seen from Figs. 2-7, the calibration factors i.e. cube compressive strength divided by the twist-off 
strength, for concrete left in open air (Fig. 7) with the magnitude of 7.099 appears to be the highest calibration 
factor. This indicates that compared with standard curing (i.e. Immersion of cubes in drinking water – Fig. 2) 
air-drying reduces the surface strength of concrete by about 8 percent. The results were also found to be more 
scattered in the case of both laboratory and open air-cured concrete. Further comparison of the calibration 
graphs shown in Figs. 2-7 reveals that as far as the surface strength of concrete is concerned, the steam curing is 
the most effective curing method because the calibration factor of Fig. 5, with the magnitude of 5.72 is the 
lowest among the six curing regimes considered. 
 Calibration graphs of Figs. 2-7 indicates that curing concrete by “water immersion”, “covering with wet 
hessian and polythene sheet” and “coating with curing agent” produces similar calibration factors that can be 
used to estimate the equivalent cube compressive strength of in situ concrete from the twist-off results. 
Compared with water immersion curing, it can be seen from Fig. 6 that like open air curing, dry laboratory 
condition also reduces the surface strength of concrete by about 4 percent. Detailed examination of the results 
tends to indicate that with air-cured concrete, increasing the strength of concrete tends to reduce the strength 
differences measured. In this regard, it was seen that while for higher W/C ratios (i.e. weaker mixes), the 
reduction in surface strength was recorded to be over 50 percent; the respective reduction in surface strength for 
strongest mix tested was about 20 percent. 
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Fig. 2: Correlation between 28 day compressive and twist-off strengths of concrete cubes immersed in drinking 

water, with coefficient of correlation=0.9578.  
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Fig. 3: Correlation between 28 day compressive and twist-off strengths of concrete cubes covered with wet 

hessian and polythene sheet, with coefficient of correlation=0.950.  
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Fig. 4: Correlation between 28 day compressive and twist-off strengths of concrete cubes coated with curing 

agent, with coefficient of correlation=0.943. 
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Fig. 5: Correlation between 4 day compressive and twist-off strengths of steam cured concrete cubes, with 

coefficient of correlation=0.921.  
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Fig. 6: Correlation between 28 day compressive and twist-off strengths of concrete cubes kept under dry-

laboratory conditions, with coefficient of correlation=0.965. 
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Fig. 7: Correlation between 28 day compressive and twist-off strengths of concrete cubes kept in open air, with 

coefficient of correlation=0.959. 
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Fig. 8: Correlation between compressive and twist-off strengths of concrete cubes cured under different 

circumstances, with coefficient of correlation=0.947. 
 
 Compared with overall strength of the concrete cubes their surface strengths appeared to be the highest 
when steam cured and the lowest when left in open air. The reason for this may be the lower hydration of 
cement when kept under dry environments compared with the immersion in water as curing system. Using 
petrographic methods some researchers have found that the concrete cured at 20 °C water for 28 days had a 
higher degree of cement hydration and lower capillary porosity than did the concrete cured in water of the same 
temperature for 7 days followed by exposure to outdoor air for 21 days [Zhang, Shuqiang., Zhang, Minhong 
(2006)]. 
 Compared with the air-cured concretes, the reduction in surface strength of concrete cubes coated with 
curing compound seemed to be lower. This is said to be mainly due to the lower evaporation associate with 
coating system compared with the dry conditions [McCarter, W. J., Ben-Saleh A. M. (2001)]. 
 Compared with water immersion curing, concretes that were steam cured for the period prior to testing, 
where the average ambient daily temperature varied in the range of 20 to 45ºF, resulted in reductions of surface 
strength by about 40 percent for the weakest mix and 25 percent for the strongest mix. However, the strength 
reductions for intermediate mixes were about 20 percent. It is believed that both high initial and subsequent 
curing temperatures of concrete induce decreases in concrete strength because when initial temperatures are 
increased, the bulk paste seems amorphous, with a local poorly textured morphology. Moreover, it is reported 
that with high curing temperatures, air voids and capillaries can be seen close to the paste-aggregate interface 
and promote crystallization [Mouret, M. , Bascoul, A., Escadeillas, G. (1999)]. Furthermore, some researchers 
have found that steam-cured concretes are more porous compared with standard-cured specimens [Ho, D. W. S., 
Chua, C. W.,  Tam, C. T. (2003)]. It is also reported that steam curing reduces the compressive strength slag 
concrete compared to the other curing types [Aldea, Corina-Maria., Young, Francis ., Wang, Kejin., P. Shah, 
Surendra (2000), Manikandan, R.,  Ramamurthy, K.,  (2008)]. 
 Figure 10 shows the correlation between compressive and twist-off strengths of all cubes cured under 
different circumstances. According to this table, in a situation where the actual method and the duration of the 
site curing system is not known, the equivalent cube compressive strength of in situ concrete can be assessed by 
multiplying the in situ twist-off strength of the concrete by 6.53.  
 It is worth mentioning that the final strength of concretes cured under different curing systems differed 
substantially. As it can be seen from Figs. 4-8, while the compressive strength of about 80 MPa was achieved by 
covering with wet hessian plus polythene sheet, strength attained by steam curing was below 60 MPa.  
 Since the accuracy of any testing method is of high importance, the coefficients of variation of different test 
groups were investigated. Due to the high number of groups of tests that were involved, it was decided to 
consider the average coefficients of variation of each method of curing. While the average correlation 
coefficients of twist-off tests conducted on cubes “immersed” and “covered with wet hessian plus polythene 
sheet” was found to be around 5 percent, the respective value for “steam curing” and “coating with curing 
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agent” was recorded to be around 8 percent and.  In this regard dry laboratory conditions and open air curing 
with respective values of about 12 and 17.5 percent produced the highest average coefficients of variation. 
Therefore, it can be deduced that the system of curing employed has paramount effect on the variation of surface 
strength test results that should be differentiated from the variations associated with batching errors, mixing, 
cement quality, degree of compaction and testing. 
 
Conclusion: 
 From the results and discussion presented in this paper, it can be concluded that: 
1. The results of the twist-off test and the related cube testing showed that close relationships existed between 
the twist-off shear and cube compressive strengths of concretes cured under different circumstances. This can be 
valuable in assessing the strength of concrete cast under different circumstances. 
2. The coefficient of correlation of twist-off results was found to be sensitive to the concrete curing system. 
While the results of the “immersion” and “covering with wet hessian plus polythene sheet” showed coefficient 
of variation of about 5 percent, the respective value for “steam curing” and “coating with curing agent” was 
recorded to be around 8 percent.  In this regard dry laboratory conditions and open air curing with respective 
values of about 12 and 17.5 percent produced the highest average coefficients of variation.  
3. Among the curing systems investigated, while steam curing produced the lowest calibration factors, the 
calibration factors relating to air cured concrete (laboratory and open air) were about 8 percent higher than that 
of water immersion curing system. This means that the surface strength of a concrete is affected by the method 
used for its curing. 
4. When using an in situ test method on site the effect of curing system on the variation of the results should be 
taken care of and not to be mistaken by the variations associated with batching errors, mixing, cement quality, 
degree of compaction and testing. 
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