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Abstract
Concrete looses strength when subjected to elevated temperatures 
during an accidental event such as fire and loose substantial amount 
of its strength. The loss of strength in concrete is mainly attributed 
to decomposition of C-S-H and release of chemically bound water, 
which begins when the exposure temperature exceeds 500°C. When 
such a concrete is supplied with water and allowed to recure, it is 
found to recover substantial amount of its lost strength. This work 
is carried out to investigate the effect of recuring on strength gain 
of normal strength concrete specimens (100mm cube) subjected 
to elevated temperatures from 400°C to 700°C, in steps of 1000C, 
for a retention time of two hours at the designated temperatures. 
The concrete cubes are cooled in air, and then temperatures of 
cooled concrete cubes are brought down to room temperature. 
The cooled specimens are then recured for 1, 3, 7, 14, 21, 28, 56 
days and tested for compressive strength recovery.
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I. Introduction
When concrete exposed to elevated temperatures, concrete 
undergoes changes in its mechanical properties such as strength, 
modulus of elasticity, porosity, volume, colour, etc. Several 
studies have been performed to investigate the microstructure 
of fire-damaged concrete and found that water curing provides a 
mechanism for rehydration of calcium oxide and unhydrated cement 
grains that filled the void spaces. It is found out that spraying water 
on the fire damaged concrete is suitable to recover its strength and 
it could reduce the expenses required for rehabilitation of the fire 
damaged concrete structures.
Calcium hydroxide [Ca (OH)2], which is one of the most important 
compounds in cement paste, dissociates at around 530 0C resulting 
in the shrinkage of concrete. Fire is generally extinguished by water 
and CaO turns into [Ca (OH)2] causing cracking and crumbling of 
concrete.  Therefore, the effects of high temperatures are generally 
visible in the form of surface cracking and spalling.  Some changes 
in colour may also occur during the exposure.
The alterations produced by high temperatures are more evident 
when the temperature surpasses 5000C.  Most changes experienced 
by concrete at this temperature level are considered irreversible.  
CSH gel, which is the strength giving compound of cement paste, 
decomposes further above 600 0C. At 800 0C, concrete is usually 
crumbled and above 1150 0C feldspar melts and the other minerals 
of the cement paste turn into a glass phase.  As a result, severe 
micro structural changes are induced and concrete loses its strength 
and durability.
In limestone aggregate concrete, CaCO3 turns into CaO at 800–
9000C, and expands with temperature.  Shrinkage may also start 
due to the decomposition of CaCO3 into CO2 and CaO with volume 
changes causing destructions.  Consequently, elevated temperatures 

and fire may cause aesthetic and functional deteriorations to the 
buildings.
Long-term performance of structures has become vital to the 
economies of all nations. Concrete has been the major instrument 
for providing stable and reliable infrastructure. 
Deterioration, The deterioration of strength when subjected to 
elevated temperatures is due to unequal volumetric changes 
between cement paste and aggregates coupled with deterioration 
of hydration products like calcium hydroxide and calcium silicate 
hydrates.
For exposure temperatures up to 400°C the strength deterioration is 
not significant, the compressive strength of concrete drops slightly 
first and then goes up a little. For exposure temperatures above 
400°C the compressive strength tends to fall drastically and the 
residual strength after 800°C exposure may be only 20% of its 
ambient strength (Jianzhuang Xiao et.al, 2004, Arioz, 2007).
At 600°C the decomposition of C-S-H gel is associated with 
significant reduction in strength where the cement paste loses its 
binding property due to release of physically and chemically bound 
water. This results in significant reduction of strength. 
Possibility of using the large amounts of industrial waste materials 
such as slag, fly ash, silica fume, and rice husk ash etc., which 
otherwise are being used for land-fills or used as aggregates or 
fillers in concrete, in development of alternate binder systems are 
also of economic and ecological significance.  Thus, over the last 
two decades, the study of GGBS concrete has remained as one of 
the green areas of research.

II. Materials

A. Cement
The following tests are conducted to find the properties of cement 
and the results are tabulated.
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Table 1:  Test Results of Cement

Sl. 
No Test conducted Results obtained Requirements as 

per I.S Remarks

1 Specific gravity 3.10 -- Brand: ULTRA TECH 43

2 Normal 
consistency 31% -- Manufactured

W M Y
47 11 2011

3 Setting times,
(minutes)

Initial  65 Not less than 30 
min

Satisfies codal requirements

Final  270 Not more than 
600 min

4 Fineness  (m2 /Kg) 330 Not less than 300 
m2/Kg

5 Soundness  (mm) Expansion: 2.50 Not more than 
10 mm

  6
Compressive 
strength (MPa)

3 
day

7 
day

28 
day

3 
day

7 
day

28 
day

34 51 61 36 46 62

B. Fine Aggregate
Table 2: Properties of Fine Aggregate

FINE AGGREGATE
1 Specific gravity 2.65

2 Bulk 
density

Loose 1530Kg/m3

Compact 1760Kg/m3

3 Moisture content Nil

C. Coarse Aggregate
Table 3: Properties of Coarse Aggregate 

COARSE AGGREGATE(12.5mm down 
size)
1 Specific gravity 2.68

2 Bulk 
density

Loose 1440Kg/m3

Compact 1600Kg/m3

3 Moisture content Nil
COARSE AGGREGATE(20mm down 
size)
1 Specific gravity 2.71

2 Bulk 
density

Loose 1450Kg/m3

Compact 1700Kg/m3

3 Moisture content Nil

D. Mineral Admixture
Table 4: Properties of GGBS
Chemical properties of GGBS
Composition Amount (%)
CaO 40

SiO2 35

Al2O3 12

Fe2O3 0.2
MgO 10.0
Physical Properties of Silica fume
Specific gravity 2.9

Table 5. Properties of Silica Fume
Chemical properties of Silica fume
Composition Amount (%)
CaO 0.5

SiO2 90.7

Al2O3 0.7

Fe2O3 2.2

MgO 1.5
Physical properties of Silica fume
Specific gravity 2.22



IJEAR Vol. 4, IssuE spl-2, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research   61

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

III. Experimental Program

A. General 
This experimental study describes the methodology and various 
steps involved in casting of specimen, exposure of specimen to 
elevated temperatures, air cooling, recuring and destructive testing 
of specimen.

B. Methodology
The various steps involved in carrying out this work is as given 
below.

Concrete, namely M40 grade with OPC, same grade concrete • 
with 30% replacement of OPC by GGBS and same grade 
concrete with 30% of replacement of OPC by 25% GGBS 
and 5% by Sillica Fume.  After 28 day knowing strength of 
trial mixes the optimum mix design will be incorporated in 
the experimental study.
Casting of (288+50) Nos. of 100mm cubes per concrete type • 
were carried out in the Industrial Structures Laboratory.
The concrete is placed in the moulds and which were then • 
compacted   thoroughly on a vibrating table.
These were then demoulded 24 hours later and placed in the • 
curing tank for duration of 28 days.
After 28 days the samples were removed from the curing tank, • 
the samples were kept in air curing for surface drying and 
weighed to an accuracy of 1gm in the weighing machine.
Specimens were subjected to sustained elevated temperatures • 
for 400oC to 700o C in increments of 100 o C and in each 
case retention period was 2 hour. 
After subjecting to elevated temperature the cubes were • 
gradually cooled in air till to bring down the temperature 
of concrete bring down to 500C for all high temperature 
exposure tests.
After cooling to ambient temperature, weight loss of each • 
dried specimen was taken.
Finally the destructive testing is carried out on dried specimens • 
to estimate the residual strength. 

B. Specimen Preparation
Mix based on the concrete mix design trials, it is planned to cast 
100mm concrete cubes with grade M40 .Proportions are listed 
in table

Table 6: Mix Proportion of OPC Concrete for Experimental 
Study

Water
(Kg/m3)

Cement
(Kg/m3)

Fine 
Aggregate
(Kg/m3)

Coarse Aggregate
(Kg/m3)

12.5mm 20mm

165 390 639.2 301.25 903.75
0.42 1 1.639 0.7725 2.3175

Admixture Brand ‘Conplast 430’ used @ 6ml/Kg of cement
75% of CA (12.5mm) = 0.75×3.090=2.3175
25% of CA (20mm) = 0.25×3.090= 0.7725
Slump Measured= 55mm

Table 7: Mix Proportion of GGBS Concrete in for Experimental 
Study

Water
(Kg/m3)

Binder
(Kg/m3) Fine

Aggregate
(Kg/m3)

Coarse
Aggregate
(Kg/m3)

Cement GGBFS 12.5 
mm

20 
mm

165 273 117 638.04 900.9 163.8

0.42 0.7 0.3 1.636 0.771 2.31

Table 8: Mix Proportion of GGBS and Silica Fume Concrete for 
Experimental Study

Water
(Kg/
m3)

Binder
(Kg/m3) Fine

Aggregate
(Kg/m3)

Coarse 
Aggregate
(Kg/m3)

OPC GGBS SF 12.5 
mm 20 mm

165 273 97.5 19.5 638.04 900.9 300.69
0.42 0.75 0.25 0.05 1.636 0.771 2.310

Table 9: No. of Specimens to be Tested for Different Elevated 
Temperatures and Recuring Period

Temp
(0C)

Recuring Period (Days)

None 1 3 7 14 21 28 56

4000C 3 3 3 3 3 3 3 3

5000C 3 3 3 3 3 3 3 3

6000C 3 3 3 3 3 3 3 3

7000C 3 3 3 3 3 3 3 3

Retention period – 2 Hour
OPC Concrete Cubes required for exposure -3*8*4= 96 No.s
OPC Partly replaced with GGBS Concrete Cubes - 3*8*4= 96 
No.s
Extra 57 (19 for each mix) concrete cubes were cast for repetition in 
case if any results were found to be erroneous or if some specimen 
gets damaged. Total concrete cubes were cast. Out of 230 concrete 
cubes 115 cubes of OPC concrete and 115 cubes of 70% OPC + 
30% GGBBFS binder concrete.
Exposure to elevated temperatures:
As mentioned earlier totally 345 Nos. of specimen were cast, in 
which Nos. of cubes were tested for compressive strength.

Fig. 1: Programmable Electric Furnace
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Fig. 2: Arrangement of Specimens in Electric Furnace Before 
Subjecting Them to Elevated Temperatures

Temperature Build-up in Programmed Electric Furnace  
The specimen was placed in the furnace, a target temperature and 
the trend of temperature increase is adjusted using the programmed 
patterns that are pre defined in processor of the furnace and 
temperature increase is noted for every minute till it reaches 
the target temperature. The following figure shows the time v/s 
temperature variation for various elevated temperatures.

Fig. 3: Time v/s Temperature Build-up Curve

Air Cooling
After exposing the cubes to the required temperature, they were 
removed from the furnace and were placed in air to cool till room 
temperature. Fig. 4 shows air cooling specimens.

Fig. 4: Concrete Specimen Subjected to Air Cooling After Having 
Been Exposed to Elevated Temperatures

Test procedure – Compressive strength:
As per IS 516-1959 (reaffirmed 1999). The testing procedure is 
carried out as follows 
1.  The cube specimen are removed from water after 28 days and 
wiped clean. 
2.  They are kept for surface drying in air for around one hour. 
3. The specimen shall be placed under compressive testing machine 
such that the load is applied to the opposite side as cast. 
4. Axis of the specimen is ensured to coincide with the center of 
thrust of the spherically seated plates. 
5. Load is applied gradually at the rate of 140kg/sq.cm per minute 
until the resistance of the specimen breaks down and no more 
loads can be sustained. 
6.  Maximum load applied along with the failure pattern of the 
specimen is observed. 
7.  The procedure is repeated for the rest of the specimen.
8.  Reference was made to the acceptance criteria of Clause 16.1, 
IS 456:2000 in recording results of compressive strength test. 

IV. Results and Discussions 

A. General
In the present investigation, an attempt has been made to study 
the effect of recuring on the compressive strength of concrete 
subjected to elevated temperatures and air cooling. Specimens 
of size 100mm x 100mm x 100mm were subjected to elevated 
temperatures ranging from 400 0C to 700 0C in the increments of 
100 0C with a retention period of 2 hour. Concrete cubes of M40 
grade were cast; 28 day water cured, cube tested by destructive 
testing method for evaluating strength retention characteristics.  
The observations were made on specimens are percentage loss 
in weight, residual compressive strength. 
Loss in weight of the specimen with exposure to elevated 
temperatures and inducing thermal shock
Specimen weights were taken in electronic balance to the accuracy 
of 1gms after 28 day of water curing and were noted and tabulated 
with their identification.  After exposure to various elevated 
temperatures, followed by inducing thermal shock and then after 
making sure that temperature of the specimen is 500C all the 
specimen were dried, loss in the weight of the specimen were 
recorded to determine the percentage loss in weight.
Average percentage loss in weight of concrete cubes exposed to 
various elevated temperatures and after gradually cooled in air 
tabulated in the following tables.
Here concrete with OPC binder is designated as OPC concrete, 
OPC binder partially replaced with 30% GGBFS is designated as 
GGBS concrete, OPC binder partially replaced with 25% GGBFS 
and 5% Silica fume is designated as Silica fume concrete

Table 10: Comparison of Weight Loss for Different Compositions 
at Different Elevated Temperatures 

Temperature 
exposed to,  (ºC) OPC OPC+ 

GGBS
0PC+GGBS
+Silica Fume

400 4.11 4.00 3.91
500 4.46 4.22 4.07
600 4.61 4.53 4.16
700 4.90 4.81 4.2
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Fig. 5: Comparison of Weight Loss for Different Compositions 
at Different Elevated Temperatures

Destructive Testing
Destructive testing of specimen was carried out to determine 
compressive and split tensile strength. These tests are generally 
much easier to carry out, yield more information, and are easier 
to interpret than non destructive testing, which is fairly inferior.
Destructive testing of all specimens was carried out in a universal 
testing machine of capacity 2000kn, as per is: 516-1959. The load 
was applied without shock at a rate of 140 kg/sq.cm/min. a set of 
three cubes were tested for compressive strength for m40 grade. 
The ultimate load reading for each temperature of exposures and 
recuring period were noted down at which specimen fails. The 
maximum load applied divided by its cross sectional area gives 
the compressive strength. Linear average was calculated over 
three specimens, provided the individual variation was not more 
than ± 15 percent of the average, and the results were tabulated 
in fallowing tables.

Table 11: Relative Residual Compressive Strength for Different Concretes for Different Exposure Temperatures and Gradually 
Cooled in Air and After Recuring 

Exposure temperature - 4000C

Concrete composition 

Recuring period (Days)

No (Control) 1Day 3Days 7Days 14Days 21Days 28Days 56Days

Residual strength (%)

OPC 78.7 79.7 82.3 87.1 88.1 92.4 94.9 95.4

OPC+GGBS 76.5 82.5 85.2 87.6 88.8 93.9 94.2 95.4
OPC+GGBS+Silica 

fume 78.1 80.4 82.2 83.2 83.5 87.1 91.0 92.1

Exposure temperature – 5000C

Concrete composition 

Recuring period (Days)

No(control) 1Day 3Days 7Days 14Days 21Days 28Days 56Days

Residual strength (%)

OPC 75.7 76.2 78.2 82.2 83.3 84.3 87.3 91.6

OPC+GGBS 75.3 79.8 81.0 83.1 84.9 84.9 85.2 85.8
OPC+GGBS+Silica 

fume 74.6 78.2 82.4 82.1 84.0 84.9 85.1 87.4

Exposure temperature – 6000C

Concrete composition 

Recuring period (Days)

No (control) 1Day 3Days 7Days 14Days 21Days 28Days 56Days

Residual strength (%)

OPC 71.2 75.25 78.28 80.3 81.06 83.3 84.8 87.6

OPC+GGBS 66.6 67.2 70.2 72.0 73.0 80.1 84.0 85.2
OPC+GGBS+Silica 

fume 66.6 67.2 72.1 75.1 79.3 79.6 81.3 81.5

Exposure temperature – 7000C

Concrete composition 

Recuring period (Days)

No (control) 1Day 3Days 7Days 14Days 21Days 28Days 56Days

Residual strength (%)

OPC 59.0 60.1 60.8 63.6 63.6 66.6 71.21 72.7

OPC+GGBS 54.9 55.2 56.7 60.0 63.3 65.7 69.6 71.6
OPC+GGBS+Silica 

fume 54.9 56.0 58.2 61.0 65.4 65.2 67.7 68.2
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Fig. 6: Variation of Residual Strength for Different Compositions 
During Different Recurring Period for Elevated Temperature 
(4000C)

Fig. 7: Variation of Residual Strength for Different Compositions 
During Different Recurring Period for Elevated Temperature 
(5000C)

Fig. 8: Variation of Residual Strength for Different Compositions 
During Different Recurring Period for Elevated Temperature 
(6000C)

Fig. 9: Variation of Residual Strength for Different Compositions 
During Different Recurring Period for Elevated Temperature 
(7000C)

 
Fig. 10: Variation of Residual Strength for OPC Concrete, at 
Different Elevated Temperature and Recurring Periods

 
Fig. 11: Variation of Residual Strength for GGBS Concrete, at 
Different Elevated Temperature and Recurring Periods 

Fig. 12: Variation of Residual Strength for Silica Fume Concrete, 
at Different Elevated Temperature and Recurring Periods 
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Table 12: Comparison of Actual Residual Strength From Destructive Test and from Predicted Equations 
OPC based concrete

Temperature of
Exposure (0C) Predictive equation

Actual 
residual
Strength 
(MPa)

Predicted 
residual
Strength
(MPa)

Error in 
prediction

(%)

4000C

For No-recuring to 3days of recuring 
y=1.2143x+78.614 

Ex: After 0 Day recuring 
44.98 44.80 0.23

For 7-28 days of recuring 
y=0.3957x+83.70 

Ex: After 14 Day recuring 
50.55 50.86 1.25

5000C

For No-recuring to 3days of recuring 
y=0.8386x+75.61 

Ex: After 1 day recuring 
43.53 43.57 0.24

For 7-28 days of recuring 
y=0.2249x+78.43 

Ex : After 28 day recuring 
52.18 48.29 3.02

6000C

For No-recuring to 3days of recuring 
y=2.236x+71.93 

Ex : After 1 day recuring 
42.96 42.27 1.44

For 7-28 days of recuring 
y=0.2329x+80.2 

Ex : After 14 day recuring 
46.27 47.57 2.96

7000C

For No-recuring  to 3days of recuring 
y=0.5386x+59.27 

Ex : After 1 day recuring 
34.31 34.09 0.48

For 7-28 days of recuring 
y=0.369x+59.79 

Ex : After 14 day recuring 
36.18 37.00 2.42

Fig. 13: OPC Concrete Strength Regain Trend From No Recurring 
– 3 Days

Fig. 14: OPC Concrete Strength Regain Trend From 7 – 28 
Days

Table 13: Comparison of Actual Residual Strength From Destructive Test and From Predicted Equations 
GGBS based concrete

Temperature of
Exposure (0C) Predictive equation

Actual 
residual
Strength 
(MPa)

Predicted residual
Strength
(MPa)

Error in prediction
(%)

4000C

For No-recuring to 3days of recuring 
y=1.7143x+76.414 

Ex: After 1 Day recuring

39.64 37.49 5.35

For 7-28 days of recuring 
y=0.3857x+79.45 

Ex: After 21 Day recuring
45.12 42.02 6.8

5000C

For No-recuring to 3days of recuring 
y=2.6786x+77.82 

Ex: After 3 day recuring

38.92 41.21 5.94

For 7-28 days of recuring 
y=0.094x+82.90 

Ex : After 14 day recuring
40.79 40.42 0.85
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6000C

For No-recuring to 3days of recuring 
y=1.2429x+66.343 

Ex : After 1 day recuring

32.29 32.43 0.52

For 7-28 days of recuring 
y=0.6157x+66.5 

Ex : After 14 day recuring
35.46 36.05 1.75

7000C

For No-recuring  to 3days of recuring 
y=0.6214x+54.77 

Ex : After 0 day recuring

26.38 26.28 0.55

For 7-28 days of recuring 
y=0.4457x+56.85 

Ex : After 28 day recuring
33.44 33.27 0.34

Fig. 15: OPC+GGBS Concrete Strength Regain Trend From No 
Recurring – 3Days

Fig. 16: OPC+GGBS  Concrete Strength Regain Trend From 
7 – 28 Days

Table 14: Comparison of Actual Residual Strength From Destructive Test and From Predicted Equations
Silica Fume  based concrete

Temperature 
of

Exposure (0C)
Predictive equation Actual residual

Strength (MPa)

Predicted residual
Strength
(MPa)

Error in 
prediction

(%)

4000C

For No-recuring to 3days of recuring 
y=2.5286x+75.02 

Ex: After 0 Day recuring 
40.94 39.01 4.81

For 7-28 days of recuring 
y=.1414x+81.55 

Ex: After 28 Day recuring 
47.28 44.46 6.05

5000C

For No-recuring to 3days of recuring 
y=1.3x+78.50 

Ex: After 0 day recuring 
34.88 40.82 5.17

For 7-28 days of recuring 
y=0.3857x+77.45 

Ex : After 28 day recuring 
44.25 46.92 5.94

6000C

For No-recuring to 3days of recuring 
y=1.9214x+66.07 

Ex : After 1 day recuring 
34.88 35.35 1.25

For 7-28 days of recuring 
y=0.27x+74.1 

Ex : After 14 day recuring 
41.23 40.49 1.86

7000C

For No-recuring  to 3days of recuring 
y=0.0986x+54.90 

Ex : After 3 day recuring 
30.27 30.26 0.13

For 7-28 days of recuring 
y=0.2843x+59.85 

Ex : After 14 day recuring 
34.02 33.19 2.53



IJEAR Vol. 4, IssuE spl-2, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research   67

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

Fig. 17: OPC+GGBS+Silica Fume Concrete Strength Regain 
Trend From No recurring – 3Days

Fig. 18: OPC+GGBS+Silica Fume  Concrete Strength Regain 
Trend From 7 – 28 Days

V. Conclusion
Post fire curing resulted in a substantial strength recovery. The 
reason for the strength recovery is the rehydration reaction between 
the newly formed C-S-H and the unhydrated binder particles 
that filled the capillaries and decreased the total porosity of the 
concrete.
The effect of recuring indicates the need of the constant supply of 
moisture to continue the rehydration process of high temperature 
concrete.
The exposure of concrete to 6000C resulted in a better strength 
recovery than the concrete exposed to 7000C. The reason was that 
the decomposition of C-S-H gel started at 5500C. This indicates 
that during a fire, if the temperature of concrete exposure is kept 
below 6000C, the concrete can recover its original strength and 
durability properties with proper recuring alone without the need 
of special repairs.  
it is observed that for OPC concrete exposed to 4000C, the average 
% loss in weight is around 4.1%, for 5000C exposure it increased 
to 4.4%, for 6000C  4.6%, for 7000C  4.9%.  
it is observed that for OPC+ GGBS concrete exposed to 4000C, 
the average % loss in weight is around 4.%, for 5000C exposure 
it increased to 4.2%, for 6000C  4.5%, for 7000C  4.81%.
it is observed that for OPC+ GGBS+ Silica fume concrete exposed 
to 4000C, the average % loss in weight is around 3.9%, for 5000C 
exposure it increased to 4%, for 6000C  4.1%, for 7000C  4.2%.
The total percentage weight loss of the specimen increases as 
the exposure temperature increases, for all the different recuring 
periods.  However this is maximum for OPC concrete and 

minimum for Silica fume.
Rate of compressive strength regain is faster during first 14 days 
of recuring.
Due to recuring for a period of eight weeks the strength gain is 
16%, 15%, 16%, 13% of the ambient strength (unexposed strength) 
respectively for the exposures to 4000C, 5000C, 6000C, 7000C of 
OPC concrete.   
Due to recuring for a period of eight weeks the strength gain is 
19%, 10%, 18%, 16% of the ambient strength (unexposed strength) 
respectively for the exposures to 4000C, 5000C,  6000C, 7000C of 
OPC+ GGBS concrete.
Due to recuring for a period of eight weeks the strength gain is 
13%, 2%, 15%, 13% of the ambient strength (unexposed strength) 
respectively for the exposures 4000C, 5000C,  6000C, 7000C of 
OPC+ GGBS+ Silica fume concrete.
Strenght gain trend is higher in exposure temprature of 4000C, 
5000C and the trend approached constant for exposure tempratures 
6000C,7000C.
As significant amount of strength regain has occured due to 
recuirng of the concretes exposed to high temperatures, the method 
of recure has found to be the effective way of repair of structures 
subjecteed to fire. 
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