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Abstract. Theoretical studies have been carried out to predict the fire resistance of different
configuration of wood columns as done in Part A and Part B of this set of research papers. This
theoretical study is a continuation of previous studies which were carried out at National Research
Council Canada. Mathematical models to calculate the temperatures, deformations and fire resistance
of the columns have been developed for Part A and Part B. Calculated results are compared with those
measured in several tests. The results indicated that the model is capable of predicting the fire
resistance of wood columns with an excellent accuracy. By using the model, the fire resistance of wood
columns can be evaluated for any value of the significant parameters such as load, physical dimensions,
mechanical properties and even the chemical properties without the necessity of experiment. This
research paper carried out sensitivity analysis of a square column at elevated temperature in order to
know the effect of some parameters towards the mechanical strength of the column. The parameters
that have been studied are initial moisture content, Young’s modules, initial compression stress,
specific gravity, thermal conductivity and the physical dimension of the column cross section. Both of
the temperature history versus time for the selected elements and the fire resistance has been analyzed
using existing results. All the analyses have been carried out for the square cross-section under axial
load 1380 kN.

Parametric Analysis of wood column

Effect of Moisture Content. From the simulation on element 25 (at the corner of the column) the
lowest temperature history occurs for 30% moisture content compared to 20% and 12 %. This is
because the water will take more time to be evaporated and consume some of the fire energy to convert
to vapor or steam. Wood is an excellent thermal insulator. The conduction of heat in wood is directly
related to its density. Woods with low density have the highest thermal insulating value because woods
contain a high proportion of cell cavities. In dry wood, these cavities are filled with air which is one of
the best known thermal insulators. However, if the cavities are filled with water, which is a poor
thermal insulator, heat transfer is slower. For practical purposes, we may say that all strength properties
decrease as moisture content increases. [1] Because of the surrounding fire, humidity is lower than the
column interior humidity, and then the moisture will be transferred from the interior of the column to
the surface. So both heat and mass transfer will occur. The result of this phenomenon will raise the
temperature and humidity inside the column. When the moisture content is increased, the temperature
of the interior elements around the center will increase the thermal conductivity as shown in Eq. 1.[2]
The fire resistances of three different moisture content columns are shown in figure 1. The failure time
is tabulated in table 1. Under the applied load about 1381 KN. The difference of the failure time related



to the same reason that when the column surface heated up, the vapor would transfer heat inside the
column and causing increase of the interior element temperature. The element temperature plays an

important factor to reduce the strength of the column.
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K =S5 (0.201 + 0.004M) + 0.0238 (Eq.1)
Where, K = thermal conductivity, W/(m °k)

S = specific gravity based on volume at M, dimensionless
M = moisture content, in percent, dimensionless

Effect of Initial Young’s Modulus. Figure 2 shows the fire resistance at different values of
Young’s modules. The time failure values are presented in Table 2 under the applied load of
1380.974 kN. When the Young’s Modulus increases, the strength of the column will also
increase [3], thus the fire resistance will be promoted. Therefore the fire resistance is dependent
on the Young’s Modulus, fig.3.
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Effect of Initial Ultimate Compression Stress. The fire resistance of the column will be
affected with the initial ultimate compression strength. As shown in Fig. 4, two columns one of

them have the initial ultimate strength 76 N / mm?and the other has the initial ultimate
compression strength 55 N / mm?. Both of them under the same applied load equal to 1500 K.N
The first column will fail at 28 minutes, and the other one will fail at about 11 minutes. This
indicates that the fire resistance increases with higher initial ultimate strength. However Fig. 4
also shows three columns with the same size 19 x 19 cm, this time the applied load for each
column will change and will be half of the initial ultimate strength .The initial ultimate
compression strength for the three columns are 76 N / mm?, 55 N / mm?, 30 N / mm?, and the
applied load for each column 1381.097 N., 998.117 N., and 544.420 N respectively. The
simulation shows that the entire three columns will fail at the same time. Therefore, the failure
time of the column will be the same for the same percentage of the compression strength.

Effect of Specific Gravity. The interior elements of the column of high specific gravity have
higher temperature than the temperature of the low specific gravity. Low specific gravity means
low density and low thermal conductivity and vice versa. The failure time of columns have
different specific gravity are presented in Table 3. Fig. 5 shows the fire resistance for square
Keruing column with different specific gravity. The high specific gravity column is capable to
conduct heat more than the low specific gravity as shown in Eq. 1, the increasing of the element
temperature affect on the strength of the column and reduces the load carrying capacity. Hence
both of the above reason will affect the fire resistance.

Effect of Thermal Conductivity (K). The computer simulations were performed on different
values of thermal conductivity (Double, Equal, and Half of Keruing thermal conductivity). For
the column of high thermal conductivity, the energy will be conducted faster from the surface to
the interior elements and the boundary element temperature will be low. On the other hand the
surface elements of the lower thermal conductivity column could absorb more energy because it
has not the same ability to conduct heat. Thus, its temperatures become higher. However, the
rate of increasing temperature in high (K) at the column interior elements is much higher than the
low thermal conductivity one. This behavior will affect directly to the fire resistance of the



column as shown in Fig. 6. Table 4 shows the failure time for different thermal conductivity.
Lower thermal conductivity results in better fire resistance. Fig. 6 shows the fire resistance for
square Keruing column with different thermal conductivity

Effect of Specific Heat. The specific heat (J/kg.°k) is the amount of heat required to raise the
temperature of one kilogram from any material one degree Kelvin. When the specific heat
increases, the body requires more amount of heat to raise its temperature then, the ability of the
body to increase its temperature with respect to time will be low. Different values of the specific
heat have been taken in this simulation (Double, Equal and Half of the Keruing specify heat).
Increasing the specific heat of wood will reduce the rate of increasing temperature. Thus, the
element takes more time to convert to char. The influence of the specific heat parameter on the
fire resistance is as shown in Fig. 8. Table 5 represents the failure time at different values of
specific heat.
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Effect of Changing the Physical Dimensions. The computer simulations were performed on
different column area, and different applied load as shown in Table 6. The ratio between the
applied loaded the area (stress) is constant. The fire resistances of the three different cases are
presented in Fig. 9. As presented in the Table 6 the best fire resistance is at the largest area.
Despite the applied load increases by the same ratio of increasing area, the fire resistance
improves 2.53 times for the largest area. The main reason for this is that the thermal conductivity
of wood is too low if it is compared with the other materials. The performance of column could
be improved to sustain fire resistance without loosing extra material to resist fire. To get better
results the designer can redistribute the total building applied load on a minimum column
number. Then the column area will be increased accordingly. Therefore, the fire resistance will
be improved.
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Conclusion

The development of the mathematical models of Part A[6] and Part[7] have been used for
sensitivity analysis in this research paper, Part C. The comprehensive sensitivity analysis
is results in following conclusions:

1)
2)
3)

4)
5)

6)
7)

All strength properties decrease as moisture content increases.

When the Young’s Modulus increases, the strength of the column will also increase.
The fire resistance increases with higher initial ultimate strength. The failure time of
the column will be proportional to the same percentage of the compression strength.
Woods with low density have the highest thermal insulating value. Low-density
column will transfer to char faster than the high-density column.

Fire resistance is improved by increasing the specific heat.

Lower thermal conductivity results in better fire resistance.

When the column size increase, the fire resistance increased sharply.
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