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INSERTION LOSS OF A BRICK WALL AT UHF 

by 

G. D. Gierhart, L. G. Hause 

J. E. Farrow, and M. T. Decker 

ABSTRACT 

Measurements of the effects of inserting a brick wall into a radio 

propagation path are reported. The technique used for measuring 

"insertion loss" at frequencies of 518 Me/s and 1046 Me/s is described. 

Distributions of the resulting data indicate the variability of insertion 

loss with changes in measurement location. The median insertion loss 

at both frequencies was on the order of 2. 5 db. 

1. INTRODUCTION 

Measurements have been made to determine the "insertion loss" 

associated with a brick wall placed between transmitting and receiving 

antennas of a radio propagation path. Here "insertion loss" refers to 

the ratio (in decibels) of power received without the wall in the path to 

that received with the wall in the path. 

The determination of insertion loss caused by an object in a radio 

propagation path is a problem that has existed for many years and a 

number of simple cases have been solved. Almost every modern text 

on electromagnetics has a commentary on the electrical and magnetic 

properties of materials and their effect on wave propagation in certain 

simple cases. These cases often involve restrictions on the type of 

wave as well as the media. Concepts such as reflection coefficient, 

wave impedance, etc. are used. The case of a plane wave incident on 

a region of parallel, homogeneous slabs of infinite extent has been 

solved [Wait, 1958] and insertion loss can be expressed in terms of 

the geometry and physical constants involved; all slabs need not have 

the same physical constants. However, problems involving complicated 

geometries and many media encountered in practice are very often so 

difficult as to defy theoretical solution. A few measurements have been 

made of the effects of trees and buildings at certain frequencies [Head, 

I960; McPetrie and Ford, 1946] and techniques capable of incorporating 

statistical information about such objects into service predictions 

[Gierhart, Miller, Johnson, and Barsis, 1962] have been developed. 
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The determination of insertion loss caused by a brick wall placed 

in a propagation path is complicated by the variety of materials used in 

the wall and the geometry required to specify their locations. Many 

types of walls are encountered in practice. Assumptions used to make 

a theoretical study for a specific wall may be acceptable at one fre¬ 

quency and not at another. It is likely that flaws in materials or even 

surface roughness could be important at some frequencies. Because 

of the complexity of the theoretical approach an empirical one was taken. 

However, it should be realized that even with a theoretical solution 

experimental verification would be highly desirable. 

The empirical approach is not without difficulties, some of which 

are caused by the same factors that complicate the theoretical approach 

and new ones which are due to the mechanics of making measurements. 

For example, the separation of energy into reflected, absorbed, and 

transmitted quantities would involve complicated measurements along 

with theoretical considerations. Therefore, only the gross effect of 

inserting a wall into a propagation path was considered, i.e. , received 

energy with and without the wall in the path. 

Measurements were made behind a brick wall placed in the far 

field of a radiating antenna for two frequencies, 518 Me/s and 1046 

Mc/s. In this report measurements involving similar parameters 

(polarization and/or frequency and/or location) are compared. A 

statistical presentation of the data is included, from which a general 

idea of the insertion loss and its variability can be obtained. 

2. EXPERIMENTAL SET UP 

A ground plan of the experimental set up is shown in Figure i. 

The transmitting equipment was housed in the trailer and the receiving 

equipment in the truck. Coaxial cables, RG-8/U, were used as r-f 

transmission lines to the antennas. The power lines to the trailer and 

from the trailer to the truck were on the ground. A center line profile 

of the terrain between the transmitting antenna and the wall is also 

shown in Figure 1. Figures 2 and 3 are photographs that show most 

of the items depicted in Figure 1. An oblique view of the wall and the 

transmitting antenna is shown in Figure 4 and a photograph with a 

similar perspective is shown in Figure 5. The coordinate system 

used throughout this report is defined in Figure 4. 
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Details of the wall structure are shown in Figure 6. The wall is 

8 feet tall, 8 feet wide, and 9 inches thick. A 2x4 stud is centered in 

the wall and other studs are located at 16, 32, and 48 inches off center. 

Clay facing bricks having a nominal size of 2-1/4 x 3-3/4 x 8 inches 

were used with metal wall ties spaced 6 courses apart vertically and 

about 32 inches center-to-center horizontally. Boards 1 inch thick 

were used to close the top and sides of the structure. A tarpaulin 

covered the wall when measurements were not being made to protect 

it from the weather. 

The equipment used is listed in Table I. Functionally the equip¬ 

ment used at the two frequencies was the same. It was necessary to 

use a coaxial tee, crystal detector, d-c amplifier, and Esterline-Angus 

Recorder with the 1046 Mc/s oscillator to monitor its power output; 

the 518 Me/s generator has an internal monitor. The radar receiver, 

signal generator, and d-c amplifier performed the same function at 

1046 Me/s as the field intensity meter used at 518 Me/s. 

TABLE I 

Equipment Used 

518 Mc/s 1046 Me/s 

T ransmitting 

General Radio UHF Generator 

Type 1021-P2 

Range 250-920 Mc/s 

UHF Generator has internal 

output monitor 

Corner reflector, dipole fed 

General Radio Unit Oscillator 

Type 1218-A 

Range 900-2000 Mc/s 

Coaxial tee, crystal detector, 

d-c amplifier and strip chart 

recorde r 

Parabolic reflector, 3 wave¬ 

lengths in diameter 
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TABLE I (Continued) 

518 Mc/s 1 046 Me/s 

Receiving 

Half-wave dipole 

RCA Field Intensity Meter 

Type BW-3A, MI-19385 

Range 470-900 Me/s 

Esterline-Angus Recorder 

Model AW 

1 ma d-c 

Corner reflector and half-wave 

dipole 

AN/APR-4 radar re ceiver with 

TN-19/APR-4 tuning unit 

Range 975-2200 Mc/s 

Aircraft Radio UHF Generator 

Type H-12 

Range 900-2100 Mc/s 

General Radio 

Direct-current Amplifier 

Type 7 1 5-A 

Esterline-Angus Recorder 

Model AW 

5 ma d-c 

The antennas used for monitoring were half-wave dipoles; see 

Figure 3. 

Model S-1000 Sorensen Voltage Regulators were used. 

3. EXPERIMENTAL PROCEDURES 

Measurements were taken of relative power at the receiving 

antenna terminals at various (x, y, z) antenna locations for compari¬ 

son to that available when the antenna was at a reference location. 

In each case, measurements used for comparison had the same fre¬ 

quency and antenna polarization. The four references used are listed 

in Table II. 
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TABLE II 

Reference Measurements 

Refe rence 

Code Polarization 

F requency 

Me/ s 

Location 

(x, y, z) inche s 

H5 
Horizontal 518 0, 48, - 8 

V5 
Vertical 518 0, 48, - 8 

Hio 
Horizontal 1046 0, 48, - 10 

vio 
Vertical 1046 0, 48, -10 

In order to measure relative power, the receiver output was 

calibrated against a standard provided by a variable piston attenuator 

and a constant signal source. A stationary monitor antenna was con¬ 

nected to the receiver periodically during the experiment; this together 

with the power output monitor at the transmitter provided a check on 

equipment performance. The receiver calibration was also checked 

periodically. This assured proper allowance for changes in equipment 

performance when such factors as changes in ambient temperature 

occurred. 

The mobile antenna mount used for the receiving antenna is shown 

in Figure 5. The notched vertical member of the mount and the wire- 

wrapped two-by-two near the base of the mount are part of a switching 

arrangement used in conjunction with a chronograph pen on an Esterline- 

Angus Recorder to allow the simultaneous recording of relative power 

and receiving antenna location as the antenna was moved either verti¬ 

cally or horizontally. This together with the ability to move the receiv¬ 

ing antenna from a distance greatly facilitated data taking. 

Most of the measurements were made continuously over paths in 

one of the coordinate directions in the region behind the wall. The paths 

did not always pass through the reference location; for these paths data 

taken along other paths were used to refer the measurements to the 

reference measurement. For example, received power in decibels 

relative to that received at along the line x = 0, 0<y^7Z, and 

z = -10 inches can be obtained directly from measurements taken along 
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this line since the reference location is on this line; then the resulting 

relative power level at x = 0, y = 7 2, and z = -10 inches can be used 

to reference measurements ta.ken along -48 < x < 48, y = 72, and 

z = - 10 inches by assuming that both measurement runs should yield 

the same relative power level at their common point. Samples of the 

"raw data, " plotted in terms of relative power, for both frequencies 

are shown in Figure 7. 

The method used to refer measurements assumes that relative 

power measurements are repeatable. As a result any disagreement 

between measurements taken under the same conditions (frequency, 

polarization, and location) is automatically eliminated for most of the 

data. However, some data taken at 1046 Me/s are the exception in 

that reference measurements were made just before each run and they 

provide an indication of the degree to which measurements could 

actually be repeated. These data are shown in Figure 7 and were 

referenced by using the reference measurements taken before each 

run. The points marked by crosses on Figure 7a are data taken from 

Figure 7b and vice versa; in these cases agreement is within 0. 5 

decibels. 

The insertion loss, Lp associated with the wall is measured in 

terms of the available power at the receiving antenna terminals with 

and without the wall in the propagation path. The power with the wall, 

Pw, was measured at various locations behind the wall. To obtain an 

equivalent measure without the wall, P , it was necessary to take the 

measurement in front of the wall. This means that the z coordinate 

is different for each pair of measurements and corresponding allowance 

must be made to the observations. The parameters listed below will 

be used in the following discussion of how this allowance was made. 

P = Power measured at the receiver antenna 
w 

terminals with the wall in the propagation 

path. 

P = Power that would be measured at the 
o 

receiver antenna terminals without the 

wall in the transmission path. 

(xf V zt> 
Coordinates of the transmitting antenna. 

z - Location of the reference plane in front 

^ of the wall. 
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If we assume that measurements of PQ will vary inversely as the 

square of the distance from the transmitting antenna (actual measure 

ments taken beside the wall varied in this manner over the small dis¬ 

tance range involved), this correction is made in the following manner. 

Consider two locations, one in front of the wall at (xQ, yQ, z ) and 

the other at (xQ, y , z) behind the wall, where 

and 

(x , y , z ) - (x , y , z ) | = | z - z 
t t t o o p t T 

(x , y , z ) - (x , y , z) | =\z 
t t t o o t 

then 

p (z) = P (z ) 
O op 

z - z 
J E 
z - z 

t 

-1 2 

(1) 

and 

L = 

P (z) 

101Og10 P^U) = 101og10 
W 

P (z ) 

r Z - Z 1 Z 
! _t_E 

o P z - z 

P (z) 
w 

or 

r Z 

LI = 10 Iog10 Po«V - 10 log10 Pw(z) + 20 lo«l, 

z -| 

-zt‘z 

decibels. (2) 

Since the power at the antenna terminals was measured only rela¬ 

tive to the power at an arbitrary reference location, PR 

P (z ) P (z) 
o p , , ^ , w 

quantities 10 log and 10 log 

only the 

are known. However, 

R R 

the reference power term cancels out as follows when the relative 

powers are used to determine insertion loss; i.e., 

1 0 log 
10 

P (z ) 

PR 

P (z) 
w 

lologioT7- = 10 1og10P(z ) - 10 1og10Pw(z) (3) 

R 
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At 518 Mc/s (z^ - z ) = 2280 inches and for 1046 Mc/s (z^. - Zp) 

= 2240 inches. For both 548 Me/s and 1046 Me/s (z^ - z) - 2289 - z 

inche s. 

No measurements were actually made in front of the wall at 

518 Mc/s. Instead interpolation was used. A composite curve that 

is an average of several height gain curves taken beside the wall, see 

Figure 8, was displaced in such a manner as to keep the decibel level 

constant for a particular height above ground, see Figure 9a. A 

similar method of interpolation was used at 1046 Me/s except that a 

height-gain curve taken in front of the wall, see Figure 10a, was used; 

the effect of reflections from the wall was considered negligible because 

of the directivity of the receiving antenna. The results of the interpo¬ 

lations are shown in Figures 9b and 10b for 518 Mc/s and 1046 Mc/s, 

respectively. An indication of the validity of this interpolation techni¬ 

que is provided by the crosses on Figure 10b which are actual measured 

values. 

4. TERRAIN EFFECTS 

The experiment was not conducted over level ground and no cor¬ 

rection was made for this in the calculation of insertion loss. One 

possible way to adjust the raw data is to observe the amount of dis¬ 

placement necessary to adjust a horizontal x-direction run, see Figure 

4, taken in front of the wall to a constant decibel level and making the 

same adjustment to a similar (frequency and polarization) run made at 

the same height behind the wall, see Figure 11a. Height gain effects 

could be adjusted by a similar method in which a vertical run in front 

of the wall would be adjusted to a constant decibel level, see Figure 

lib. However, this correction was not used in the calculation of inser¬ 

tion loss since it would change a measurement taken without the wall by 

the same amount as one taken with the wall in the path; i. e. , the inser¬ 

tion loss is the same whether or not a correction of this type is made. 

While these adjustments may be informative in comparisons such as 

those in Figures 11a and lib they may also be misleading because of 

the implication that insertion loss is independent of the manner in 

which the wall is illuminated. 
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5. DIFFRACTION EFFECTS 

Since the wall used had finite dimensions in the x-y plane a cer¬ 

tain amount of energy arrives at the receiver by diffraction around the 

edges. To investigate these diffraction effects a special set of mea¬ 

surements was made with the wall covered by aluminum sheets and 

compared with a similar set made without the aluminum covering. Such 

comparisons are shown in Figures 12 and 13 for 518 Mc/s and 1046 

Me/s, re spectively. 

The measurements mentioned above were used as guides to define 

a "measurement volume" behind the wall in which diffraction could be 

neglected and insertion loss measurements outside this volume were 

disregarded. Actually, a different volume was used for each frequency; 

they are defined by the dimensions A, B, and C listed in Table III 

and shown in Figure 4. 

TABLE III 

Dimensions of Measurement Volume 

(see Figure 4) 

F requency 

Me/ s 

A 

Inche s 

B 

Inche s 

C 

Inche s 

518 48 36 24 

(-24"<x<24") (30"^y<66") (-32"<z<-8") 

1046 48 24 24 

( -24" < x < 24") (36 " < y < 60") (-34" <z < - 10") 

6. EXPERIMENTAL RESULTS 

The curves shown in Figures 14a and 16b compare raw data taken 

along a path in front of the wall with that taken behind the wall on a 

similar path. The frequency, polarization, and coordinate direction 

(the coordinate axis to which the runs were parallel) applicable to the 

comparisons made in these figures are listed in Table IV. 
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TABLE IV 

Figures Comparing Raw Data 

F igure 

Number 

F re quency 

Mc/s Polarization Runs In 

14a * 518 Horizontal x direction 

14b* 518 Horizontal y direction 

15a 1046 Horizontal x direction 

15b 1046 Horizontal y direction 

16a 1046 Ve rtical x direction 

16b 1046 Ve rtical y direction 

* Interpolation was used to draw the curve representing available power 

in front of the wall, see Figures 8 and 9. 

Values of insertion loss calculated from raw data taken at 1046 

Mc/s with horizontal polarization are compared with values calculated 

from similar data taken over the same path with vertical polarization 

in Figure 17. Runs taken in the x direction, y direction, and -z direc¬ 

tion (parallel to the z axis and behind the wall) are compared in a, b, 

and c of Figure 17, respectively. 

Values of insertion loss calculated from data taken at 518 Me/s 

with horizontal polarization are compared with values calculated from 

similar data taken over the same path at 1046 Me/s in Figure 18. Runs 

taken in the x direction and the y direction are compared in a and b of 

Figure 18, respectively. 

Measurements taken with the measurement volume specified in 

the Diffraction Effects section were converted to insertion loss by the 

method outlined in the section on Experimental Procedures and used 

to draw two cumulative distributions, one for each frequency. These 

curves specify that at least a certain percentage of insertion loss 

values in the volume considered were so many decibels or greater. 

The volume considered at 518 Mc/s contained 364 samples and that 

considered at 1046 Mc/s contained 97 5 samples. Figure 19 shows 
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both distributions. The median values of these distributions are 2. 3 

and 2.4 decibels for 518 Mc/s and 1046 Mc/s, respectively. 

Using these distributions a range of insertion loss included in a 

specific percentage range can be determined. For example, 50% 

(between 25% and 7 5%) of insertion loss values are within 3 db (inser¬ 

tion loss values ranging from 4 to 1 db) of each other at 518 Me/s. 

Table V lists several such percentage range and insertion loss range 

combinations. 

TABLE V 

Insertion Loss Range 

Insertion Loss Range in Decibels 

rcentage Range 518 Me/s 1 046 Me/s 

50% 3.0 1. 2 

(25% to 7 5%) (4. 0 to 1.0) (3. 1 to 1.9) 

80% 5. 5 2. 3 

(10% to 90%) (5.9 to 0. 4) (3.7 to 1.4) 

90% 6.9 2.9 

(5% to 9 5%) (7.0 to 0. 1) (4. 1 to 1.2) 

98% 9.9 4. 1 

(1% to 99%) (-0. 1 to 9.8) (0. 8 to 4.9) 

7. CONCLUSION 

The attenuation of signals at 518 and 1046 Mc/s passing through 

a section of a brick wall was measured. When diffraction effects are 

taken into account by defining a volume within which they are negligible, 

the resulting measurements are considered to be typical of those which 

might be observed within a building having similarly constructed walls. 

The results are presented in the form of probability distributions 

of insertion loss. This represents added loss over e.nd above what 

would be present without the obstruction. For example, Figure 19 
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states that 5% of the possible locations would be expected to have an 

insertion loss less than 2.4 at 518 Mc/s. Similarly, only 1 % of the 

possible locations would be expected to have an insertion loss greater 

than 10 db at 518 Mc/s. 

These measurements were designed in such a manner as to mini¬ 

mize the effects of uneven illumination of the wall, reflections from 

other nearby objects, and diffraction around or over the wall. The net 

effect of including such factors would be expected to have its greatest 

effect upon the slope of the distribution and least on the insertion loss 

associated with the median. There are so many possible variations on 

the effect of actual building configuration that these results should be 

considered only as typical results. Too much reliance should not be 

placed upon them for predicting insertion loss under actual building 

conditions. Further experiments are planned to obtain similar data at 

other frequencies and with other types of walls. 
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