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Seasonal Variations in Subgrade Soil Moisture Content and 

Temperature with Depth in Baghdad, Iraq

Les Variations Saisonnières, en Profondeur, de Teneur en Eau et de Température, du Sol de 
Fondation, à Bagdad

by L. W. H a t h e r l y , B.Sc. (Eng.), A .M .I.C .E ., and M. W o o d , B.Sc., Central Laboratory, George Wimpey & Co. 
Ltd, Southall, Middlesex, England

Summary

The paper présents the results of observations of the seasonal 
variations of subgrade temperature and moisture content with depth 
in Baghdad, Iraq, vvhich were made as part of an investigation and 
soil survey in connection with the design of a proposed road from 
Baghdad to Basra.

Adequate meteorological information is given to enable com- 
parisons to be made with similar observations in other parts of the 
world.

It was concluded that large seasonal variations in subgrade soil 
moisture content can be expected beneath impervious pavements in 
Southern Iraq, probably as a resuit of soil temperature gradients, and 
that the design of flexible pavements should be based upon the 
characteristics of the subgrade soil in a soaked condition.

In  1954 the authors were concemed with a  soil survey and the 

design of a proposed road to be constructed from  Baghdad to 

Basra in Iraq. The climate and the lack o f natural sources of 

aggregate in  the country make the construction of long lengths 

of concrete pavement expensive and difficult, and in consé

quence the field investigation as a whole was largely governed 

by the problems of flexible road construction and design. It 

was therefore necessary to  consider in détail the possible 

seasonal variations in subgrade and base moisture content.

A t the commencement o f boring opérations in February 1954, 

it was observed that the temperature of the soil increased 

significantly with depth below the surface. This observation 

suggested that changes in the subgrade and base moisture con

tents might result from the soil temperature gradients. Ac- 

cordingly, it was decided to  measure the variations in soil 

tem perature and moisture content with depth at a selected site 

over a period o f a t least 12 months, beneath both an  im

pervious surfacing and unsurfaced soil, in order to investigate 

the seasonal variations which could be expected.

Geology of the Area

The soils within the depths affected by road works ail belong 

to the Recent or Holocene group o f deposits. A  com putation 

by Le e s  and F a l c o n  (1952) suggests that in the lakes and marshy 

areas bordering the main rivers, riverbome and windbome silts 

accumulate at an average rate of about a quarter o f an inch a 

year. To account for the continued existence o f these déprés

sions in spite of the relatively high rate o f infiilling, the authors 

suggest that they are areas of localized subsidence ‘ caused by 

slight synclinal movements between anticlines which are still 

being gently folded’. Lees and Falcon also conclude that the 

whole M esopotamian Plain has in  Recent times been subject to 

a général subsidence which has from  time to time enabled the 

sea to  inundate large areas. Thus fresh and brackish water 

deposits occur, intercalated with deposits o f marine origin.

Sommaire

Au cours de l’étude, sur le terrain, des sols d’une route à construire 
entre Bagdad et Basra, les auteurs ont été conduits à observer les 
variations saisonnières de la température et de la teneur en eau, du 
sol de fondation à diverses profondeurs, sous des chaussées existant 
dans la région. Cette communication expose les résultats de ces 
observations.

Des renseignements sur les conditions météorologiques de la 
région ont été donnés, pour permettre la comparaison éventuelle de 
ces résultats avec ceux observés dans d’autres pays du monde.

Les auteurs ont conclu de leurs observations, qu’en Irak du Sud, 
il fallait s’attendre à de grandes variations saisonnières de la teneur 
en eau du sol de fondation, sous des revêtements imperméables. Ces 
variations résultent probablement du gradient de température. 
Aussi les projets de chaussées souples doivent-ils être basés sur la 
portance du sol de fondation, mesurée lorsque celui-ci est détrempé.

The subsidence, both  local and général, has been episodic in 

character, and in  the intervais the dépressions have tended to  

fill up with sediments, resulting in a slowing down o r cessation 

of sédimentation until the next subsidence enabled further 

déposition to take place. The pauses or breaks in sédimenta

tion have resulted in the form ation o f successive layers o f sedi- 

ment which make up the present alluvial plain. Owing to the 

shape of the dépressions each layer will have a more or less 

irregular lenticular form. Furtherm ore, each layer o f sediment 

may have been subjected to partial desiccation if, following 

complété infilling of a dépression, an interval elapsed before 

subsidence enabled further sédimentation to take place. This 

last process could have been operative during the whole of the 

Recent period since it is probable that the climate of the area 

has not changed appreciably since the end o f the Ice Age.

In conséquence, the soils investigated were expected to have 

somewhat varied plasticity characteristics, within compara- 

tively short distances vertically and horizontally, and no 
continuity of strata was to be expected.

The Climate of Southern Iraq

There is a wide variation in atmospheric temperature and 

rainfall between winter and summer. In  winter the weather 

is relatively cool with an  average o f three to five rain days a 

m onth from  November to  April, and a fairly high humidity. 

In  summer there is little o r no rain from  May to  October, day 

temperature is very high and the humidity low. The average 

daily maximum and minimum températures and the highest 

maximum and lowest minimum températures during the period 

of the investigation are shown graphically in Figs. 1 and 3, and 

the total rainfall in mm which fell in  the intervais between the 
borings is also shown in Figs. 2 and 4.

Site Investigation

Four bore holes were initially sunk a t regular monthly 

intervais, commencing in February 1954, in the Baghdad area
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Fig. 1 Seasonal variations of soil température with depth below an impervious pavement in the Baghdad area 

Variations saisonnières, en profondeur, de la temperature du sol sous un revêtement imperméable aux 
environs de Bagdad

by post hole auger methods. Two of these were sunk through 

a  large impervious flexible pavement surfaced with ho t rolled 

asphalt, and the other two were sunk alongside the paved area 

through unsurfaced soil.
U nfortunately, a  large part o f the paved area through which 

the bore holes were sunk was re-surfaced during the period of 

the investigation, and one pair o f the bore holes had to  be 

discontinued.

D isturbed samples were taken at frequent intervals from the 

bore holes and divided into two parts ; one part being used for 

tem perature measurements, which were made by mercury 

therm ometer immediately after extracting the sample from  the 

bore hole, and the other half being subsequently used for the 

déterm ination o f m oisture content. After December 1954 the 

samples used for the temperature measurements were retained 

for plasticity index tests.

The tem perature and moisture content of the soil were 

measured a t frequent vertical intervais in  ail the bore holes and 

the results o f these are shown graphically in Figs. 1 to 4. F or 

clarity, only the numerical values o f the readings obtained at 

vertical intervais o f 50 cm are shown, although many more 

were obtained. I t  should be noted that the bore holes were 

generally sunk in the early morning or late evening, and there- 

fore the températures of the upper 50 cm o f soil recorded in  the 

summer months are not necessarily the absolute maximum 

values attained. The records from the two bore holes which 

had to be discontinued are not included in the paper.

Discussion

A t the commencement of the soil survey, it was assumed that 

the moisture content o f road subgrade and base soils beneath 

impervious surfacings would eventually reach and maintain an 

equilibrium value. It was however stated by road engineers 

in Iraq  that they had observed increases in road subgrade and 

base moisture contents during the winter months, which could 

not be attributed to  rainfall. Exam ination of road mainten

ance records also showed that the majority o f the recorded 

failures of flexible roads occurred during the winter period. 

These observations, together with the marked increase in 

temperature of the soil with depth observed in the borings made 

in  February 1954, led to  the present investigation.

The distribution of ground water in soil is seldom static, and 

the principal factors which affect the movement o f ground water 

are as follows : the temperature of the soil, air temperature and 

humidity, the barometric pressure, a général rise or fall in the 

level of the water table, rainfall, and surface conditions.

I t has been established that water may pass to  or from  a soil 

mass from  the air depending upon the relative condition of 

humidity and temperature o f the air and soil. In arid countries, 

such as Iraq, in which the dium al and seasonal variation o f soil 

temperature a t the surface is of a very high order, this movement 

of water may reach significant proportions. When the soil is 

covered by an impervious carpet, this movement o f water to 

and from  the soil is prevented.

Ma c l e a n  (1946) and others have shown that moisture move-
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Fig. 2 Seasonal variations of soil moisture content with depth below an impervious pavement in the Baghdad 
area

Variations saisonnières, en profondeur, de la teneur en eau du sol sous un revêtement imperméable aux 
environs de Bagdad

ments in soils occur under température gradients from a warm 

area of homogeneous soil to  a co d e r area, and suggested that 

the movement occurs in the vapour phase. Several workers, in- 

cluding W o o l t o r t o n  (1954), have suggested that soil moisture 

movements resulting from température gradients may, under 

certain climatic conditions, considerably influence road design. 

N o evidence to  support this view has, however, to  date been 

available.

It will be seen by comparison of Figs. 2 and 4 that significant 

seasonal variations in subgrade soil moisture content were 

observed beneath a large black impervious surface in the 

Baghdad area that could not be directly attributed to rain- 

fa.ll. The moisture contents of the upper layers of unsur- 

faced soil generaUy rose after rainfall, whereas those of the 

soil beneath the pavement were largely independent o f rain- 

fall.

A n examination of Figs. 1 and 3 shows that the soil iso- 

thermals were sensibly similar in shape. The différences in 

température below the impervious pavements and unsurfaced 

soil may be attributed in part to thermal losses by évaporation 

o f soil moisture from the surface layers, which would have been 

largely reduced by the impervious pavement, and in part to  the 

greater absorption of solar radiation by the black asphalt 

surfacing.

The température gradient during winter would have tended 

to cause an upward movement o f soil water. It will be observed 

that this upward movement was a maximum in November and

that during December, January and February, when more 

stable température conditions had been established, some fall- 

ing off in  m oisture movement was observed. In  early spring, 

during the months February, M arch and April, when the soil 

immediately below the impervious surface was increasing in 

température, there was a tendency for the soil water to  migrate 

downwards. Conditions were thus conducive to the form ation 

o f a perched water table where the température gradients 

reversed. The existence of a  perched water table was sug

gested by the observations made in M arch 1955.

It was appreciated that some apparent variation in the soil 

moisture content at a given level could have arisen from  a 

variation in the plasticity characteristics of the soil encountered 

in the bore holes in successive months. In  conséquence it was 

decided, subséquent to December 1954, to  examine the plasticity 

characteristics of the soil sampled. Liquid and plastic limit 

tests were made on samples taken from the bore holes and the 

results o f some of these tests are given in Tables 1 and 2. In 

order to provide a direct comparison between différent bore 

holes, the variations in liquidity indices of the soil with depth 

are shown in Figs. 5 and 6 for the period December 1954 to  

April 1955. A comparison of Figs. 5 and 6 with Figs. 2 and 4 

respectively suggests that whilst discrepancies are evident in the 

records of soil moisture contents, these can be largely attributed 

to  changes in the plasticity characteristics of the soils sampled 

in successive months. Generally, however, the results o f the 

liquidity index tests show that the moisture content o f the

116



1955-- * --------------------------------------------------------------------7S 5 4 ---------------------------------------------------------------

Figures ind icote tem perature  — °C

Fig. 3 Seasonal variations of soil temperature with depth in unsurfaced soil in the Baghdad area

Variations saisonnières, en profondeur, de la teneur en eau du sol sous un revêtement imperméable aux 
environs de Bagdad

Table 1

Results of laboratory tests and corresponding field moisture content déterminations on samples from bore holes sunk through an
impervious pavement

Résultats d’essais de laboratoire et de déterminations correspondantes de la teneur en eau effectués sur place sur des échantillons 
obtenus de trous de sondage foncés dans un revêtement imperméable

Depth 
o f sample

December 1954 January 1955 February 1955 March 1955 Afril 1955

(m) L.L. P.L. W L.I. L.L. P.L. W L.I. L.L. P.L. W L.I. L.L. P.L. W L.I. L.L. P.L. W L.I.

01 ___ ___ ___ ___ 54 26 28 01 56 26 33 0-2 57 28 33 0-2 63 24 26 01
0-50 59 24 27 01 62 30 28 - 0 1 48 22 30 0-3 64 27 40 0-4 59 24 29 01
100 49 22 23 0 0 50 24 25 00 47 23 25 01 55 27 32 0-2 59 24 27 01
1-50 43 22 23 0 0 53 24 26 01 50 22 25 01 53 23 31 0-3 56 21 29 0-2
2-00 52 20 23 01 55 25 27 01 51 23 21 -0 -1 56 20 23 0-1 57 20 29 0-3
2-50 55 22 30 0-2 57 23 22 0 0 54 21 21 0 0 61 22 29 0-2 37 17 33 0-8
3 00 57 23 32 0-3 56 26 36 0-3 59 23 26 0 0 48 22 35 0-5 31 24 33 1-2
3-50 55 25 34 0-3 46 23 31 0-4 42 22 36 0 7 — — — — 33 22 34 I I
400 — — — . .— — — 33 — 35 25 32 0-7 36 23 32 0-8 — N.P. ___ —

4-50 46 21 30 0-4 42 22 33 0-6 48 23 33 0-4 53 23 33 0-3 40 20 33 0-7
500 35 21 29 0-5 35 26 33 0-7 -- 47 23 35 0-5 53 20 31 0 3

L.L.—Liquid limit, per cent; P.L.—Plastic limit, per cent; W—Soil natural moisture content, per cent; L .I .—Liquidity index; N.P.—Non-plastic

subgrade soil a t depths between 50 cm and 150 cm increased 

very significantly in February and M arch beneath the im
pervious pavement, but this tendency was not found beneath 

the unsurfaced soil.

It will be noted that the soil températures and moisture

contents observed in February and M arch 1954, and February 

and M arch 1955, were not directly comparable. This may 

have been because the annual climat ic cycle is never exactly 

similar.

The results presented support the view that the moisture
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Table 2

Results of laboratory tests and corresponding field moisture content déterminations on samples from bore holes sunk in an area of
unsurfaced soil

Résultats d’essais de laboratoire et de déterminations correspondantes de la teneur en eau effectués sur place sur des échantillons 
obtenus de trous de sondage foncés dans une surface de sol non-revêtu

Depth 
o f sample

(m)

December 1954 January 1955 February 1955 March 1955 April 1955

L.L. P.L. W L.L L.L. P.L. W L.L L.L. P.L. W L.L L.L. P.L. W L.L L.L. P.L. W L.I.

01 _ __ _ __ __ __ — — 58 29 25 -0 -1 46 27 20 - 0 -4 46 30 13 - 0 1
0-50 57 27 29 01 53 24 25 0 0 54 25 26 0 0 60 24 28 01 64 27 24 -0 -8
100 55 23 24 0 0 45 23 26 01 50 25 26 0-0 53 21 28 0-2 57 22 24 01
1-50 54 22 23 0 0 51 24 28 0-2 56 24 28 0'1 57 21 27 0-2 55 22 30 0-2
2-00 59 22 22 0 0 56 23 22 0 0 53 23 23 0 0 61 21 27 0-2 59 16 29 0-3
2-50 56 22 23 0 0 53 25 23 - 0 1 57 24 24 0 0 60 21 28 0-2 — N.P. — —
3-00 60 23 26 01 51 21 32 0-4 59 23 30 0-2 49 22 39 0-8 —. N.P. — —
3-50 57 23 37 0-4 — — 33 — 55 24 38 0-5 — N.P. — — 34 24 35 1-2
400 43 24 32 0-4 37 23 31 0-6 — — 27 — — N.P. — — — N.P. — —
4-50 38 23 34 0-7 33 26 31 0-8 37 25 37 10 43 22 37 0-7 39 21 33 0-7
500 43 25 37 0-7 36 25 32 0-6 35 27 36 1-1 — — — — —■ — — —

L .L .—Liquid limit, per cent; P.L .—Plastic limit, per cent; W—Soil natural moisture content, per cent; L.I.—Liquidity index; N.P.—Non-plastic
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Fig. 4 Seasonal variations of soil moisture content with depth in unsurfaced soil in the Baghdad area

Variations saisonnières, en profondeur, de la 
Bagdad

content of subgrade soil beneath impervious pavements in 
Southern Iraq increases during the winter months irrespective 
of rainfall, and that under some conditions perched water 
tables may be formed.

teneur en eau d’un sol non-revêtu aux environs de

The present work is obviously incomplète, and should be 
regarded as qualitative rather than quantitative. The authors 
propose to continue research of a more detailed nature along 
similar lines in the near future. It was concluded, however,
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F igu res ind ica te  liq u id ity  index

Fig. 5 Seasonal variations of liquidity index of soil with depth 
below an impervious pavement in the Baghdad area 

Variations saisonnières, en profondeur, de l’indice de 
liquidité d’un sol sous un revêtement imperméable aux 
environs de Bagdad

that the evidence obtained justified the assumption that the 
design of flexible type roads in Southern Iraq should be based 
upon the characteristics of the subgrade soil in a saturated con
dition. This view was also supported by critical observations 
o f the performance of the existing road in the country, which 
generally suggested that flexible type roads performed satis- 
factorily if they were designed on the basis of California Bearing 
Ratio tests made on saturated specimens of subgrade soil, and 
using the appropriate design curve for the given traffic intensity.

The authors are indebted to H is Excellency the Minister o f  

Development and the Development Board o f  the Government o f  

Iraq fo r  their permission to publish this paper. They also wish 

to  acknowledge the encouragement and assistance given by M r 

W. Downie, Director General, Technical Section No. 2 o f  the 

Development Board and M inistry o f  Development.
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Figures indicate liq u id ity  index

Fig. 6 Seasonal variations of liquidity index of soil with depth in 
unsurfaced soü in the Baghdad area 

Variations saisonnières, en profondeur, de l’indice de 
liquidité d’un sol non-revêtu aux environs de Bagdad
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