
Water 
Resources 
Engineering 
Lecture 5

Physical Properties of 
Water

Dr. Zada Tawalbeh 

Ajloun National 
University 



Chapters Outlines

• Properties Involving Mass or Weight of 
Water 

•  Viscosity 

• Elasticity 

• Pressure and Pressure Variation 

• Surface Tension 

• Laminar and Turbulent Flow

• Continuity

• Hydrostatic Forces 

• Buoyancy



Water Density

• Mass density, often called density, is the mass per unit volume, 
with units of kilograms (kg) per cubic meter (m3) in SI units.

•  The Greek symbol 𝜌 (rho) is used to denote density. 

• The mass density of water at 4 ℃ is 1000 kg/m3 or 1.94 
slugs/ft3. 

• For most applications in hydrologic and hydraulic processes, 
the density is assumed to be constant so that water is assumed 
incompressible.



Density



Material Approx. Density (kg/m³) Notes

Water 1000 Maximum density at 4°C

Oil 800 Floats on water

Air 1.2 Very low density

Wood 400–700 Floats most of the time

Steel 7850 Heavy, sinks

Aluminum 2700 Light metal



Examples 1



Example 2



Example 3



Specific weight

• Specific weight is the gravitational force (weight) per unit volume of water, 
denoted by the Greek symbol 𝛾 (gamma). The specific weight of water at 4C is 
9810 N/m3 or 62.4 lb/ft3.

• The relationship between density and specific weight is:

𝛾 =
𝑊

𝑉
= 𝜌𝑔

 
𝑔 = 9.81 𝑚/𝑠2

𝑔 = 32.2 𝑓𝑡/𝑠2





Specific gravity

• Specific gravity (SG) of a fluid refers to the ratio of the specific weight of a given liquid 
to the specific weight of water.





Graph

1. From 0°C to 4°C – Density Increases

When water warms from 0°C to 4°C, its density increases.
This is unusual because most substances expand when warmed.

But water contracts until it reaches maximum density at 4°C.

On the graph, this appears as the curve rising upward toward the 
highest point.

2. At 4°C – Maximum Density

The graph reaches its peak at 4°C, shown by the marked point.
This means:

𝜌max = 1000 kg/m3 at 4∘𝐶

Water is densest at 4°C.
This is why cold water sinks to the bottom of lakes while ice floats.



Graph

3. From 4°C to Higher Temperatures – Density 
Decreases

As temperature increases above 4°C, water expands 
and its density decreases.
The graph slopes downward from 4°C to 30°C.

Hotter water takes up more space → lower density.

4. Overall Behavior

Water behaves normally above 4°C:
Higher temperature → lower density

Water behaves abnormally below 4°C:
Cooling below 4°C → lower density
(This is why ice is less dense than liquid water.)
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Density-SG

Fluid Density (kg/m³) SG Behavior

Water 1000 1.00 Reference

Oil 850 0.85 Floats

Alcohol 790 0.79 Floats

Concrete slurry 2200 2.20 Sinks

Seawater 1040 1.04 Slightly heavier

Air 1.2 0.0012 Very light
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Pressure

• Pressure at a given depth in a fluid can be expressed by the 
relationship:

𝑝 = 𝛾𝑦

• where 𝑝is the pressure, 𝛾is the specific weight of the fluid, and 
𝑦is the depth below the fluid surface. Pressure describes the 
force applied per unit area and is commonly expressed in units 
such as N/m² (Pascal), lb/in² (psi), lb/ft², feet of water, or 
inches of mercury.



Pressure

Gauge pressure is the pressure measured relative to atmospheric 
pressure. When a device reports gauge pressure, it sets 
atmospheric pressure as the zero reference point.

 Absolute pressure, however, is measured relative to a perfect 
vacuum, meaning it includes both atmospheric pressure and the 
gauge pressure. Vacuum pressure represents any pressure that is 
below atmospheric pressure, often seen in suction systems or 
sealed containers.
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Conversion



Example 
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