For a system to be in equilibrium (not moving) all the forces must add up to zero.  The case of a lifeline between two stanchions 8’ apart and a 200lb weight on it is shown below:


The problem requires us to convert the forces into horizontal and vertical components and make sure they all sum to zero.  Forces in opposite directions must have opposite signs, meaning one of them is positive and the other is negative.  Since this problem is symmetric, we can break it in half and change the load to 100 lbs.


Now we need to define the forces in terms of the geometry.  Shown below is the right triangle, and a similar right triangle (dotted lines) used to match the picture of the geometry a little better:


We can write some basic relationships about the sides and the angles using trigonometric functions:

Sin (Angle A) = Opposite/Hypotenuse

Cos(Angle A) = Adjacent/Hypotenuse

Tan(Angle A) = Opposite/Adjacent

We can solve for the angle, using the inverse tangent function:

Angle A = arctan( 1/48 )

Now, let’s look at the forces acting on the drawing





Let’s convert the problem so we can look at the horizontal (X) and vertical (Y) components of the forces independently.  This will let us solve the problem by allowing us to separately.  This is a common technique used in vector algebra.  The combination of T1y and T1x are identical to just T1.  This is just a math trick to simplify the problem of summing the forces because the X and Y values are independent variables. Thus, we can write equations for the horizontal values and ignore the vertical ones and vice-versa.


Now we can separate the forces into their X and Y components and sum them to zero to solve for T1, the tension in the cable.

Let’s redraw the picture a little to show the relationships of T1 to T1x and T1y.


Now let’s look at the T1x and T1y in relationship to Fw.  Notice that Fw only acts in the vertical direction?  This means that Fw has no force in the X direction, only the Y direction.  So the key equation is then:

T1y - Fw = 0

(We defined down as negative for Fw, and up as positive) 

Or we could just set them equal to each other:

T1y = Fw

What we really want is T1, so let’s find T1 in terms of T1y

From our trig. identities:

Sin (Angle A) = Opposite/Hypotenuse

or

Sin (Angle A) = T1y / T1

Solve it for T1:

T1 = T1y / Sin(Angle A)

Since T1y = Fw = 100 lbs.

The solution is

T1 = 100/sin(Angle A)

Now let’s just make a quick table of the inches of Sag in the cable, the angle it produces and the resulting tension (assuming 48 inches to the center point):

	Sag (inches)
	Angle A (degrees)
	T1 (pounds)

	1
	1.19
	4801

	2
	2.39
	2402

	3
	3.58
	1603

	4
	4.76
	1204

	5
	5.95
	965

	6
	7.13
	806

	7
	8.30
	693

	8
	9.46
	608

	9
	10.62
	543

	10
	11.77
	490


What this means is if you apply 200 lbs and only see 1” of sag, then your cable has 4801 lbs of tension.  If you have 2” of sag with 200 lbs applied then there is 2402 lbs. of tension, and so on.  IMPORTANT:  The sag is measured as if the line was perfectly straight, so if your lines already droop an inch or so, then add this to the overall sag.
In real life, most life lines will have about 6 inches or more of give if you were to stand on them, which means you’re applying about 806 lbs. of tension (assuming you weigh 200 pounds).
If there is no weight on your lifelines when you tighten them, it takes very little tension to pull the cable to within 1” or less of sag.  Typically this is about 20-30 lbs of tension at the most. 

The argument over tight lifelines or loose ones requires some more complicated factors: How much does the cable stretch (you might be surprised)? 

The best way find out is to test for yourself.  Loosen them.  Measure the distance between two stanchions (longest and straightest run), add your weight to the middle of the section (one foot if possible).  (Don’t forget that the sag is measured from the ideal, perfectly straight line between the stanchions, so if they already droop a few inches, include that in the total sag with the weight applied).
Tc loose= 0.5 * Your weight / (sin ( arctan (sag/distance to middle of stanchions)))

Then tighten them to where you like them.

Tc tight = 0.5 * Your weight / (sin ( arctan (sag/distance to middle of stanchions)))

If the numbers are dramatically different then you are probably going to stress your lines more.  But if there is too much sag, then you are going to start to wear through the lines where the stanchions start to provide support.   Too much sag will produce high forces inside the stanchion eye on a very small surface area which could quickly wear out the lifeline.

My guess would be that for most people they get about the same amount of tension in both cases, unless they are on the extremes of too tight or too loose. 
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