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208 ADJUSTMENT OF LEVEL NETS

where T wu? in matrix form is VWYV,

Since these standard deviations of unit weight relate to the overall adjust-
ment and not a single quantity, they are referred to as reference standard
deviations. Computation of the reference standard deviations for both un-
weighted and weighted examples are illustrated below.

11.5.1 Unweighted Example

In the example of Section i1.3, there were 7 — 3 oF 4 degrees of freedom.
Using the residuals given in Equation (11.7), the system’s reference siandard
deviation is deteriined using the algebraic expression of Equation (] i.14)
as:

f{0.0413 + {0.019% + {~0.062)° + Alo.Dmful.ﬁ;.obm.N% + (=0.017% + (0.005)?

v 7-3

= r0.05 111.16)

This can be computed using the matrix expression of Equation (11.14) as

vy

.wanf\a

VIV = (0041 0019 -0062 -0.058 0022 -0.017 0.005)

T 0.041
C.019

-0.062

X 1 —=0.058 | = 0.0i0
0.022

=0.017
0.005 |

— -l

Sy = ﬁ@mhvn +(.05 ft (1107

11.5.2 Weighted Example

Notice that the weights are used when computing the reference standard de-
viation in Equation (11.15). That is, each residual 1s squared and multiphed

i

|
11.6 ANOTHER WEIGHTED ADJUSTMENT 2(

|

by its weight, and thus the reference standard deviation, computed using noj
matrix methods, is _

5o = Lo
200507 ¢ 4(0.010) + 6(-0.053)" + 4(~0.067) + 6(0019) + 6(~0011F = 610010)' | ~! 8
v 7-3 i

i

= qﬁﬁuu +0.107 (111 =,
Vo4 |

i is ieft as an exercise to verify this result by solving the matrix expressig )
of Equation (11.15). [——
1<y
[

ffig
11.6 ANOTHER WEIGHTED ADJUSTMENT m =

Example 1.1 The level net shown in Figure 11.3 wzas measurz¢ with :m
following results (the elevation differences and stancard deviations are m?m £ °

in meters, and the levation of A is 437.596 mj: Lo
From: To: AElev o From: To: AElev c

A B 10.509 0.006 D A —-7.348 0.003
B C 5.380 0.004 B D -3.167 0.004
C D -8.523 0.005 A C 15,881 0.012

What are the most probable values for the elevations of B, C, and D?

SOLUTION
Step 1: Write the observation equations without their weights:

H +8 =A+ 10509 + v, = 448.105 + v,
(2) =B #C = 5360 + _cu

3) ~C +D=-8523 + v,

(4) -D=-A~- 7348 + vy, = —d444.944 + v,
(5) -B +D = =3.167 + v,

(6) G =A+ 15881 + v, = 453477 + o,

Step 2: Pewrite observation equations in matrix form AY = E+ Vas




210 ADJUSTMENT OF LEVEL NETS

D
Figure 11.3 Level net.

1 0 0 448.1057 [,
-1 1 0frp 5360 | | v,

0 -1 1 _| -ssz3, |

0 o -1||§|T|-wasaa| o, (1.19)
-1 0 -3167| | v,

o 1 0 453477] |,

Step 3: In accordance with Equations (9.4) and (9.6), form the weight matrix

g _ o
_B 0 0 0 0
o006t °
1
- 0 0 0
0 Goo@
# .
0 8 =——= 0 0 0
W = 0.005 _ (11.20)
—_— 0
0 0 0 e @ 0
I
0 0 0 ¢ @ O
1
0 0 0 0 8 G
from which
27778 0 0 0 0 0 -
0 62500 0 0 0 0
| o 0 40000 O 0 0
=1 9 0 0 1ILIIl 0 p | k2D
0 0 0 0 62500 0
0 0 0 0 0 6944

Step 4: Compute the normal equations using Equation (10.34):
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(ATWA)X = NX = ATWL (11.22)

This gives

152,778 —=62,500 -62,500 B
N=|-62500 109,444 —40,000 X=4C
-62,500 —40,000 213,611 D
12,310,298.611
ATWL = | 3,825,065.833
48,899,364.722

Step 5: Solve for the X matrix using Equation (10.35), which yields
448.1087
X = | 453.4685 (11.23)
444.9436

Step 6: Compute the residuals using the matrix expression V = AX — L

448.1087 448.105 0.0037
5.3598 5.360 ~0.0002
| -8s5249| | -8523|_ | -0.0019
V=1 _444.9436 —444.944 | = | 0.0004 (11.24)
~3.1651 ~3.167 0.0019
453.4685 453477 —~0.0085

Step 7: Calculate the reference standard deviation for the adjustment using
the matrix expression of Equation (11.15).

VWV = [0.0037 -0.0002 -0.0019 0.0004 0.0019 -0.0085]W

0.0037
~0.0002

| -00019| _

x| " o.000a | = [1:26976] (11.25)
0.0019

-0.0085

Since the number of system redundancies is the number of observations minus
the number of unknowns, » = 6 — 3 = 3. and thus §_ is

g g e Sy = 138970 . +04575 m (11.26)

-y
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Step &: Tabulate the results showing the adjusted elevation differences. their
residuals, and the final adjusted elevations.

Adjusted
From To AElev Residual Station Adjusted Elevation
A B 10.513 0.004 A 437.596
B c 5.360 0.000 B 448.109
c D -8.525 ~-0.002 C 453.468
D A -7.348 0.000 D 444944
B D -3.165 0.002
A & 15.872 -0.009
PROBLEMS

Note: For problems below requiring least-squares adjustment, if a computer
program is not distinctly specified for use in the problem, it is expected that
the least-squares algorithm will be solved using the program MATRIX which
is included within the diskette supplied with the book.

11.1  For the leveling network shown in Figure 11.4, calculate the most
probable elevations for X and Y. Use an unweighted least-squares
adjustment with the observed values given in the accompanying table.

Line AElev
1 , ) +1.00
2 +0.08
3 +0.92
4 -1.00
5 +0.08

BM A = 100.00 BM B8 =101.00
o (1) 2 =
Y
(3)
X
(4 (5)
™
g “a
BM C = 103.00 BM D = 102.00

Figure 11.4

11.2

11.3
11.4

11.5

11.6
11.7

(a) What are the most probable values for the adjusted elevation di

PROBLEMS 213

For Problem 11.1, compute the reference standard deviation and tab-
ulate the adjusted observations and their residuals. .

Do Problem 11.1 using Program ADJUST.

For the leveling network shown in Figure 11.5, calculate the most |
probable elevations for X, Y, and Z. The observed values and line §
lengths are given in the table. Apply appropriate weights in the com- -
putations. ,

Line Length AElev Line Length AElev

1 4 +1.05 4 2 -1.95
2 4 -0.95 5 ! +0.10
3 2 +2.10 6 3 +0.05

For Problem !1.4, compute the reference standard deviation, and tab- ¢
ulate the adjusted observations and their residuals :

Use Program ADJUST to solve Problem 11.4.

A line of differential levels was run from benchmark Oak (elevation
753.01) to station 13+00 on a proposed road alignment. It continued *
along the alignment to 19+00. Rod readings were taken on stakes set |
at each full station. The circuit then closed on benchmark Bridge
_EE_._N an elevation of 764.95 ft. The observed elevation differences,:
in order, are —3.03, 4.10, 4.03, 7.92, 7.99, —6.00, —6.02, and 2.98°
ft. A check measurement between benchmark Rock (elevation =
772.39 ft) and station 16400 gives an elevation difference of —6.34
ft.

ferences?
(b) What is the reference standard deviation for the adjustment?
(c) Tabulate the adjusted observations and their residuals.

BM B = 100.00

BM A = 100.00
Figure 11.5




