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Summary

A method of construction of equireplicate balanced block designs with unequal
block sizesfrpm balancedincomplete block (BIB) designs, together with a
table of new designs in the range r ^ 30 have been given.
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Introduction

A block design is called variance ;c-balanced if all elementary treatment
contrasts are estimated with same variance. A connected block design is
variance-balanced ifiF, _ ,

C = 0 (/ — v~V), where 0 is a constant.

A connected block design is eflSciency-balanced iff,

NK-'^N' = (Ai? + {(1 - V-)ln} rr' where r' = (r^, r^, , rv),

R = diag ifI, Vi, . . . , rv), K = diag (/cj, kz, . . . , kt), n is number of
experimental units, is constant and the efficiency factor of the design
is 1 - 1^.

The balanced block designs considered here are equireplicate, hence
these are variance-balanced as well as efficiency-balanced. The construc
tion and tabulation of equircplicate balanced block designs have been
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Studied by Gupta "and Jones [2], Agarwal and Kumar [1], Jones, Sinha
and Kageyama [3], Sinha and Jones [7], Sinha [5,6, 8], The designs have
been listed in the range r < 30.
- Here, a method of construction of equireplicate balanced block designs
with unequal block sizes from balanced incomplete block (BIB) designs
and in general from f-designs, together with a tableof new designs in the
range r < 30 have been given.

2. The Method

Theorem 1. The existence of a BIBD (v', b', r', k'-. A') implies the
existence of equireplicate balancedblock designs with parameters',

V= v' —p, r = r'ic' —pA', p = I, 2, ki = k' i + I, i = 2, p + I
b^=k' {b' - pr' + {p- ly A'}, b, = p{r' -(p-l) V} {k' - 1) .

(p —1) A' {k' — 2), w{the comtnon sum of weighted concurrences)
= A'. ' ^2.1)

Proof. Without loss of generality, the last p treatments are deleted
from the BIBD. Then the set of blocks of size {k' — i + 1), / = 1, 2,
p + 1, are repeated (fc' —i + 1) times to obtain an equireplicate balanc
ed block design with parameters (2.1).

When p = 1, we obtaina set of r' blocks of size (&' - 1) and replica
tion A'; and, another set of b' —r' blocks of size A:' with replication
r'-W

When p = 2, in the blocks "of size k' —2, we have ri = 1, ra = 0; in
the blocks of size k' - 1, we have r^ = 2 (A' - 1),>2 = 2X'; and in the
blocks of size k', we have r^ = r' - 2 X' + A, r^ = r' - 2 X'. Since over
dl the sets of blocks, obtained by deleting the last two treatments of the
BIBD, the design is pairwise-balanced design with A= A', and blocks of ,
sizes k' —i + I are repeated k' —i + I times, we get the common sum
of weighted concurrences as w= A*. In general, p treatrnents (1 ^ p < 0
may be deleted from a f-design, to obtain equireplicate balanced block
designs, in a manner analogous to the above theorem.

Example. Let us consider a BIB design no. i?15 : v = 8, 6 = 14,
r = 7, A: = 4, A = 3; , '

(0125) (1236) (0234) (1345). (2456) (0356) (0146)

(1247) (2.^57) (3467) (0457) (1567) (0267) (0137),
which is also a 3-design with Ag = 1,
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Now by deletingp = 1, 2, 3 treatments, we get, respectively, equirep-
licate balanced designs :

(i) V= 7, r = 25. ki = 4, 3, = 28, = 21, w = 3, lOOE" = 84.00,

(ii) V= 6, r = 22, ki =. 4, 3, 2, b, = 12, b, = 24, 63 = 6, « = 3,
IOOjE" = 81.82,

(iii) V= 5, r = 19, ki = 4, 3, 2, 1, bi = 4, b-i = 18, bs = 12, bi — 1,
61 = 3, 100i& = 78.95.

TABLE 1-NEW EQUIREPLICATE BALANCED BLOCK DESIGNS

SI. Source (No. of
No. V r ki.

i= 1,2,3
bi bi 63 CO lOOE treatments

deleted)

1 , 5 7 3-1 + 1 6- 8 1 1 71.43 RIO (2)

2 5 12 4 - i + 1 4 12 4 2 - 83.33 Rll (2)

3 5 13 3.2 15 10 — 2 76 92 R7 -d)

4 6 22 4 - / + 1 12 24 6 3 81.82 R15 (2)

5 7 25 4, 3' 28 21 __ 3 84.00 iil5 (1)

6 7 10 3 r- / + 1 15 12 l' 1 70.00 R17 (2)

7 7 26 4-1 + 1 20 30 6 . 3 80.77 R19 (2)

8 8 20 4-1 + 1 20 24 4 2 80.00 R23 (2)

• 9 8 23 3 - /• + 1 42 28 2 2 '69.57 R25 (2)

10 8 29 4,3 40 24 — 3 82.76 J?19(l)

-,11 9 •21 5 - i + 1 15 24 6 2 85.71 R29 (2)

12 9 25 3,2 63 18 — 2 72.00" J?25(l)

.13 9 30 6 - / + 1 12 30 12 3 90.00 R30 (2)

14 10 29 .3 - J.+ 1 72 36 2 2 6S.97 R34 (2)

15 11 14 4 ^ j + 1 24 18 2 1 78.57 . R31(2)

16 11 16 3 - / + 1 45 20 1 1 68.75 RiS (2)

17 13 19 3- i + 1 66 24 1 68.42 R42 (2)

18 14 18

+

.1

44 24 2 11,IS •R46(2)

19 - 17 25 3 - <• + 1 120 32 1 1 68.00 i?54(2)

20 18 26 3,2 •144 18 , — 69.23 ^54(1)

21 19 23 5 - «• + 1 60 32 , 3 1 82.61 iJ58 (2)

22 19 28 3-1 + 1 153 36 1 1 67.86 R59(2)

23 20 29 3,2 180 20 — 68.96 R59 (1)

24 23 28 5 - / + I 95 40 3 1 82.14 i{65(2)

25 23 . 30 4 - i + 1 140 42 2 1 76.67 , ;J66 (2)

26 24 29 5.4 120 24 — 1 82.76 . R65 (1)
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The Rnumbers are BTBDs from Raghavarao [4]. The efficiency factor
of an equireplicate balanced block design is given by, E = v(x>lr.
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