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Table 1. VE summary. 

Item 

Esti mated design savings . 
Cons truction savings 

Total 

Savings ($000s) 

1979-1980 

9,838 
__ o_ 
9,838 

1980-1981 

l l,749 
_l__,__ill_ 

12,927 

1981 - 1982 

l l ,24 1 
___11Q_ 

11,4 61 

Note: Nu mber of VE studies is as follows : 1979-1980, 12; 1980- 1981, 60; 
198 1-1982, 60. 

should be doubled to show the construction cost re
duction. 

A VE program is not without its problems. There 
are the usual problems of acceptance of a new pro
gram, especially one the purpose of which is to 
question established ways of thinking and to ques
tion the work of designers. This can be overcome by 
good top management support of the program. Without 
top-level support a VE program will not succeed. 
With top-level support it has a fair chance of suc
cess. Pennsylvania has been fortunate, because 
Thomas Larson, Secretary of Transportation, is a 
strong supporter of VE and is conunitted to making 
the program work. 

Another serious problem is acceptance of the pro
gram by contractors. Many delays have arisen in 
PennOOT' s construction program because of arguments 
over prices and costs in a contractor's proposal. A 
contractor's education program is being planned that 
will describe the steps that a contractor must fol
low for the submission of a VE proposal. It will 
emphasize that a contractor's proposal must be com
plete and must contain justifiable prices. Pro
posals that are complete and accurate are evaluated 
quickly. An important point, to which all agencies 
adhere strictly, is that a VE proposal is not ap
proved until the contract change order has been ap
proved. 

Contractors and others have questioned this pol
icy of strict price justification. They claim that 
the department is saving money anyway, so why should 
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their pr ices be questioned? The response is sim
ple. We owe it to the taxpayer to save the maximum 
amount possible. Otherwise contractors could manip
ulate the prices so that they got a 60 percent o r 
even 75 percent share of the savings. 

RECOMMENDATIONS 

PennOOT's experience can prove valuable to other 
agencies that would like to start a VE program. The 
following reconunendations may be useful: 

1. Obtain top management support. Without this 
support, creative ideas will be suppressed, and 
local staff may lack the incentive to continue with 
the program. 

2. Adopt a multidisciplinary approach. Environ
mentalists, planners, right-of-way specialists, law
yers, and others will bring a fresh point of view on 
a problem, whereas designers and engineers may, 
through old traditions, be restricted in their 
thinking. 

3. Let district or regional personnel perform 
the studies, but with a central guiding policy and 
support. 

CONCLUSION 

VE works. PennOOT has, over the past 2. 5 years, 
saved more than $30 million without reducing per
formance. A statewide policy has been instituted 
within the framework of which VE is promoted at the 
district or regional level. Contractors have been 
encouraged to join the VE program by adding an in
centive clause to construction contracts. VE has 
even been marketed by using training programs, post
ers, and pamphlets. 
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Pennsylvania's Inventory Reduction Program 
PARKER F. WILLIAMS 

In October 1981 the Pennsylvania Department of Transportation (PennDOT) 
launched a statewide inventory reduction program. Results have been dra
matic. In September 1982, 1 year after the start of the program, inventories 
have been reduced by more than $14 million (30 percent). A description of 
the underlying causes for excossive inventories at Penn DOT, sp,ecific remedies 
that have developed to reduce inventories, the results to date, and actions 
planned for the future are presented. The methodology includes the use of 
fairly simple inventory management performance indicators such as turnover 
ratios, zero-use reports, and inventory values per lane mile to highlight ex
cessive inventories and establish priorities for their reduction. PennDOT's 
program is especially relevant to other states that have computerized systems 
but can also be useful to those whose automated systems are in the design 
stage. 

The purchase of materials and supplies is the 
largest cost element in a transportation depart
ment's highway and bridge maintenance program next 
to wages and contract maintenance. The private 

sector has long recognized that the major potential 
for controlling these costs lies in inventory man
agement. Because of the astronomical costs of fi
nancing inventories at today's interest rates, pro
grams to reduce inventories have been placed high on 
the priority list of private-sector materials man
agement goals. 

Consistent with the efforts in Pennsylvania to 
apply proven business practices to state government, 
the Pennsylvania Department of Transportation 
(PennDOT) has concentrated on applying basic inven
tory management techniques to reduce inventory 
costs. Clearly transportation agencies faced with 
dwindling funding levels that do not match even the 
most basic maintenance needs must recognize the 
large cost savings potential in reducing excessive 
inventories. 
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NEED FOR INVENTORY REDUCTION 

Pennsylvania has the fourth largest state transpor
tation system in the United States: 45,000 miles of 
highway and 27,000 bridges. Because the three states 
with larger systems have warm climates, Pennsylva
nia's system is the most difficult to maintain. 
Because of declining liquid fuels revenues, the 
General Assembly appropriated only $439.4 million 
for Pennsylvania's road and bridge maintenance pro
gram in FY 1980-1981, some $46 million less than in 
1979-1980. An ambitious highway and bridge mainte
mmr.P program coupled with this reduction in reve
nues made it clear that cost efficiencies and pro
ductivity improvements would be needed to carry out 
the program. 

Inventory carrying costs are at least 20 to 25 
percent per year (.!.). PennDOT' s statewide inven
tories as of June 1981 totaled $48.l million (see 
Figure 1). With a conservative carrying cost of 20 
percent (includes storage and financing costs), 
every $1 million reduction in inventory could save 
$200,000. 

Field visits by top management to county yards, 
stockpiles, and storerooms confirmed that inven
tories were excessive compared with operational 
needs. Clearly PennDOT's Automated Inventory Manage
ment System (AIMS), in place since 1975, was not 
serving its primary inventory management objective. 
Secretary of Transportation Thomas Larson, aware of 
the potential cost savings, charged the Bureau of 
Office Services with the task of determining the 
causes of high inventories and developing an inven
tory reduction program to reduce levels without 
impairing the achievement of maintenance goals. 

AIMS 

To gain a better understanding of how the PennOOT 
inventory reduction program was developed, it is 

Figure 1. Inventory reduction and lane miles by engineering district. 
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first necessary to provide a brief description of 
the inventory management system. In the late 1960s, 
PennOOT made a long-term management commitment to 
automate inventory record keeping, procurement, and 
materials use functions and began phased institution 
of the system now known as AIMS. By mid-1975 the 
system was fully operational in all district of
fices; since 1975 all central warehouses have been 
incorporated into the gyRtem. 

AIMS is an on-line, real-time, remote-data-entry 
computer system that automates routine clerical 
procedures for inventory accounting, purchase order 
preparation, and materials use accounting. AIMS 
provides managers with automated control med1crnisms 
and ready access to the information needed for deci
sion making. 

Operating-level managers establish reorder points 
and reorder quantities. By means of the remote-data
entry terminal located at all district offices and 
central warehouses, receipts and issues are posted 
to inventory records; low-stock notices are given; 
orders are placed; fiscal control over material 
budgets is maintained; and information on current 
inventories, open orders, physical inventory adjust
ments, and historical use is maintained. Summarized 
reporting is provided at all management levels and 
data are captured for reporting and analysis. 

The director of the Bureau of Office Services as 
materials manager has overall responsibility for the 
AIMS system. 'l'ne Bureau of riai.ncentam . .:e provides 
guidelines to district materials coordinators on the 
technical aspects of ordering and using materials. 

Each of the engineering districts has an AIMS 
coordinator who approves or disapproves orders and 
monitors inventory records, controls, and system 
performance. Each county maintenance district has a 
materials coordinator and a storekeeper who oversee 
AIMS at the operating level. 

During FY 1981-1982, AIMS was used to control 
14,712 different commodities at 1,053 separate loca-
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tions. The system processed 17,168 orders and 
513,409 issue transactions representing $121.6 mil
lion in materials charges to the accounting system. 

CAUSES OF EXCESSIVE INVENTORIES 

After numerous field visits and extensive discus
sions with responsible individuals, five primary 
causes of high inventories were identified. 

Lac k o f Management commitment 

The best-designed inventory management system will 
not work effectively unless managers direct l y re
sponsible fo r inve n t ories are c ommi t t ed t o, and 
i ns i st on , accurate a nd t i mely i nput o f the o rder, 
receipt, issue, transfer, and adjustment transac
tions critical to the effective operation of the 
system. Moreover, these managers must also be 
directly involved with, and take an active interest 
in, reviewing and analyzing the system's summary 
reports to be able to monitor and successfully con
trol materials use and inventory levels. 

There are three reasons that county-level man
agers were not motivated to adequately control in
ventories. First, the AIMS system was pr i ma rily 
designed and established by cen t r al office a nd en
gineering district staff with less involvement of 
the county maintenance staff who are responsible for 
entering transactions and overseeing the system at 
the operational level. As a result operating-level 
management did not totally understand the complex
ities of the system and even viewed it as a threat. 
Second, it was difficult to get county-level manage
ment interested in reducing inventory levels. Many 
managers did not see the cost savings that resulted 
from lower inventories, only the possible loss in 
production if critical materials were not in stock. 
This has resulted in the tendency to stockpile mate
rials for unforeseeable future needs, Third, top
level management in previous administrations did not 
place a high priority on inventory management. This 
lack of management commitment at all levels was the 
key reason for excessive inventory. 

Lack of Quant i tative Methods 

Quantitative methods were not being extensively used 
to answer the four questions common to any inventory 
management system: (a) Which items or group of items 
should be more closely controlled? (b) How much and 
which types of items would be needed to meet the 
production plan (demand)? (c) When must an item be 
ordered (reorder point)? (d) What quantity must be 
ordered (order quantity)? The first question can be 
answered by use of ABC analysis (discussed later) , 
the second by systematic materials requirements 
planning (MRP) , and the third and fourth by mathe
matical determi nation of the economic o r de r quantity 
(EOQ). Althoug h these quantitative tec hniques are 
commonly used in the private sector, they were not 
being used by PennDOT. 

Surplus 

Excessive inventory always leads to surplus. There 
is a natural tendency, even in an organization with 
a well-managed inventory program, to hold on to 
items even if they can be clearly identified as 
surplus. Several categories of surplus were identi
fied at PennDOT: usable items overstocked in a par
ticular county maintenance district or statewide, 
items obsolete in one county but usable in another, 
items obsolete statewide but having a salable value, 
salable scrap or wornout items, and junk with little 
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or no value. Surplus was an especially difficult 
problem for several reasons. 

First, without any AIMS exception reports to 
compare inventory levels and use or to determine 
whether an item had been used recently, the extent 
of the surplus problem could not be accurately de
termined. Second, there were no ongoing central 
efforts to identify and encourage the transfer of 
items excessive or obsolete in one county to another 
county where the items could be used. Third, there 
was a lack of knowledge of how to dispose of sur
plus. Fourth, inventory managers had a tendency to 
retain surplus even if it could be sold, because 
surplus revenues were not credited back to their 
budgets. Fifth, planning for the introduction of 
new materials was inadequate. The quantity, value, 
and location of material that would be made obsolete 
by the introduction of improved material were not 
identified nor were policy guidelines issued that 
required the use of existing material before new 
material was ordered. Sixth, not unique to PennDOT, 
is the obsolescence of equipment repair parts, which 
occurs as a result of the competitive bidding pro
cess. As equipment produced by one manufacturer 
ages and needs to be replaced, there is always the 
chance that the low bidder on the new equipment will 
be a different manufacturer. 

Procurement Methods 

PennIX>T must operate its procurement functions with
in the policies of the Commonwealth as administered 
by the Department of General Services. Three basic 
procurement methods apply: contract purchasing, 
requisition purchasing, and local purchasing. 

Contract Purchasing 

Contracts are established by General Services for 
major material items regularly purchased by many 
organizations at locations throughout the state. 
Some examples of material contracts are those for 
tires and tubes, motor fuels and lubricants, winter 
materials, aggregates, bituminous materials, and 
pipe. Contracts i nc l ude the free-on-board (FOB) 
delivered price for ever y purchasing locat i on . The 
cont rac t s are l oaded i nto AIMS for automated prepa
r atio n o f a pur chase o rde r ~he n a reorde r poi nt has 
been r eache d. Bene fit s i nc l ude f ixed pr ices , usually 
fo r 1 yea r , ease of ord e ring , a nd timely rece i pt o f 
materials i n t he exac t q uant ity ne eded. However , 
because o f the ex tensive and time- cons uming p r ocess 
invol ved i n assembl ing e ach agency' s r equ i reme nts 
a nd bidding, awarding, preparing, a nd d istributing 
the con tract, i t was not unus ua l f o r t he eids ting 
contract to lapse before the new contract was avail
able. In the absence of assurances that a new con
tract would be loaded into AIMS before the existing 
contract expired, stockpiling before the end of a 
contract was the rule, especially for critical main
tenance materials. An added problem with contracts 
was the minimum order quantity, which could force 
excessive inventory if it exceeded immediate needs. 

Requisition Purchasing 

A purchase requisition must be prepared, either 
manually or through the AIMS system, for commodities 
not on contract when the order amount exceeds 
$1,500. The requisition is processed through the 
Transportation Procurement Section and goes to 
General Service s f o r bidding a nd a wa r d , a process 
that takes an average o f 90 days to comple t e. To 
gain a better p r ice on noncont r act col'l\mod ities used 
by maintenance districts throughout the state, the 
Procurement Section solicits annual requirements 
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from each maintenance district for a group purchase. 
The elaps ed time be tween solicitation of needs and 
delivery of materials is 6 t o 9 months. The l ong 
lead t ime coupled with t he l ack of AIMS r eports 
correlating past use with inventory and the neces
sity of purchasing the estimated quantities results 
in excessive inventory levels. 

AIMS reports the quantity and value of inventory by 
commodity and location and use of each commodity in 
units and dollars for the current month, year to 
date, last fiscal year to date, and last fiscal 
year . The s ystem also p rovides aggrega c~ cvtal5 f 04 

commodity g roups a nd all commod itie·s a t a par t i cul a r 
location , all l ocations i n a county combined , and 
all counties in a n e ngineering d ist rict, and state 
wide t o tals. Bowever , a county manager res ponsible 
for inventory management could not readily determine 
through existing AIMS _r epor ts the value o f count y 
i nventor y compared with that of o t her counties , how 
many months ' stock wa s on hand ·n re lat i on to use, 
or wh i c h i t ems retlecteu 110 use and shoul d be t rans 
ferred or sold as surplus. 

Local Purchasing 

Materials not available through contract may be 
purchased locally by the district office if the 
nrnPr nnPR not exceed $1,500. Because materials 
purchased locally are read ily available and usually 
used with in a short per iod of time , this procurement 
method was not a cause of high inventories. PENNDOT'S INVENTORY REDUCTION PROGRAM 

Lack of Invento ry Management Performance Indicators The primary causes of high inventory were identified 
and presented to top management in May 1981. In 
October 1981 the Inventory Reduction Program was 
l aunched by Sec retary Larson . The fo l l owing d i scus
sion de.scr i bes the specif ic pe rformance i ndicators 
developed t o establish i nventory r eduction goals and 
what spec ific remedies wer e i nstituted to he l p 
a ch i eve thos e goals . The key cause of hi gh i nven
tories, lack of management commitment, was resolved 
when the program received top management's endorse
ment. 

A critical element in any inventory management pro
gram i s t he measurement of the progr am ' s success. 
Without perfor mance ind ica t or s , it is difficult to 
establish and mon ito,r i nventor y goals and to i den
tify problems that require management attention. 
With AIMS a variety of useful information was being 
reported to inventory managers on the system's oper
ation, but the data were not being correlated into 
exception and performance reports. 

Table 1. Zero-use report. 

PROG 3584710 

ORG 011 
COIIMOOITY QUANTITY 

For example, 

ZERO USAGE REPORT 
JULY, 1981 THRU JUIIE, 19.32 

VALUE OF 

RUii OATE 06/30/82 PAGE 
& TIME 20 : 27 

15 

STKPL CODE ON HAIIO UNIT PRICE Oil HAHD U/M H011EHCLATURE OESCIPTION 

01 8010-2400-0201 
01 8010-4000 - 0206 
01 8010- 4200-0200 
01 8010-5400- 0102 
01 8010-5400-0204 
01 8010-5450-0402 
01 8010-6100-0200 
01 8010-9900-1070 
01 8010-9900-1128 
01 56)0 - 4500-0410 
01 5350 - 6000-0500 
01 9545-0100-0050 
01 9545- 0100-0104 
01 9545-0100-0250 
01 9545-0100-0352 
01 9545-0200-0081 
01 9545-0200-0128 
01 9545-0200-0140 
01 7920-5310-0200 
01 7920-5800-0300 
01 7920 - 5600-0605 
01 7920 - 6230-1303 
01 7930-2475-0907 
01 7930-3400-0400 
01 8110 - 2000-0250 
01 8540-3001-0300 
01 2805-0199- 0115 
01 2805 - 0199-0228 
01 2805-0199-0308 
01 2805 - 0199-0330 
01 2605-0199- 0400 
01 2805- 0199-0443 
01 6505-3756-0100 
01 6545 - 1015-0053 
01 6545-1020-0204 
01 7,40- 4200-1002 
01 6415-5500-1156 
01 8415- 5500-4100 
01 8415-7000-0103 
01 8~15-7000-0409 
01 6340-1000-1508 
01 8340-2000-1000 
01 8340-2000-2000 
01 8,oS- 6600-0102 
01 8405-6700-0104 
Ol 8405-6700-0308 
01 8405-6700-0400 
01 8405-6800-0106 

4.0 
.o 
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10 . 00 
10.00 

9 .50 
10.00 
10 . 00 
10.00 
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8 : 58 

10.50 
4.20 
2.93 

29 . 95 
30.00 
30.30 
30 . 90 
32.00 
21.00 
23.25 
1.21 

88 . 80 
39.96 
37 . 59 

3. 72 
. 18 

11 . 82 
21.65 

. 17 
1.40 
9.88 
2 . 16 
9.58 
l . t4 
9.38 

13 . 48 
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39.15 
1.54 
1.20 

13.90 
13.90 

.38 
76.00 

101.00 
11.46 
10.00 
10.CO 
10.00 

2.00 

$40 . 00 GAL PAIIH, 14 
$.00 GAL PAIHT,16 

$760 . 00 GAL PAIHT,112 
$210.00 GAL PAIHT,llZY 
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$30.00 GAL PAIIIT,PRIMER 

$. 00 CAN PAlUT ,MRL SP 
t.00 GAL PAIHT, 13 

$252.00 GAL PAHIT 19 
$.00 BAG CEMEIIT 

$750.08 BAG ADRASIVE 
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$.00 BAG TIES 
$. 00 BAG TIES 
t. 00 BAG TIES 
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$39.96 DOZEN HOP, DUST 

$ . 00 EACH 110P EQUIP 
$204.60 GAL DETERGENT 

t. 00 EACH POl:DER 
$. 00 EACH COVER, DONE 
$.00 CASE TOWELS 

$4 . 90 EACH FILTER&COVER 
$9.80 EACII FILTER&COVER 
$9.88 EACH RESPIRATOR 

$21.60 EACH FILTER 
$.00 EACH RESPIRATOR 

$13.12 EACH CARTRIDGE 
t. 00 UNIT HIUIHVY 

tl3.48 EACH KIT,FIRSTAID 
$. 00 UIIIT BAtmAGE 

$ 352. 35 EACH CAIi, DSPIISER 
$77. 00 EACH SUSPEtlSIOIIS 

$.00 EACH LINER,J.IIHTER 
$41.70 PAIR GUAPO,FOOT 
$41.70 PAIR GUARD,FOOT 

$.00 SCI FT TARPAULIN 
f.00 EACH TARPAULIN 
$.00 EACH TARPAULIN 

$68 . 76 EACH JACKET 
UO. 00 EACH PAIITS 
$70.00 EACH PAIITS 
$20.00 EACH PANTS 
n2.oo EACII HOOD 

BLUE GLASS HISTORICAL SIGHS l GALLON CAN 
BLACK SEMI-GLOSS SIGH POSTS l GALLOH CAH 
WHITE GLOSS 1-1000 5 GALLOtl CAN 
YELLOW ZIIIC PRIMER STRUCTL TOUCH-UP 1 GALLON CAN 
YELLOl,I ZINC PRIMER STRUCTL TOUCH-UPS GALLON CAH 
ZIIIC-OUST zrnc OXIDE PRIMER l GALLON CAN 
MltlERAL SPIIUTS 5 GALLOII CAN 
YELLOl,l EtlAtlEL, 5 GH CAN 
AIITIQ BROIIZE MIIIERL SP ALK RESIH BRIDGE l GAL CH 
OCTOCRETE FAST-SETTII~, 50 LB . BAG 
SAIID BLASTING 
BLACK AIUlEALED IS GAUGE, SPEC. FED. QQ-W-46lf 
BLACK AlfflEALED 19 GAUGE, SPEC . FED . QQ-W-46IF 
BLACK AtUIEALED UZ GAUGE, SPEC. FED. QQ-W- 461F 
BLACK A~lEALED •14 GAUGE, SPEC. FED. QQ-W- 461F 
81H ANNEALEO I-IIRE 14 GAGE 5000 PER BAG 
121H AlltlEAL[O HIRE 14 GAGE 2500 PER BAG 
141H ANIIEALEO J.IIRE 14 GAGE 2500 PER BAG 
TAPEREO,HARmlD00,60 IN. ,FOR HWY ST. BROOMS 
OUST, SLIP-OH, W/HDLE, 22 IH . FRAME,30 IN.SURFACE 
REPLACEMEIIT HEAD FOR 30 IN SURFACE lll30LTR 
l.lDIN~ER,BUCKET-TYPE I CLASS A,STYLE l,SJZE l 
ALKALIIIE LICIIHO DETERGENT FOR BIG RIG STEAM CLHG 
SCOURIIIG W/ 0 BLEACH ( 48/14 OZ CANS PER CASE I 
HOT-OlPEO , GALV ., SELF CLOSE DOME COVER,55 GAL CAN 
PAPER, ROLL, GRADE A, CLASS II 

R-10 DUST PRE-FILTER 
R-21 ORGAIUC, VAPOR, PAIHTIIIG 

SFRAY PAIIITlllG PROTECTION, CONPLETE 
R-15 PAIIITlllG PRE-FILTER 

WELDillG FROTECTIOtl, COMPLETE 
R-12 DUST ,FUNES,I-IELDIIIG 

lCC VIALS 4 TO UtlIT 
W/ STI:IG-KILL DEPT.OF TRAUS FIRST AID 10 UHIT 
PLASTIC ADIIESIVE 2IH . X3-l / 2 W. 02-09-15 
SAFETY DISPEllSER 5GAL. RE: EAGLE tlODEL U2-S1-S 
ADJ 6 3/ 4-7 5/ 8 FOR HARD CAPS IIYLDH WEB VINYL DD 
FOR HARD CAPS,SIZE SMALL UP TO 7 1/8 
PROTECTlVE,SAtlKEY IMEtl.)Sl_ZOO ALUM.ALLOY, 5 IH. 
PROTECTlVE,SAIIKEYltlEtli>Sl 200 ALUl1 . ALY,5-l/Z Ill. 
CLASS l VARIOUS SIZES -
STOCKPILE COVER, 24 FT. X 36 FT HT 26 
STOCKPILE COVER, 24 FT. X 48 FT . MT 27 
RAltl, StlALL 136-381 
OVERALL, SMALL 
OVERALL, LARGE 
OVERALL, X/ LARGE 
RAIII, OI~ SIZE FITS ALL 
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Inventory Ma nagement Performance Indicators 

Three performance reports were designed: zero-use, 
inventory turnover, and inventory value versus lane 
miles. 

Zero-use Report 

It was clear that eliminating surp lus inventory and 
junk held the greatest i mmediate potential for in
ventory reduction. Thus the first performance report 
was developed to give inventory managers a tool to 
assist in identifying those items in inventory that 
had not been used recently. The report is prepared 
monthly from AIMS Inventory Master File records and 
reflects all inventory records for an organization 
(county maintenance district, engineering district, 
or central warehouse) against which there have been 
no issue transactions during the previous 12-month 
period (Table 1). 

When the baseline report was run, the zero-use 
value totaled $13.9 million, or 29 percent, of the 
June 30, 1981, total inventory value. This was the 
first time that the magnitude of excessive and sur
p lus inventories had been quantif ied. The I nve ntory 
Reduction Program set an initial goal to r educe the 
value of zero-use items 50 percent by June 30, 
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1982--a goal that would result in a more than $7 
million inventory reduction. 

Inventory Turnover Report 

It was also clear that, for reasons already cited, 
storekeepers and materials coordinators were setting 
reorder points and quantities so that they would 
never be out of stock. As a result, quantities in 
inventory represented far more than immediate needs 
plus a safety stock. The problem was that the AIMS 
system was not reporting a performance measure that 
has been the most wi dely used i nve n tory management 
indicator in the pr i vate sector--inve ntory turnover. 

Inventory turnover is the quantitative measure
ment of the number of times each item in inventory 
turns over each year. When expressed a little dif
ferently, it tells an inventory manager, based on 
the past 12 months' use, the number of months that 
the on-hand quantity will last. The turnover rate 
is used to identify items that may be overstocked or 
understocked. The inventory turnover report is 
prepared monthly from AIMS Inventory Master File 
records and is calculated by comparing total use in 
units for the previous 12-month period with the 
average number of units held in inventory for the 
same period (see Table 2). 

Table 2. Inventory turnover report. 

PROG P3584710 INVEllTOP.Y TUPNOVER RErORT BY ORG P.Ull DATE 06/ 30/82 PAGE 
& TIME 20 :27 

7 
JULY, 1981 lHRU JUNE, l9B2 

ORG 011 GROUP 12 SIGII ACCESSORIES 

------AVERAGE lNVEHTORY--------
CCHMODllY CODE QTY VALUE 

0210-2291-0000 272 . 0 $1,572 . 62 
0210-2300-0000 1,122 . 0 $1,279.17 
0210-2320-0000 3 . 9 B6.36 
0210-23b0-0000 9 . 3 $69 . 69 
0210-2390-0000 103 . 0 $1,004.25 
0210-4020-0000 3.5 $84.99 
0210-4030-0000 4 . 9 $ 75 . OB 
0210-6010-00DD 10 . 0 $442.26 
0210-9010-0000 85 . l H,13.15 
0210-9020-0000 16.6 $26 . 15 

GROUP 12 TOTS 3,791.3 HB,918.40 

GROUP 13 SIGN RAW MATERIALS 

0210-1170-0000 2 . 2 t66 . 16 

GROUP 13 TOTS 2.2 t66.16 

TOT.Ill 
USAGE 

!UNITS l 

~27 . 0 
610 . 0 

14 . 0 
1. 0 

222 .0 
5 . 0 
2. 0 

24 . 0 
59 . 0 
25.0 

4,067 . 0 

6 . 0 

6.0 

GROUP 16 LHIE PAI ITT, BEADS & PROTECTORS 

8010-4320-0101 962 . 4 97,158 . 69 3,026 . 0 

GROUP 16 TOTS 962.4 97,158.69 3,026 . 0 

GPOUP 18 FASTENERS 

Sl0S-1S20-00l2 0.2 t . 33 l. 0 
530S-l520-00S6 0 . 5 U.06 4 . 0 
5305-1520-0103 0 . 2 $.61 2 . 0 
5305-1520-1104 0 . 2 S.81 3 . 0 
5305-1520-1206 0 . 5 S2.75 1. 0 
S305-1S20-l250 2 . 5 915. 78 1.0 
5305-1520-2207 0.0 S. 55 3. 0 
5305-1520-6109 1.0 $16 .15 1.0 
5305-1520-6550 0.6 $31. 21 1.0 
5305-1525-0033 0.5 H.11 2 . 0 
5)05-1525-0204 0 . 4 U . 63 1.0 
5305-1525-1103 0.2 $ .64 1.0 
5305-1525-2057 0 . 3 Sl.28 2 . 0 
5306-0510-3150 2 . 6 tlOl. 77 1.0 
5308-1000-025ft 3.3 t.89 1.0 
5308-1000-0356 2 . 7 U.54 5 . 0 
5308-1000-0'103 0.7 t . 54 3 . 0 

IHVEtlTORY 
TUPIW\/ER 
I HotntlS l IIOMEIICLATURE DESCRIPTIOII 

14.2 
16.5 

3 . 2 
111. 9 

5.5 
8 . 4 

29 . 4 
5.0 

17. 2 
7.9 

11.1 

4.4 

4.4 

3 . 7 

3.7 

3.0 
1.6 
1. 4 
0 . 9 
6 . 9 

30 . 9 
0 . 2 

12 . 0 
7. 9 
3. 4 
4 . 9 
3 . 0 
1. 9 

31.9 
39 . 9 
6 . 6 
3. 0 

H 2 29 
H 2 30 
H 2 31 
H 2 34 

H 2 3B 
H 4 2 
H 4 3 
H 6 1 
H 9 1 
H 9 2 

H 1 17 

1 CIIAN BAR AIICHORS 3FT 61N 4 . 0 LB 
CHAN BAR ST RA P 2.0LB 
CHAMIEL DRI VE CAPS HAN 2.75 LB 

CHANIIEL OR I VE CAP 6 FT . 
CHAN BAR BRK WA Y 8FT 2. 25 LB 

STE EL BAND IT BMlO 3/ 41N ROLL 
BMIO IT BUCKLES 3/4IH BOX 
FRAME PORT SIGN SUPPORT 361N 

ORANGE TRAFFIC CDIIE I 28 INCH I 
REF LE CTI VE OMlD I 28 II ICH I 

l!IVITS CHERRY POP 1000 BOX 

PAIIIT, TRAflC WHITE TPAFFIC LOW HF.AT ,RflPID ORY, 55 GAL DRUH 

SCREW,CAP ALY STEEL,HE XGN HO,GRflDE 5,DIA . 1/4,l . l/2 N. C.T. 
SCREW.CAP ALY STEEL ,HE XGN HD,GR.5,DIA.1/4 L. l NC 
~CllEW, CAP ALY STEEL,HE XGN HD , GRADE 5,0IA.l / 4,L.l/l/2N . C.T. 
SCP.Hl,CAP ALY STEEL,IIEXGN HO,GRADE 5,DIA . 5/16,ll-l/2N . C.T. 
SCREW,CAP ALY STEEL,HEXGN HD.GRADE 5,DIA.5/16,L.2-l/2N.C.T 
SCREW,CAP ALY STEEL,HE XGN HD,GRAOE 5,DIA.5/16,L . 3 N.C.T 
SCREU,CAP ALY STEEL,HEXAGN HD,GllADE 5,0IA . 3/ 8,L.2-l/Ztl .C.T 
SCREW,CAP ALY STEEL,HE XAGON HD,GRADE S,DIA.S/B,L . l-1/2 tlCT 
SCREW,CAP HEXAGN HD,ftIGII CRBN,GRADE 5,DIA.5/8,L.6 ttCT 
SCREW,CAP HE XAGN HO,HIGH CReN,GR . 5,DIA.1/4 L. l HF 
SCREW,CAP ALY STEEL,HE XAGDtl HD,GRADE 5,DIA . l/4,L.2-1/2 HFT 
SCREW,CAP ALY STEEL,HE XAGON HD,GRADE 5,DIA . 5/16,L.l-l/2NFT 
SCPEW,CAP ALY STEEL,IIEXAGON HD,GRAOE 5,DIA . 3/8,L.l IIFT 
BOLT , CARRAGE W/ 0 11\JT,r;tro IJIISLT HD,SQ t1K,GR8,0IA 3/ 8 l l-l/2NC 
ROD THREADED,NC,3FT.LIIGTll,CB1LSTL,SIZE 1/4,ROO 20 
ROD THPEADED,IIC,3FT.ltl'.;TH,CB1LSTL,SlZE 3/8,ROO 16 
ROD THPE/\Oi:D ,tlC, 3FT . LIIGTH ,CBH . STL, SIZE 7/16 1!00 14 
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The formula is X = 12Y/Z, where Xis the turnover 
in months, Y is the average annual inventory, and Z 
is annual use. For example, a tire that has an 
average annual inventory of 6 uni ts and an annual 
use of 12 units has a turnover of 6 months 
[12(6) / 12]. In other words, the normal inventory of 
this tire is sufficient to last 6 months under 
typical conditions. 

Turnover ratios gain significance when tucnover 
standards or goals are developed. When it is ques
tioned whether an overstocked or understocked condi
tion exists, the turnover rate must be considered in 
l lgh t of t he goal ond delive ry ·tim1111 , mi n imnm pur
chase requirements, sto rage c a pabilities , method of 
p rocu r e me n t , a nd actual a nd anticipate d ne e d for the 
item. When it is d.etermined tha t t he re i s a n e xcess 
of an item, the reorder point and quantity should be 
adjusted and steps should be taken to record the 
excess quantity as surplus. 

TP~ h~s~ lin~ turnover repor t a s of June 30, 1981, 
identified many commodity groups that had a turnover 
in excess of 12 months (see Table 3). The Bureaus 
of Office Services and Highway Maintenance, with the 
a ss is t a nce of field inventory managers, developed 

Table 3. Inventory turnover goals and results. 

' 

I 
INVENTORY 

TURNOVER 
COMMODITY GROUP (MONTHS) 

6/30/81 

'.=============~ 
FIELD RELATED 

Signs & Acceuoriu 13 

Traffic Lino Paint & B11clt 15 

Pipe 13 

Tin,s & Tubes 8 

Tire Chains&. Aocessories 35 

B•tteriet 6 

Automotive Parts 20 

Other Equipment Repair Parts 15 

Cutting Edges & Shoes 22 

Guiderail 37 

INVENTORY 
TURNOVER 

GOAL 
6/30/82 

10 

12 

11 

6 

6 

4 

12 

6 

15 

12 
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inventory turnover goals for each major commodity 
group (except fuels and bulk materials) to be met by 
June 30, 1982. If these goals were achieved, inven
tory could be reduced by as much as $4 million. A 
combined inventory reduction goal of $11 m111 i on was 
set ($7 million zero-use reduction plus $4 million 
turnover reduction). 

Inventory Value Versus Lane Miles 

The AIMS system had no indicator by which to compare 
the relative value of the inventory in one county or 
engineering district with that in another. Lacking 
was a common denominator to compare organizations of 
different sizes. After the correlation coefficient 
had been tested by using regression analysis (see 
Figure 2) , lane miles was chosen as the common de
nominator. The graph and tables showing inventory 
values per lane mile for all counties and districts 
were included with the Inventory Reduction Program. 
The indicator can be useful in determining the rea
sons why inventory value per lane mile is higher (or 
lower) in one county versus that in another and 
identifies locations that require a detailed analy
sis. 

INVENTORY 
TURNOVER 

ACTUAL 
6/30/82 

14 

8 

6 

16 

6 

12 

12 

15 

27 

INVENTORY 
TURNOVER 

ACTUAL 
9/30/82 

12 

7 

8 

5 

15 

6 

14 

12 

14 

24 

...._,____ -----------------i >--------t-------+-------t---------< 
Lumber 

-·--------
Steel & lrun 

Paint & Brushes .... 
Tarpaulin, 

----· -Fastener, 

Bridge Decking & Inlets 

19 

44 

24 

11 

31 

12 

12 21 19 

24 26 26 

12 16 14 

6 12 12 

12 24 16 

10 25 20 

'--- -------------- --j i-------+------+-------1--------f 
Roadside & Landscaping 

1-- -

Electrical Supplies 

-
Concrete & Cement 

1--

Safetv Supplies 

10 

12 

12 
- - - -- - ----------H------

GENERAL OFFICE RELATED 

Forms, Publications, Office Supplies 12 

Janitorial Supplies 9 

6 11 9 

6 7 

6 4 4 

9 11 10 

10 12 13 

6 7 
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Quantitati ve Methods 

It is not enough to issue performance reports that 
show an i nventory manager that a certain percentage 
of his inventory represents zero-use items or that 
the turnover ratio for several commodity groups 
exceeds the goal. Quantitative methods for deter
mining where priorities should be placed, how re
order points and quantities should be set, and how 
to translate a maintenance program into material 
requirements are needed. The following three quan
titative methods address these problems. 

ABC Classification Analysis 

ABC analysis is a quantitative technique used to 

Figure 2. Lane miles versus inventory value for county maintenance districts. 
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focus attention on and apply effort to items that 
have the potential for yielding the greatest cost 
savings (2). ABC analysis stratifies commodities 
into three classifications based on their value 
relative to their numbers. Figure 3 is an ABC anal
ysis of PennDOT's commodity groups. 

The A items should be controlled the most closely 
because they are few in number (8 percent) but rep
resent 57 percent of the total inventory value. The 
A items should . be controlled by a computerized in
ventory system, and an economic order quantity (EOQ) 
model (discussed later) should be applied to sys
tematically determine optimum r eorder points and 
quantities. The B items represent 39 percen t of the 
total and 31 percent of the value. These items 
should also be controlled by an automated system but 

O FISCAL YEAR ENDING JUNE 30 1981 • FISCAL YEAR ENDING JUNE 30 1982 . 

:J.- I I I I I I I I I I I I 
1,200 

0 ·-
0 V 0 

0 0 0 / 

1,000 

900 

/ 
VuNEAA REGRESSION 

CORRELATION• .73 

0 00 BOO 

V 
VO 

/v 0 
0 0 

n. 700 

~~v 
LINEAR REGRESSION '--

0 0 o• ~ o CORRELAnON • .15 

0 0 7- ' Oo 0 

I~ 
/ ~ 0 0 

/ ·o o• . 0 0 

INVENTORY S 
Un Thouund,I 800 

500 

0 ?: Oo V i 0 . 
• O 

~ 0 'O • 0 / 0 . 
0 400 

Y o :k1 
~ . . 

A 
.. 

0 
oc;., • 

.. . . . . . 300 

~ 
. . 
~ 

. . 
/ • 0 . . 

200 -
y' . 

0 

100 0 

250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 

LANE MILES 

Figure 3. ABC inventory classification. 

100 

90 

80 Cumulative% of Items in Inventory 
Cumulative % 
Of I nven1o ry 

70 
Percentage of Percentage of 

Value Total Total Inventory 
CLASS GROUP Commodities Value 

60 

A Tra Hic Paint/Beads; Pipe; Bituminous Mat's; 
50 Aggregates; Winter Mat 's; Petroleum 

C Products ; Cutting Edges; Engines; 8% 57% 
40 Guiderail ; Tarpaulins ; Bridge Decking; 

Roadside/ Landscaping Mat's. 

30 B 
B Signs/ Accessories; Tires/ Tubes/Chains; 

20 
Batteries; Hand T oafs; Lumbe r 39% 31% 
Steel/Iron ; Paint / Brushes; Misc Mat's , 

A 
10 C Equipment Repair Pan s; Office/Janitorial /Safety 53% 12% 

Supplies; Forms/P-.ibs/Mt.i ps; Fa1o1en1;1rs 

10 20 30 40 50 60 70 80 90 too 100% 100% 
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less closely than the A items through use of the 
optimum order quantity portion of the model alone. 
The C items represent 53 percent of the total but 

need to be further classified into two groups: (a) 
items to be controlled on an automated system be
cause of operational problems in the event that the 
items are out of stock (e.g., equipment parts) and 
(b) items requiring no automated controls (e.g., 
office supplies and forms). C items" should be con
trolled by subjectively determined order quantities. 

Inventory managers at PennDOT have been en
couraged to prepare an ABC 1mc1lysis on the inventory 
they control. The primary usefulness of this tech
nique thus far has been to focus attention on A 
items, which should be first-priority items when the 
zero-use and inventory turnover reports are used to 
identify and reduce inventory. 

EOQ Model 

All inventory reorder points and quantities on the 
AIMS system are currently set subjectively. Sub
jective determination does not assure minimum in
ventory costs. Private-sector enterprises, par
ticularly manufacturers, have successfully used the 
EOQ model as an inventory device for some time. 
Basically the EOQ model, given annual demand, cost 
of placing an or-de:r, cost of ..... ~.u .. £..z i,.'=' a unit in 
inventory l year, cost of being out of stock l unit, 
lead time between the date on which the order is 
placed and the date on which the order is received, 
and average demand over the lead time, will first 
determine the optimal order quantity and then deter
mine the optimal order point to balance inventory 
costs against the risk that the item will be out of 
stock to minimize inventory costs. 

In a report prepared by an Office Services busi
ness intern in summer 1981, many of the problems in 
applying the EOQ model were described. For example, 
one of the biggest problems in applying the model, 
particularly to a department of transportation in a 
cold-weather state, is determining the effect of 
seasonality of maintenance activities and the un
predictability of winter activity on demand for 
materials. Simplified EOQ models are currently 
being investigated (J). 

Materials Requirements Planning 

Materials requirements planning (MRP) is another 
.quantitative method that has been extensively used 
by the private sector to manage inventories but has 
not been so used by PennDOT. MRP is the process of 
translating a maintenance plan into detailed mate
rials requirements. MRP is a relatively new (late 
1960s) solution to an old problem: availability of 
the material needed for production without excess 
inventories (!>• 

The computerized Highway Maintenance Management 
System (HMMS) used by PennDOT to define, among other 
things, the effort and resources required to perform 
a maintenance activity is scheduled for redesign. 
One of the goals of the r~design will be to inte
grate the maintenance programming on HMMS with mate
rials use and inventory on AIMS, a step toward MRP. 

Surplus 

Armed with the new zero-use report, inventory man
agers made efforts to reduce surplus-dominated in
ventory reduction activities in the initial phases 
of the program. Office Services released a proce
dure memorandum that brought inventory managers up 
to date on the various methods available to dispose 
of surplus. They were made aware of the Department 
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of General Services' surplus contracts for tire 
casings, batteries, steel drums, waste motor oil, 
and scrap material and how to use them. Office 
B'!'!:~·i~"'~ ~l<,n n"'gnt.i ,it<>n with local authorities for 
advertising and selling surplus or damaged snow 
fence, posts, and guiderail wire. Transfer proce
dures were explained and AIMS coordinators were 
encouraged to advertise surplus items statewide over 
the departu;ent' s compute&: network. A new inquiry 
through AIMS was developed so that any division 
could determine for any commodity its quantity and 
location anywhere in the state. Procedures for 
transferring surplus to the Surplus Property Divi
s ion of General Services for public advertising and 
sale were also explained. Due to the sheer volume 
of surplus identified at inventory locations 
throughout the state, the Surplus Property Division 
did not have sufficient storage facilities or staff 
to handle it efficiently. The lead time between 
identification of surplus and approval for transpor
tation to Harrisburg and sale of the surplus quickly 
became unacceptably long. The alternative of hold
ing regional auctions with General Services was 
investigated. Two public auctions were held in the 
central and southwestern parts of the state. More 
than $1. 5 million in surplus (book value on AIMS; 
was sold or transferred to other state agencies from 
these auctions. Because proceeds from the public 
auctions were low, the department developed another 
alternative by offering surplus to local government 
at 50 percent of the book value. 

Four local sales open only to municipalities have 
been held thus far; more are being scheduled. As an 
incentive to di°spose of surplus, revenues from the 
sales are credited back to the organization declar
ing the surplus. 

Other efforts made to help remedy the causes of 
surplus are better planning for the introduction of 
new mate~ials so that existing materials are used up 
before new materials are ordered and the introduc
tion of life-cycle cost analysis to determine the 
low bidder on equipment purchases. 

Procurement Methods 

PennDOT has worked closely with the Department of 
General Services in eliminating material contract 
lapses. An extension clause has been added to con
tracts that should eliminate any future problems 
with lapses. Stockpiling before the end of a con
tract has been eliminated. Authority to purchase 
contract items locally when contract minimums exceed 
immediate needs has been granted. Now that contract 
problems have been resolved, commodities that have 
statewide use but have been purchased through the 
requisition process are being placed on contract. 
Even though there is a long lead time between sub
mission of requirements and issuance of the con
tract, the terms of the contract do not require a 
county to purchase the estimated quantity. Moreover 
a county can order from the contract as needed 
rather than.receiving a year's supply at one time. 

Management Commitment 

In addition to the top management commitment given 
to the development and institution of the inventory 
reduction program, managers at all levels are held 
accountable for achieving the reduction goals. The 
deputy secretary for administration, who has top 
management responsibility for the program, conducts 
periodic inventory control visits to determine pro
gress and identify necessary improvements. As an 
incentive to achieve the inventory reduction goals, 
inventory management has been added as a new cate
gory to the annual Maintenance Awards Progr.am. 
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INVENTORY REDUCTION PROGRAM RESULTS 

By June 1982, 9 months after the program had been 
launched, statewide inventories had been i:educed 
$11.9 million (25 percent), from a level of $48.1 
million in June 1981 to $36. 2 million in June 1982 

Figure 4. Inventory reduction: June 1981 versus September 1982. 50 

40 

Inventory Value 30 
(In Million$) 

20 

10 

I 

77 

( see Figure 4). The overall reduction goal of $11 
million had been exceeded. By September 1982 , 
further reductions of $2.4 milJ.ion had been 
achieved, bringing the total reduction to $14 . 3 
million ( 30 percent). Inventory reduction by engi
neei:ing disttict was shown i n Figure 1 , and the 
reduction by commodity gi:oup is shown in Table 4. 

48.1 

36.2 

June June 
1981 1982 

: 

I 

33.8 

September 
1982 

June 1982 Goal 
37.1 

Table 4. Inventory reduction by commodity group: June 1981 versus September 1982. 

Inventory Value 
In Mill ions Change 

Group Juno 1981 Juno 1982 Sept, 1982 s % 

Signs & Accessories $ 9.3 S 6.8 S 6.6 - 2.7 -29 

Traffic Paint & Beads 4.2 4.2 3.7 - .5 -12 

Pipa 2.4 2.2 1.3 - 1.1 -46 

Bituminous Materials 2.0 1.7 1.7 - .3 -15 

Aggregates 3.9 3.5 2.5 - 1.4 -36 

Winter Materials 5.7 2.5 3.3 - 2.4 -42 

Motor Fuels 1.0 1.0 1.0 

Other Fuels, Anti-Freeze, Detergents .4 .4 .4 

Motor Oils & Lubricants .5 .4 .4 .1 -20 

Tires, Tubes, Tira Chains 1.9 1.3 1.3 .6 - 32 

Batteries .2 .2 .2 

Engine and Engine Parts .6 .3 .3 .3 -50 

Automotive & Equipment Parts .8 .7 .7 ,1 -13 

Hand Tools 1.3 .5 .4 - .9 - 69 

Cutting Edges & Shoes 2.6 1.5 1.4 - 1.2 -46 

Lumbar .3 .2 .2 - .1 - 33 

Guiderail 3.1 2.3 2.2 - .9 -29 

Steel& Iron .9 .4 .4 - .5 -56 

Paints & Brush• .8 .5 .4 - .4 - 50 

Tarpaulins .2 .1 .1 - .1 -50 

F•t11nen .7 .5 .3 - .4 -57 

Bridgt Declcing & Inlets .3 .3 .3 

Roadside & Landscaping Materials .8 .8 .4 - .4 - 50 

Fom11, Pubs, Maps 2.4 2.6 3.1 + .7 +29 

Office;Janitori1l , Safety Supplies 1.2 .9 .8 - .4 -33 

Ot1wr M-ials .6 .4 .4 - .2 -33 

$48.1 $36.2 $33.8 $-14.3 -30% 
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Figure 5. Reduction of zero-use value: June 1981 versus September 1982. 
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The value of zero-use items was reduced 59 per
cent ($8. 2 million), from a level of $13 . 9 million 
in June 1981 to $5.7 million in June 1982 (see Fig
ure 5). The reduction goal of 50 percent ($7 mil
lion) had been exceeded. By September 1982 , further 
reductions had brought the zero-use value down to 
$4. 7 million. 

By J une 1982, the inventory turnover rate on 17 
of 22 commodity groups had improved from the 1981 
level. However, only five of the established turn
over goals had been met (see Table 3). The turnover 
rate on several A commodities (e.g., cutting edges, 
pipe, and guiderail) and B commodities (e.g., steel 
and iron and tires and tubes) improved dramatically, 
whereas the turnover rate on several C commodities 
(e.g., eq uipment parts and forms, publicati ons, and 
office s upplies) showed less impr ovement or in
creased slightly. The turnover calculation reflects 
only quantities and not value. If the higher rela
tive value of A and B items compared with that of C 
items (see Figure 3) and the dramatic reduction in 
several A and B commodities is considered, this may 
explain why total inventory was reduced by $3.7 
million due to turnover rate improvements, an amount 
that almost met the $4 million goal. 

APPLICATION TO OTHER DEPARTMENTS OF TRJ\NSPORTATION 

A survey conducted by the Texas State Department of 

Highways and Public Transportation in 1.c1.1.J. 1981 
revealed that of the 39 state departments of trans
portation that responded, 22 have state-of-the-art 
computerized inventor y manageme nt s y s t e ms , 3 have 
old or outdated systems, and 14 have no system at 
all (unpublished survey). It is suggested that many 
aspects of Pennsylvania's inventory reduction pro
gram can be applied to those states with computer
ized systems and that those states in the process of 
designing automated systems can benefit from the 
quantitative methods and performance indicators 
adapted by PennDOT. 
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