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Pennsylvania's Bridge Management System (BMS) stores a 
wide range of bridge inspection data and analyzes these data 
using individual subsystems to provide decision-making sup­
port for department managers. The subsystems are as follows: 
Bridge Rehabilitation and Replacement, Bridge Maintenance, 
Modeling, and Reports. Pennsylvania's BMS operates in a 
mainframe environment and includes 17 on-line data screens 
and up to 400 data elements for each bridge. Data on any 
of the 25,000 state-owned and 6,500 locally owned bridges 
in the system are retrievable within minutes of inquiry. The 
system can produce a wide range of reports, including stan­
dard menu-driven reports and customized user-generated re­
ports. Besides storing and recording bridge inspection infor­
mation, BMS can automatically generate improvement costs 
by bridge for maintenance, rehabilitation, and replacement 
needs. BMS also can prioritize bridges for capital mainte­
nance improvements. A unique feature ofBMS is its modeling 
capability, which enables the user to predict future bridge 
needs by programmatically degrading bridge condition and 
load-carrying capacity over time. 

B efore the Bridge Maintenance Subsystem is de­
tailed, it is appropriate to give an overview of 
Pennsylvania' Bridge Management Sy tern 

(BMS). The Pennsylvania Department of Transportation's 
(PennDOT's) BMS has been operational since December 
1986. This system stores a wide range of bridge inspection 
data and analyzes these data using individual subsystems 
to provide decision support for department managers. The 
following subsystems are shown in Figure 1: 

• Bridge Rehabilitation and Replacement provides cost 
estimates and priority ranking of bridge improvement 
projects to support long-range planning and programming 
decisions. 

• Bridge Maintenance provides cost estimating and pri­
ority ranking of bridge maintenance activities for assist­
ance in developing annual maintenance programs. 

• Modeling uses deterioration curves for bridge condi­
tion and bridge load capacity. It enables department man­
agers to predict future bridge improvement needs using 
different funding scenarios. 

• Reports is available to provide both standardized and 
customized report generation capabilities for any subset 
of data in BMS. 

Pennsylvania maintains a proactive approach to bridge 
inspection and bridge management, often implementing 
new systems or procedural changes before the date set by 
federal requirements. 

The BMS is a powerful management tool that not only 
records and stores bridge inspection data for Pennsylva­
nia's bridges but also enables department managers to 
make key decisions concerning bridge inspection, mainte­
nance, rehabilitation, and replacement. Data on any of 
the 25,000 state-owned and 6,500 locally owned bridges 
in the system are retrievable within minutes of inquiry. 
BMS operates in a mainframe environment and includes 
17 on-line data screens and up to 400 data elements for 
every bridge. The system also can produce a wide range 
of reports, including standard menu-driven reports and 
customized, user-generated reports. A query language is 
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FIGURE 1 BMS tables system overview (1). 

built into the BMS to allow users to customize reports on 
any combination of data elements in the system. 

Besides storing and recording bridge inspection infor­
mation, BMS can automatically generate improvement 
costs by bridge for maintenance, rehabilitation, and re­
placement needs. BMS also can rank bridges for capital 
maintenance improvements. A unique feature of BMS is 
its modeling capability, which enables the user to predict 
future bridge needs by programmatically degrading bridge 
condition and load-carrying capacity over time. 

Although BMS has been in production since December 
1986, improvements and enhancements have occurred 
continuously. Completed BMS enhancements include new 
screens for fracture-critical and underwater bridge inspec­
tion, sign structure and retaining wall inspection, and 
system integration with PennDOT's Roadway Manage­
ment System, Project Inventory System, and Project Man­
agement System. All of these screens represent areas of 
new initiatives since the original BMS was developed. 

All data required by the Federal Highway Administra­
tion (FHW A) are included in PennDOT's BMS, in addition 
to data deemed necessary by PennDot. Data are grouped 
by general data type, and a coding manual provides de­
tailed description and codings for each data item. Table 
1 (2) gives all data screen names. 

Data that reside in BMS can come from any of three 
sources: direct data entry via keyboard, such as bridge 
condition ratings; data generated through system calcula­
tions, such as improvement costs or priorities; and data 
imported from other department management systems, 
such as average daily traffic or program and budget status. 
BMS aiso exports bridge data to other department man­
agement systems. The exchange of data between depart­
ment systems occurs automatically at either daily or 
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weekly frequencies depending on data type. All depart­
ment management systems operate on a mainframe com­
puter platform that simplifies the exchange of data be­
tween systems and offers instantaneous data access to all 
users via computer terminals in all of Pennsylvania's 67 
counties. BMS currently exchanges data with the Project 
Inventory, Project Management, and Roadway Manage­
ment systems. These mainframe systems can interface be­
cause they all use a common link-node location referenc­
ing system that uses a 14-digit key to define any point on 
the network. Therefore, each bridge is uniquely defined 
by a 14-digit code. BMS also can store inspection data, 
on line, for the previous five inspections. Beyond that 
point, the oldest inspection data are archived on magnetic 
tape. All data are easily retrievable. 

The Bridge Maintenance Subsystem of BMS ranks 
bridges on the basis of needed maintenance activities. It 
also estimates costs for these activities. A priority-setting 
procedure has been developed that considers the effect of 
the most structurally critical maintenance activity need 
on the bridge and the individual bridge's impact on the 
road system. A maintenance deficiency rating is calculated 
by the system for each bridge on a scale of O to 100, 
with higher values suggesting higher maintenance needs. 
A menu of 76 bridge maintenam:.e ai.:Livilit::s has bt::en devel­
oped in consultation with PennDOT's engineering dis­
tricts and the Central Office Bureau of Maintenance and 
stored in the system. These activities cover the full range 
of maintenance that can be done on a bridge using either 
department forces or contractors. On the basis of these 
76 bridge activities, the Maintenance Needs Reporting 
Form (Figure 2) was developed for the bridge inspector 
as a checkoff type listing and as the reporting document. 
When a reparable deficiency is found, the inspector re-
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TABLE 1 Summary of BMS Data (1) 

Screen Type of BMS Data 

General Data AA 
AB 
AC 
AD 
AE 
AF 
AG 
AH 
AJ 
AL 
AM 
AN 
AO 
AR 
AS 
AT 
AW 

Features Intersected Data 
Structure Data 
Utility, Hydrology and Posting Data 
Inspection Data 
Proposed Improvement Data 
Repair and Painting Data 
Proposed Maintenance Data 
Fracture Critical Data 
Narrative Data 
Condition Rating Data 
Completed Maintenance Data 
Planning, Progranuning and Budgeting Data 
State Roadway Data 
Sign Structure Data 
Retaining Wall Data 
Underwater Inspection Data 

views the listing, selects the proper activity, circles the 
general location, estimates a quantity, and assigns an ur­
gency factor . It reflects the inspector's judgment as to how 
soon the maintenance activity should be completed. This 
process occurs at the end of each safety inspection and 
does not require a significant amount of additional time: 
approximately 15 min for a typical structure. Also, the 
inspector estimates the quantity of work needed to facili­
tate the project planning process. With this additional 
information, the system can rank bridges on the basis of 
maintenance needs and can estimate the costs. 

The Bridge Maintenance Subsystem provides decision 
support in the development of the department's Annual 
Maintenance and Betterment work programs. These pro­
grams provide for all noncapital highway and bridge 
work. The work is done by department forces or contrac­
tors. Bridge work includes small bridge replacements and 
any of the 76 bridge maintenance activities mentioned 
above. Work programs are developed on an annual basis, 
and BMS provides support. Besides the various mainte­
nance activities completed each year, about 100 small 
bridge replacements are included annually in this 
program. 

A thorough field inspection on at least a biennial basis 
initiates the entire process for bridge management systems 
and the Bridge Maintenance Subsystem. Bridge inspec­
tions 

1. Document the bridge and its condition, 
2. Become a basis of system data and management 

information, 
3. Ensure the ultimate safety of the traveling public, 
4. Form the basis for maintenance planning, 
5. Form a portion of the bridge history in the record, 

and 

6. Become a basis for total costing of bridge needs. 

The bridge maintenance needs data are collected as a 
part of the bridge inspection process. Hence, these data 
are entered into the BMS on-line individual bridge files 
at the field offices when the inspection data are updated, 
as soon as the inspection is completed. Once in the compu­
terized system, it can be extracted in any format required 
by bridge or maintenance staff to satisfy specific planning, 
programming, or other needs. After each maintenance 
activity is completed, maintenance information is trans­
ferred from the maintenance needs list in BMS to the 
completed maintenance activities list, where it serves as a 
historical record of completed work. 

The current maintenance work backlog far exceeds 
what the department can physically and financially han­
dle. Hence, it is important that guidance be provided to 
the district and the county offices to assist them in selecting 
the best candidate bridges for maintenance work and 
which activities to perform first. This helps to ensure that 
the most critical deficiencies are brought to the attention 
of management. 

A simple ranking procedure has been developed. It con­
siders the effect of the most structurally critical mainte­
nance activity need on the bridge as well as the individual 
bridge's impact on the road system. The components of 
the procedure are as follows: activity ranking, activity 
urgency, bridge criticality, and bridge adequacy. 

The bridge maintenance activities themselves vary in 
their importance to and effect on the structural integrity 
of the bridge. Activities such as repairing abutment un­
derscour would generally be performed on a priority basis, 
whereas activities such as applying protective coatings and 
constructing abutment slopewalls would tend to be less 
critical and possibly deferred. 



-
D-"88F (10/93) 
PAGE• 

INSP DATE· 
In spec""" Ne port Kif: 

EnUre Bridge 
Main Span(•) only 
Approach Soan(a) only 

PAVEIIEI/T (!'ATOVAAISE) 

a 
a 
a 

~ PAVEMENT RELEF JT. (IU:P/REPI.I 

~ SHOULDERS (REP~~STR) 

i DIIAINAGE-CFF BROOE IIIPRMl 

0 GUOE RAL ICONNECT TO BRIOGEl 

~ LOAD LIMIT SONS !REFUCEl 

f ClEJRAHaa SONS •m• "'"' ... 
,( CUI llllUS>! IOO.EAA SGNS 

APPROACH SW! !REPUCEl 

Di DECK 

i SCUPP£R.00il!;SPCX.rr11G 

BEAAING,llEARINQ SEAT w 
d STEEl-HOAl20M'Al Sl/PFICES 

BIT\JM. OEQ( W. SUAf (IU:P/REPI.) 

TIMBER DECK !REP/REP\j 

i'.1 OPEN STEEL GAD (REl'ff:PL) 

I!! CONCAETE DECK (REPAfll 

CONCRETE SOEWA!.K IAEPAIIJ 

CONCAETE CUl&f'ARAPET (REP! 

RESEAL 

j!! REPAMIESEAL 

~ COIIPAESSOI SUL IAEPIREH.18) 

i'.I IIOOUlAR DAM (REP.1lFIWII 

I!! STEEl ON.IS !REPIREHABl 

OTHER TYPES tREP.1lEHAB} 

BRIDGEA'ARAPET (REP~PL) 

~ STRUCT IIOU"1' (REPIAEPL) 

: PEDESTRIAN (REPIREPL) 

UEDIAN BARRIER (REP.fl£PL) 

! SCUPPER GRATE (REPIJCE) 

25 ~PPER (INSTAUJ 

~ DOY,t,ISPOJTING (REPIREPI.) 

LUBRICATE 

~ STEEL (REP~EHAB) 

~ STEEL (REFUCE) 

~ EXPANSOI (RESET) 

PE DEST Al/SEAT (RECOliSTROCT) 

STRNGER (REP.1lEPI.) 

OTHER l.lEMBERS (REPi!lEPL) 

STANGER (REPIREPl) 

ff: FLOORBEAM (REPIREPl) 

I;; GRDER.(REP~) 

~ MEMBER (STRENGTHE~ff:PIREPLI 
PORT Al (MOOlfY) 

BRIDGE MANAGEMENT SYSTEM 
BRIDGE INSPECTION REPORT 

MTCE. & MAJOR IMPROV NEEDS 
STRUCTURE IOENTIFlCATlON NUMBER STRUCTURE TYPE 

~LL.JI I I I Ii I I 
0"81 

IT'EII £ST.• 
IIO. lOCAT'Cil< UNI OIW!lm I'll QC 

IIJPAVIIT LNRLFR S.Y 

lllA\.FJT LNRLFR s_y_ 
FllSHUlR LNRLFR SY 

il)()RAlj LNRLFR EA. 

ROGOERL LNRLFR EA. 

111'.lUlSGN LNRLFR EA. 
ROCl.SGN lNRLFR EA 

""""lJSH lNR L '~ fA. 

IJ"'201 L N RL FR s_y 

A74.l101 E.& 

6743101 123450 E.B. 

C7431112 123450 E.B. 

07'31112 123450 E.B. 

~ 123450 S.Y. 

674-4301 123450 S.Y. 

C7443G2 123450 $.Y 

07'430:! 123HO SY. 

E7"303 123450 :lY. 
F7oM30:I 123450 S.Y. 

A743301 N 1230F LF. 

Al«I01 N 1230F LF. 

87«1112 N 1230F LF 

C7441112 N1230F LF. 

07441112 N 1230F LF. 

£7U1112 N1230F LF. 

RI..GBRPR N 1230F LF. 

RI..GSTRM N1230F LF l 
RI..GPEDH N1230F LF 

RLGMEOB 123450 LF. 

ORNGRAT 1 2 34 5 0 EA. 

87«.01 123450 EA 
C16UQ2 H 123 F O EA. 

A743501 N 123 F 0 EA. 
A7U501 N123FO EA 
87"501 N123FO EA. 

C744502 N123FO EA. 

0744503 N123FO EA. 

A7«601 123450 EA 
87«601 123450 EA. 

A7ueo:2 123'50 EA 
tr.ueo:2 1 23'50 EA. 
C7U6112 123450 EA. 

07U6112 123450 EA. 

A7«603 123450 EA. 
67«603 123450 EA 
C7WO:S 123450 EA. 

A7U701 123450 EA. 

87U101 123450 EA 

I II I l 1 I 

l1iW .. 
NO. UlC4110II 1M c,.1.umr1 PA OC 

SUP£RSTRLICT1JRE · SPOT A743201 123450 E.a 

~ 9..6STRUC1\JRE · SPOT 874J201 N1230F E.a 

I SU'ERSTRUCTlJPE · F\JU. C743201 123450 E.B. 

Sl.8STRUCT1JRE · FVLL 0743:101 N 1230F E.B. 

BACKWAU. (REPIREPl) IJ~ LNRLFR C.Y. 

g Mll/1\IENTS (REPAll) B7ua:i:! LNALFA C.Y • .... a: WNO (REP~EPl) (;/44802 LNRLFR c.v. 
\;f 
C: PERS(REP~ D744802 123450 C.Y. 

I FOOTING (IM)ERl'fll E7- N1230F C.Y. 

i MASOIRY PC*!) F7U804 N1230F LF. 

i MJIJT SL0P£WAll (REP.!IEPl) A745101 LNALFA S.Y. 5 
~ MJIJT SL0P£WALL(C()ISTR.ICT NEW) 87451112 LNALFR C.Y. 

PU REP~ Al4S801 Nl230F E.A. 

STREAM BED PAI/Ml (REPOJNSTA) A745301 II' UN OIi C.Y. i ROCK PRO~OI 8745301 II' UN OIi C.Y. 

SCOUIHQ..E~ C7.s301 II' UN DII C.Y. i STREAM DEA.ECTOR (R£1',CQjSTR) 076302 Lf' lJI DII C.Y. 

~ETATIOIWEIIAIS (REMCM) ~MVG II' UN OIi C.Y. 
"' DEF'OSITICN !RElllYEl ECABIDP II' UN IJN C.Y. 

t; fUOWAU/t'INlli (REP/REPL) Al45201 II o./T 5.Y. 

~ olPAON,QJTOFF W.W. (REPlll:Pl) 8745202 II o./T S. Y. 

i3 BARREL (REPAIR) C745203 S. Y. 

FOR COMPLEJ)ON BY REVIEW ENGINEER 

IA74~1 10 P S 'SY. , 
8743401 N 123 0 F S.Y. II i 

SUPPORT BENT IAm401 N1230F EA. 
Pf'ES I B14S401 LT~ RT e.a 
BRl00€ I C7454b1 LT ( RT EB. 

LEGEND 
N .... - ........ ...... NEAR UP ......... - ....... UPSTREAM 
F .... - ............. FAR UN ...... --....... UNDER 
1, 2. 3, ETC ...... SPANOR PIER NUMBER ON _____ ...... DC1NNSTREAM 

0 ............. ....... 0THER ti --·----- INLET 
LNR .. , ....... - . NEAR LEFT OR RIGHT 00T ___ ........ OLITlET 
LFR .......... .. - .. FAR LEFT OR RIGHT E.B . .. _ . . ........ . EACH BRIDGE (8'-:-E) 

* ..................... INWHOLE~ITS 002!l --·--------- BMS, DATA ITEM[), 
PR • PRIORITY CODE 

0 •· PROMPT ACTION REOUIREO (INSPECTOR TO ~FORM ™E BRIOGE ENGl~EER 
BEFORE UPOATNG BMS). 

1 • HIGH PAIOAfTY. AS SOON AS WORK CAN BE SCHEDU.ED. 
2 • PRl()RrrY. REVIEW WORK PLAN, AO.JUST SCHEDULE IF NEEDED. 
3 • ADO TO SCHEDU.ED WORK. 
• • ROUTINE STAl.(;1\JRAI.. CAN BE DEIAVED UNTl FUNDS ARE AVAl1.ABLE. 
S • ROUTINE HOlf.STRUClUIW, CAH BE DELAYED~ PAOGRAAMEO. 

MAJOR IUPROVEMEHT NEEDS 
IIBl YEAR NEEDED I I I I I (f@TYPE WORK UJ_J 

,.. l!EMBER (TIGHTENIFLAIIESHOATEN• C7447112 123450 EA. [@ (l,f>~VLGTH I I I I I l I 

FIGURE 2 Bridge inspection report (2). 



KNOLL AND HOFFMAN 129 

As a general rule, activities that most directly, immedi­
ately, and positively affect the continued safety and struc­
tural adequacy of the bridge would be performed first. 
Those with minimal immediate impacts would be per­
formed later. The activities have been divided into five 
groups (A through E) on the basis of their generalized 
relative importance to the current structural stability of 
the bridge. In addition, the activities "repair/replace: steel 
stringers, floorbeams, girders or truss members" could be 
related to existing or potential fatigue damage. If the needs 
are indeed fatigue related, they are more important and 
are given the highest ranking, A. The fatigue relationship 
is made by comparing these maintenance activity needs 
with the type of fatigue-prone member that controls the 
inventory load rating. If the activity is fatigued related, it 
is given higher priority. 

The severity of a deficiency can be a reason to increase 
its priority for repair. The urgency factor for each activity 
need is coded by the district bridge inspection unit. Al­
though subjective, it yields an informed, somewhat stan­
dardized assessment of how soon the work needs to be 
completed. It is also a measure of the severity of the defi­
ciency. The rater can rate one of six priority codes, from 
0 (prompt action required) to 5 (can be delayed until 
programmed). 

The importance of a bridge to the road network and 
the impact of the loss of bridge service to traffic are other 
factors that must be considered in deciding the order in 
which bridges are to be maintained or repaired. It is readily 
apparent that the road system hierarchy realistically de­
fines importance. That is, if a bridge on the Interstate and 
a bridge on the local access system have similar deficien­
cies, it is prudent that the Interstate highway bridge be 
repaired first. However, the impact of a bridge's closure 
also needs to be weighed. If the detour length is excessive 
and intolerable, the bridge priority for repair should be 
raised. 

The assessment of the importance of the bridge is based 
on the classification of the highway, its traffic level (ADT), 
and the detour length that will be imposed on traffic if 
the bridge were closed. Multiplying the ADT by the detour 
length results in a partial relative measure of this impor­
tance. 

The capability of the bridge to safely carry the loads 
that traverse the route will weigh in a manager's decision 
of whether to implement repairs. The load capacity rating 
indicates the current strength of the bridge. It does not 
indicate what can be expected in the future. The condition 
rating of the most critical component of the bridge can 
be used to generally assess degradation. It is based on 
the summation of the condition ratings for the deck, the 
superstructure, and the substructure. If any rating is 4 
or less, it individually establishes the remaining life. By 
considering both the current load of capacity and the 

lowest condition rating of the structure's components, a 
measure of the deficiency of the bridge is obtained. 

Having defined the major parameters that are consid­
ered, the relative weights assigned to them and their ele­
ments were established in the BMS. To be consistent with 
the general philosophy of the rehabilitation/replacement 
prioritization system, a deficiency-point concept was used 
for ranking maintenance activity. However, the factors 
and methodology used in each system are quite different. 
Although it is numerically possible for a single bridge to be 
assigned in excess of 100 deficiency points, the deficiency 
point assignment is limited to a maximum of 100. The 
higher a bridge's point assignment, the higher its defi­
ciency and its priority. (Total deficiency is represented by 
100 points; no deficiency is represented by O points.) 

Table 2 summarizes the four major components of the 
prioritization system, defines the elements in their 
makeup, and indicates the initial weights assigned to each. 
As the procedure is used, evaluated, and refined, the 
weight assignments may change. 

The maintenance deficiency point assignment for a spe­
cific bridge is based on the bridge maintenance activity 
with the largest sum of deficiency points for activity rank­
ing and urgency. The bridge's deficiency point assignment 
and the bridge's county ranking for maintenance based 
on the deficiency point assignment will be recorded on 
the bridge maintenance activity needs screen. Hence, a 
manager viewing the subject screen for an individual 
bridge has an immediate indication of the relative priority 
of the most critical repair need on that bridge and the need 
compared with the worst possible case (100 deficiency 
points). 

With a deficiency point assignment being stored in BMS 
for every bridge, prioritized listings can be easily generated 
using the particular parameters desired. To facilitate this 
reporting, user-friendly standard report generators with 
user-defined variables have been developed. 

A prioritized listing of bridges to be repaired can be 
generated for various geographical areas (statewide, dis­
trict, or county) for use in developing the annual bridge 
repair work programs. Once programmed, the activity 
needs screen can be updated to reflect whether each activ­
ity is to be done by department force or contract and the 
year of the program that includes the work. 

The department has implemented a mainframe-based 
Maintenance Operations and Resources Information Sys­
tem (MORIS) to assist the maintenance organization in 
planning, implementing, and effectively managing all 
maintenance activities. The system combined previous 
material, equipment, manpower, and planning subsystems 
and further enhanced their capabilities. 

MORIS can plan and schedule all maintenance activities 
in advance of field work, including bridge work. It then 
tracks expenditures of labor, materials, and equipment 
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TABLE 2 Maintenance Deficiency Points Assignment ( 1) 

Maximum 
Deficiency Pts Component Element 

Deficiency 
Point Assignment 

40 

25 

25 

25 

Bridge Maintenance 
Activity Rank 

Group AF 
A 

Note AF= Group A 
Activity that is fatigue 
pr0ne and controls the 
inventory rating.) 
Activity Urgency Factor 

Bridge Criticality 

Code 0 
1 
2 
3 
4 
5 

B 
C 
D 
E 

25 
20 
15 
10 

5 

25 
20 
15 
10 

5 
0 

Part A: Interstate 5 
U.S. Numbered Highway 4 
State Highway 3 
County Highway 2 
City, Borough St. or Twp. Rd 1 

Part B: PCN 5 
PCN/Coal Haul 5 
Agri. Access 3 
Industrial Access 3 

Part C: ADT x Detour Length> 30,000 15 
> 15,000 but< 30,000 10 
> 3,000 but< 15,000 5 
< 3,000 0 

Bridge Adequacy 
Part A: Lowest Condition Rtg < 3 15 

> 3 but< 4 10 
> 4 but< 5 5 

> 5 0 
Part B: Load Capacity (Inv. Rtg.) 

(H configuration) < 12 tons 10 
(H configuration)> 12-19 7 
(ML 80 configuration) > 19 to 30 4 
(ML 80 configuration) > 30 0 

40 

daily and provides the necessary data for management to 
analyze performance, including productivity. 

goes back to the BMS to update the file and remove the 
priority maintenance need. 

When the BMS is told that certain activities on specific 
bridges are programmed for implementation by depart· 
ment forces, a copy of the data is transmitted to the plan­
ning file in MORIS. The maintenance manager then re­
views and transfers the data to the annual and periodic 
work plans within the MORIS system. 

The MORIS system generates the daily crew payroll 
form, filling in the bridge location identifier plus the activ­
ity numbers reiated to the 76 activities discussed pre­
viously. When the work is satisfactorily completed, the 
bridge engineer signs off and the completed work order 

A detailed manual (3) is used as a technical planning 
aid and construction guide for the bridge foremen and 
their supervisors. They also provide management with a 
means of measuring both productivity and work quality. 
These standards include the following components: 

• A complete description of the activity in narrative 
form; 

• Crew makeup; 
• Specific equipment and material requirements; 
• Rate of production; and 
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