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Bridge management is important

m 612,677 U.S. bridges

e 9% structural deficient: average age 67yrs, crossed 174 million times/day

e In 2017, $150 billion is needed, while only $8 billion is available

Structurally Deficient Bridges Figure B: Bridge Repair Funding Levels Versus Needs Estimate
Comparison of ratings for key items I Federai Estimates to Eiminate Backiog r‘né
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More open government data are available

singhua University

= Open government data
e Transparency and openness
e Participation in decision-making
e Cooperation for solving problems
e Innovation for a better future

m More OGD are available

America’s most dangerous bridges U8, Climatological Divisions

Percent of bridges rated “structurally deficient”
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Objectives

singhua University

m EXxplore how to integrate open government data and how to use

them for bridge management purpose

|dentify potential obstacles in using open government data

Bridge data from NBI

STATE_CODE_001,STRUCTURE_NUMBER_008 RECORD_TYPE_005A ROUTE_PREFIX_005B,SERVICE_LEVEL_005C,ROUTE_NUMBER_005D DIRECTION_00SE HIGHWAY_DISTRICT_002,COUN
TY_CODE_003,PLACE_CODE_004 FEATURES_DESC_006A CRITICAL_FACILITY_006B FACILITY_CARRIED_007 LOCATION_009,MIN_VERT_CLR_010,KILOPOINT 011, BASE_HWY_NETWORK_01
2LRS_INV_ROUTE_013A SUBROUTE_NO_013B,LAT_016,LONG_017,DETOUR_KILOS_019,TOLL_020 MAINTENANCE_021,0WNER 022 FUNCTIONAL_CLASS_026,YEAR BUILT_027 TRAFFIC_LA
NES_ON_028A TRAFFIC_LANES_UND_028BADT_029,YEAR_ADT_030,DESIGN_LOAD_031,APPR_WIDTH_MT_032 MEDIAN_CODE_033 DEGREES_SKEW_034, STRUCTURE_FLARED_035,RAILIN
GS_036A, TRANSITIONS_036BAPPR_RAIL_036C,APPR_RAIL_END_ 036D HISTORY 037 NAVIGATION_038 NAV_VERT_CLR_MT_039,NAV_HORR _CLR_MT _040,0PEN_CLOSED_POSTED_ 041SE
RVICE_ON_042A SERVICE_UND_0428 STRUCTURE _KIND_043A STRUCTURE TYPE 043B,APPR_KIND_044A APPR_TYPE 044BMAIN_UNIT_SPANS 045APPR_SPANS 046 HORR CLR MT 04
7 MAX_SPAN_LEN_MT_048 STRUCTURE_LEN_MT_049,LEFT_CURB_MT_050ARIGHT_CURB_MT_0508,ROADWAY_WIDTH_MT_051,DECK_WIDTH_MT_052 VERT_CLR_OVER_MT_053 VERT_CL
R_UND_REF_054AVERT_CLR_UND_054B,LAT_UND_REF_055A LAT_UND_MT_055B LEFT_LAT_UND_MT_056,DECK_COND_058 SUPERSTRUCTURE_COND_059,SUBSTRUCTURE_COND_060
.CHANNEL_COND_061,CULVERT_COND_062,.0PR_RATING_METH_063,OPERATING_RATING_064,INV_RATING_METH_065INVENTORY_RATING_066 STRUCTURAL_EVAL_ 067 DECK_GEOME
TRY_EVAL 088,UNDCLRENCE_EVAL 069,POSTING_EVAL 070 WATERWAY_EVAL 071 APPR_ROAD_EVAL 072 WORK_PROPOSED_075A WORK_DONE_BY 0758 IMP_LEN_MT_076,DATE_OF _
INSPECT_090,INSPECT_FREQ_MONTHS_091 FRACTURE _092A UNDWATER LOOK_SEE_092B,SPEC_INSPECT_092C FRACTURE_LAST DATE 093A,UNDWATER LAST DATE 093BSPEC_LAS
T_DATE_093C,BRIDGE_IMP_COST 094, ROADWAY_IMP_COST_095,TOTAL_IMP_COST_096,YEAR_OF IMP_097, OTHER_STATE_CODE_098A,0THER_STATE_PCNT_098B,0THR_STATE_STRUC
NO_099,STRAHNET _HIGHWAY _100,PARALLEL_STRUCTURE_101,TRAFFIC_DIRECTION_102, TEMP_STRUCTURE_103 HIGHWAY_SYSTEM_104 FEDERAL LANDS_105,YEAR RECONSTRUCTE
D_106,DECK_STRUCTURE_TYPE_107 SURFACE_TYPE_108AMEMBRANE_TYPE 1088 DECK_PROTECTION_108C PERCENT ADT_TRUCK_ 109 NATIONAL_NETWORK_110,PIER_PROTECTION
_111BRIDGE_LEN_IND_112,SCOUR_CRITICAL_113 FUTURE_ADT_114 YEAR_OF _FUTURE_ADT_115MIN_NAV_CLR_MT_116,FED_AGENCY DATE_LAST_UPDATE,TYPE_LAST_UPDATE DEDU
CT_CODE,REMARKS PROGRAM_CODE ,PROJ_NO,PROJ_SUFFIX NBI_TYPE_OF_IMP,DTL_TYPE_OF_IMP SPECIAL_CODE STEP_CODE STATUS_WITH_10YR_RULE SUFFICIENCY_ASTERC SUF
FICIENCY_RATING,STATUS_NO_10YR_RULE
26,000000000000007,1,2,1,00023,0,02,001,1040,'BLACK RIVER ' Us-23 ''8.7 MIN OF HARRISVILLE
'99.99,30.576,1,0000017257 4, 44462814,083192703.11,3,01,01,02,1935,2,0,4714,2007,2,13.7,0,0,0,1,1,1,1,5.00,0A,1,5,1.04,0,00,1,0,11.5,9.1,9.10,0,12.2,14 9999 NON999,07776,N,199.31590.4 7,
6N576,.91024N N N 0N2,10,160,17,1,Y,U,5300,2029 N,12/7/2011,8Z 9240
26,000000000000009,1,4,0,00120,0,02,001,19320,AU SABLE RIVER ','BAMFIELD ROAD FH08'4 MI W OF GLENNIE
'99.99,7.173,0,0000030100,76 44333794,083481120,18,3,02,02,07,1978,2,0,1177,2003,5,9.1,0,30,0,0,1,1,1,5,0,00A,1,55,05,0,00,4,0.9.1,16.7,67,00,9.1,9.3 99.99N,0ON99.9,0,5558N,164.2,1,3855 5,
N588,51124N N N ...0N2.00,260000,.5,1580,2023, N 127201182 ,,, 2,0
26,000000000000010,1,4,0,00120,0,02,001,53380, PINE RIVER ', MIKADO GLENNIE RD'1.5 MI W OF MIKADO
'99.99,14.09,0,0000017274,7 44352538,083265312,5,3, 02 02,07,1995,2,0,1450,2003,5,11.9,00,0,1,1,1,1,5,0,0,0A,1,5,5,05,0,00,1,08.7,22.8,237,0,0,10.1,10.4,99.99 N.0N,899,088.87N,1.757,1454 8,
§N577,51124N N N,
26,000000000000011,1,4,0, 00120 0,02,001,53860,'VAN ETTEN CREEK ' 'MIKADOROAD  ''0.5MIE OF MIKADO
',99.99,16.771,0,0000017274,7 44352745,083245190,5,3, 02,02,07,2006,2,0‘1325,2005,5‘12 20,15,0,1,1,1,15000A,155,05,0,00,1,0,12.2,19.7,21.30,0,12.2,13.3,99.99 N.0N,99.9,08.8,8 8 N,1,58.8,1,35.
387N588,51124N N N ,.....0N2,00,120160,Y52650,2025,N,12/71201182 0,99.70
26,000000000000012,1,4,0,00166,0,02,001,37380,BLACK RIVER ','SHAW ROAD
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SPRUCE'99.992 614 0. 0000017262 7 44513266 083354293,2,3,02,02,07, 1955 2,0,1730,2003,0,10.1,0,0,0,0,0,0,05,0,0.0,A,15.3,19.0,00509.2.3 9.19,8,0.0.101_11@%%@12%2@@%?;@?3#10
08480

232755N,57831,130551124N N N, 6758090,,.0N2,00,NN0000,Y823752023,N,5/17/2012BZ

Weather data from NOAA

“STATION","NAME","LATITUDE" "LONGITUDE" "ELEVATION""DATE","AWND","AWND_ATTRIBUTES""DAPR",'DAPR_ATTRIBUTES""MDPR"'MDPR
RCP","PRCP_ATTRIBUTES","PSUN""PSUN_ATTRIBUTES" "SN52" "SN52_ATTRIBUTES" "SNOW" "SNOW_ATTRIBUTES" "SNWD" "SNWD_ATTRIBL
ATTRIBUTES","TMAX""TMAX_ATTRIBUTES","TMIN","TMIN_ATTRIBUTES",'TOBS","TOBS_ATTRIBUTES' 'TSUN""TSUN_ATTRIBUTES" "WDF2" "}
" "WESD""WESD_ATTRIBUTES""WESF" "WESF_ATTRIBUTES" "WSF2""WSF2_ATTRIBUTES" "WSF5" "WSF5_ATTRIBUTES' "WSFG" "WSFG_ATTR
T02_ATTRIBUTES","WT03","WT03_ATTRIBUTES","WT04","WT04_ATTRIBUTES","WT05","WT05_ATTRIBUTES","WT06","WT06_ATTRIBUTES","WT08
ES""'WT11""WT11_ATTRIBUTES"
"USTMIWS0042" "ANN ARBOR 4.5 W, MI US" "42.2781" "
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
“USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042","ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042°"ANN ARBOR 4.5 W, MI US" "42.2781",
“USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042"’ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042°"ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042°"ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US""42.2781",
"US1MIWS0042" "ANN ARBOR 4.5 W, MI US®"42.2781",
“USTMIWS0042","ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042" "ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042" "ANN ARBOR 4.5 W, MI US" "42.2781",
“USTMIWS0042°"ANN ARBOR 4.5 W, M US" "42.2781".
"USTMIWS0042","ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042","ANN ARBOR 4.5 W, MI US" "42.2781"
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042" "ANN ARBOR 4.5 W, M| US® "42.2781".
“USTMIWS0042" "ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
“USTMIWS0042""ANN ARBOR 4.5 W, MI US" "42.2781",
"USTMIWS0042""ANN ARBOR 4.5 W, MI US""42.2781","-83 8188" "278 6" "2016-07-1
"USTMIWS0042""ANN ARBOR 4.5 W, MI US""42.2781","-83 8188" "278 6","2016-07-18",

MIAMIAICANAD *ANIN ADDAD A &1 A1 1IC* *47 27247 * 22 R4RAT 272 A" *IN1R N7 10"

83.8188","278.6","2016-06-16",
83.8188""278.6","2016-06-17",
83.8188""278.6","2016-06-18",
83.8188","278 6" "2016-06-19",
83.8188""278.6","2016-06-20",
-83.8188""278.6""2016-06-21",
83.8188""278.6" "2016-06-22",
83.8188"7278.6""2016-06-23",
83.8188""278.6","2016-06-2¢
83.8188""278.6""2016-06-25".
83.8188"278.6""2016-06-26",,,
83.8188""278.6","2016-06-27",
83.8188","278.6" "2016-06-2¢
83.8188","278.6","2016-06-;

83.8188""278.6","2016-06-

83.8188""278.6""2016-07-0
83.8188""278.6""2016-07-02",
83.8188""278.6""2016-07-03",
83.8188""278.6""2016-07-04",
83,8188""278,6" "2016-07-05",
83.8188""278.6","2016-07-07",
83.8188""278.6","2016-07-08",
83.8188""278.6""2016-07-09",
-83.8188""278 6" "2016-07-10",
83.8188""278.6""2016-07-1
-83.8188""278.6""2016-07-12
83.8188"°278,6""2016-07-13",
83.8188""278.6""2016-07-14",
83.8188""278.6""2016-07-1
83,8188","278,6""2016-07-1:




Methodology

= A four-step framework
e Utilizes graph based data modeling

e lIterative model extension and data integration

Model extension
v |

Data collection> | Graph modeling> | Graph creation > |  Application >

(‘ - Structure analysis Data conversion Basic query

Extract concepts Data loading Complex Query

= Define nodes & , , :
@ - edges Link creation Spatial query

ISARC 2020 Paper #10




Methodology EPL

singhua University

s Graph-based modeling of bridge and environmental data

e Cares more about relationships
e Easy to extend

name: Monroe

code: | |5

—
@ date: 2015/8/8
temperature: 18.3

precipitation: 1.8

%

<
N
)
o
o
~

struct_type: slab
material: steel
length: 18.2
year_built: 1973

id: USIMIOKOQ035

latitude: 42.01796
: WATERFORD 2.1 NWV, M|
longitude: 83.33356 |at?fur2§: .83.5176 © us
other_props: ... longitude: 283.8
“% Y\'}s elevation: 42.5727
i

average_daily_traffic: 5000
average_truck_percent: 25

) date: 2016/3/7
Observation ksnow_depth: 76.0
temperature: 3.3

Navigation

Speciallnspection

vertical clearance: 5.4

horizontal_clearance: 6.2 date: 201 1/09

rating: 7.5
AREZ2020-Paper #10

category: underwater
date: 2010/07




Methodology

singhua University

m Data integration and graph creation

e Data mapper for transforming NBI data to graph nodes

e Scripts to convert properties encoded in NBI

e Creating graph while loading converted data

def get latlong(raw_val):

bridge mapper=NodeMapperDef
label="Bridge', ———

id props=['STATE CODE_( + " STRUI
props={

[ def

3]
node mappers.append (bridge mapper)

other state_responsible_ for=EdgeMapperDef (
label='ResponsibleFor'
src_label='State'
src_id props=['OTHE
dst_label='Bridge',
dst_id props=bridge mapper.id props,

props={

percent:float':'OTHER STATE
}

edge_mappers.append (otheristateiresponsib?j:;-

rel_id='0th te I

degree=float(raw val[:-6€])

minute=float (raw_val[-6:-4])
second=float(raw_val[-4:])/100.0

return degree+minute/60.0+second/3600.0

get date(raw_val):
month=int(raw val[:-2])
year_str=raw_val[-2:]
if int(year str[0])<3:
year=int ('20'+year str)
else:
year=int('19'+year_ str)
return datetime.datetime (year,month,1)

ISARC 2020 Paper #10

LOAD CSV WITH HEADERS FROM
"file:///Bridge.csv" AS row merge
(n:Bridge{id:row.id}) on match set
n+=row on create set n=row;

LOAD CSV WITH HEADERS FROM
"file:///State_To_Bridge.csv" AS row
match (s:State{id:row.src_id}),
(d:Bridge{id:row.dst_id}) merge (s)-
[r:ResponsibleFor]—(d) on match set
r+={percent:row.percent} on create
set r={percent:row.percent};

match (a:ConceptA),(b:conceptB) where
a.ID=b.PropB create (a)-[:RelAtoB]—(b)



Demonstration

= 2011-2016 MI and 2016 WI bridges from NBI database

m 2015/1/1-2016/12/31 Environmental data of Ml and OH

Category Label Amount
Node State 52
Node County 3,228
Node Agency 26
Node Bridge 25, 410
Node Route 1,509
Node Feature 6. 955
Node Traffic 25, 747
Node Navigation 15, 952
Node Improvement 3, 879
Node Inspection 30, 737
Node Speciallnspection 1, 506
Node Station 179
Node Observation 75, 345

Relationship Locateln 28, 628
Relationship OwnedBy 25,411
Relationship Within 26

Relationship ResponsibleFor 25,513
Relationship Carry 25,413
Relationship Intersect 25, 438
Relationship Has 153, 166
Relationship SameAs 21

match p=(:Bridge)-[]—() return p limit 25
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Demonstration

m Scenario 1: query bridges linking two states

m Scenario 2: query nearby environmental data of bridges

match p=(s:State)«[:Locateln..2]-(b:Bridge)-[:SameAs]-
(b2:Bridge)-[:LocateInx..2]—(s1:State) return p limit 2 match p=(b:Bridge)-[:Has]—

(ins:SpecialInspection{category: 'underwater inspection'}),
q=(s:Station)-[:Has]—(o:0bservation) where ins.date=o.date
and o.precipitation>® and exists(o.temperature) return
b.structure_number,ins.date,o.temperature,o.precipitation,di
stance(b.loc_point,s.loc_point)/1000 as distance order by
distance limit 5

e - — -
N _ Bridge No. Date Temperature/°C  Precipitation Distance/km
Responsip).. /mm
000000000011328  2015/4/1 1.7 0.3 5.92
§ P ' B27007400000000 2015/11/1 6.1 3.8 24.05
: &
000000000011884  2015/4/1 -2.2 0.3 27.90

ISARC 2020 Paper #10




Conclusions

= A framework to integrate open government data for bridge
management
e Labeled graph model based on neo4;
e Open data from NBI and NOAA are integrated

e Queries supporting different scenarios

m Future work
e More open data with high quality are needed
e Framework integrating both open and private data

e More explorations and applications

m Scripts available at: https://github.com/smartaec/OpenBridgeGraph

ISARC 2020 Paper #10



https://github.com/smartaec/OpenBridgeGraph
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