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ETB: I will apply the construction dead load to the cap beams as element beam loads and the construction live load as pressure loads to the deck elements. There are 5 different cap
beam load magnitudes for each construction live load and dead load based upon tributary spacing of cap beams. Grouped in the model using the groups shown below. They are:

Group A Caps, 15.125' say 11.34k/42.5' = 0.267klf for construction dead load
Group B Caps, 14' say 10.5k/42.5' = 0.247klf for construction dead load
Group C Caps, 14.125' say 10.59k/42.5' = 0.249klf for construction dead load
Group D Caps, 15.75' say 11.81k/42.5' = 0.278klf for construction dead load
Group E Caps, 15.625' say 11.72k/42.5' = 0.275klf for construction dead load

-Models created for various stages of construction, with both columns and arches investigated. 
-Assume excavator weight is 81k + slab beam pick (20'x4'x1' = 12k) and has an axle spacing of 13.25'. Total axle load is 46.5k. SU4 truck is 54k (including slab beam loads) and
follows the traditional AASHTO axle weights and spacings. Keep a minimum distance of 10' between excavator and wheel loader. 
-Assume the excavator/truck is primarily confined to the CL of the bridge. The truck will transport each slab beam to the excavator, which will pick the slab beam and move it into place.
No other heavy construction vehicle will be on the bridge with the excavator and wheel loader. 
-Braking force, BR, will be 10% of the weight of the excavator + truck: 0.1*(46.5k*2+54k)/42.5' = 0.35klf applied to the cap elements. Assume this load is distributed to only one cap for
conservatism. All stages of construction were analyzed for column loads without braking force, and then the two cases with the highest D/C ratios were re-run with the braking force
included. 
-Previous demo iterations have shown that the arch is sensitive to unbalanced load conditions. The first attempt to rebuild the deck will consist of starting at the west end of Arch A and
building out each slab beam span in full width before moving east into the next slab beam span. If this approach does not work, I will try building Arch Span A in full width slab beam
spans evenly from both the east and west simultaneously. 
-For Arches A and B, the demolition steps have been furthest discretized. Since Arches C and D bridge decks will be deconstructed most similarly to Arch B, only a couple Arch C and
D stages will be modeled to save time. These stages will be chosen based upon those governing Arch B stages. 

APPLY CONSTRUCTION DEAD LOAD (CDL) OF 15 psf x 50' WIDE = 750PLF TO ACCOUNT FOR PROTECTIVE DECKING / DEBRIS CONTAINMENT.

APPLY CONSTRUCTION DEAD LOAD (CDL) OF 50psf x 19' WIDE TO ACCOUNT FOR CRANE MATS ON CENTER 5 SLAB BEAMS + 375 PLF FOR
H-PILES ON SLAB BEAMS. TOTAL CONSTRUCTION DEAD LOAD IN CRANE MAT REGION = 70PSF

APPLY CONSTRUCTION LIVE LOAD (CLL) OF 25 psf x 50' WIDE = 1,250 PLF TO ACCOUNT FOR PERSONNEL AND MISC. EQUIPMENT.

APPLY CONSTRUCTION LIVE LOAD (CR) OF CAT 336 EXCAVATOR: 81,000 lb (ON 2 TRACKS APPROX. 13' LONG) AND SU4 TRUCK (54,000lb)

Transverse Section Showing Bridge Demolition
Initial Sequence and Excavator Placement

CRANE MAT

H H H H H

H-piles between stirrups centered on
precast prestressed slab beams

DURING CONSTRUCTION ("INACTIVE" WIND)

SVC-1:                 1.0 x (DC)     +    1.0 X (CDL +CLL)  +  1.0 x (CR + IM + BR)  +   1.0 CW  + 1.0 (TU)

0.50
0.50

("ACTIVE" WIND OF 20 MPH)

(CDL + CLL) +

EXCAVATOR Cat 336 + SU4

^

BR   =    10% OF CR IN THE LONGITUDINAL DIRECTION

IGNORE THERMAL AND WIND FOR
INITIAL PROOF OF CONCEPT CHECKS

(CR + IM + BR)
IGNORE FOR INITIAL PROOF OF
CONCEPT CHECKS

EXCAVATOR CENTERED ON BRIDGE

Belmont 40 Arch Bridge Superstructure Reconstruction



ASSUME EXCAVATOR IS CENTERED IN 14' SPAN AND REACHES TO ADJACENT 14' SPAN
     PICK RADIUS = 7' + 7' = 14' (SAY 15')

ASSUME EXCAVATOR IS CENTERED IN 14' SPAN AND REACHES TO ADJACENT 20'-3" SPAN
     PICK RADIUS = 7' + 10'-1.5" = 17'-1.5" (SAY 20')

LIFT CAPACITY IS GREATER THAN 20,000 lb.

13.25'

46.5k 46.5k

10' 4'

17k 12k

excavator space truck

REPRESENTATIVE TRUCK DEFINED IN MIDAS
FOR EXCAVATOR PLUS SU4 TRUCK

17k 8k

4' 10'



Comparison of Floorbeam Maximum Positive Moments in Final Condition vs. During Construction

Conclusion: The demo condition, which adds the dead loads of crane mats and protective decking
to the bridge, has lower unfactored floorbeam moments than the original/final condition bridge. The
change in dead load is smaller than the change in live loading (SU7's versus a single excavator).

Final Condition, Unfactored DL+LL+IM (SU7)

Demo Condition, Unfactored DL+LL+IM (Excavator + Loader)

Compare the original/final condition dead and live load to the construction
conditions. Up to three lanes of SU7 can load the floorbeam during the
original/final condition. During construction, one lane of loader/excavator can be
on the bridge, in addition to crane mats and protective decking.

BEL 40 Iteration 3 Rehabilitation  Model.mcb

BEL 40 Iteration 3 Demo Analysis Arch Model Construction Loading.mcb



BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 1.mcb

Max Arch Rib D/C: 0.27 

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 2.mcb

Max Arch Rib D/C: 0.66 

Max Spandrel Column D/C:  0.29

Max Spandrel Column D/C:  0.31



Arch A

Arch A

Arch A

Arch B

Arch B

Arch B

BEL 40 Iteration 3  Deck Reconstruction Analysis Stage 3.mcb

BEL 40 Iteration 3  Deck Reconstruction Analysis Stage 4.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 5.mcb

Max Arch Rib D/C: 0.98 

Max Arch Rib D/C: 0.97*

Max Arch Rib D/C:  0.93

Max Spandrel Column D/C: 0.34

Max Spandrel Column D/C: 0.56

Max Spandrel Column D/C: 0.72

*No construction Live load included in this case



Arch A

Arch A

Arch A

Arch B

Arch B

Arch B

BEL 40 Iteration 3  Deck Reconstruction Analysis Stage 6.mcb

BEL 40 Iteration 3  Deck Reconstruction Analysis Stage 7.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 8.mcb

Max Arch Rib D/C:  0.68

Max Arch Rib D/C:  0.48

Max Arch Rib D/C:  0.37

Max Spandrel Column D/C:  0.62

Max Spandrel Column D/C:  0.46

Max Spandrel Column D/C: 0.34



Arch A

Arch A

Arch A

Arch B

Arch B

Arch B

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 11.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 9.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 10.mcb

Max Arch Rib D/C:  0.35

Max Arch Rib D/C:  0.36

Max Arch Rib D/C: 0.27

Max Spandrel Column D/C: 0.34

Max Spandrel Column D/C: 0.32

Max Spandrel Column D/C: 0.37



Arch A

Arch A

Arch C

Arch B

Arch B

Arch B

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 14.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 12.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 13.mcb

Max Arch Rib D/C: 0.71

Max Arch Rib D/C: 0.88 

Max Arch Rib D/C: 0.74 

Max Spandrel Column D/C: 0.39

Max Spandrel Column D/C: 0.73

Max Spandrel Column D/C:  0.79 (No BR)
Max Spandrel Column D/C: 0.85 (w/BR)



BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 17.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 15.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 16.mcb

Max Arch Rib D/C: 0.47 Max Spandrel Column D/C: 0.66

Max Arch Rib D/C:  0.34 Max Spandrel Column D/C:  0.52

Max Arch Rib D/C:  0.32 Max Spandrel Column D/C:  0.39



BEL 40 Iteration 3  Deck Reconstruction Analysis Stage 20.mcb

Max Arch Rib D/C:  0.31 Max Spandrel Column D/C: 0.39 

Max Arch Rib D/C:  0.34 Max Spandrel Column D/C:  0.45

Max Arch Rib D/C: 0.20 Max Spandrel Column D/C: 0.31

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 18.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 19.mcb



Arch C

Arch C

Arch C Arch D

Arch D

Arch D

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 23.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 21.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 22.mcb

Max Arch Rib D/C: 0.61

Max Arch Rib D/C: 0.49

Max Spandrel Column D/C: 0.36

Max Spandrel Column D/C: 0.35

Max Arch Rib D/C: 0.66 Max Spandrel Column D/C: 0.36



Arch C Arch D

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 26.mcb

Max Arch Rib D/C: 0.33 Max Spandrel Column D/C: 0.35

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 24.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 25.mcb

Max Spandrel Column D/C: 0.35Max Arch Rib D/C: 0.28

Max Arch Rib D/C: 0.35 Max Spandrel Column D/C: 0.37



BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 29.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 27.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 28.mcb

Max Spandrel Column D/C: 0.30

Max Spandrel Column D/C: 0.44

Max Spandrel Column D/C: 0.60

Max Arch Rib D/C: 0.19

Max Arch Rib D/C: 0.58

Max Arch Rib D/C: 0.81



BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 32.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 30.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 31.mcb

Max Arch Rib D/C: 0.61

Max Arch Rib D/C: 0.43

Max Arch Rib D/C: 0.35

Max Spandrel Column D/C: 0.60

Max Spandrel Column D/C: 0.58

Max Spandrel Column D/C: 0.41



BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 33.mcb

BEL 40 Iteration 3 Deck Reconstruction Analysis Stage 34.mcb

Max Arch Rib D/C: 0.34

Max Arch Rib D/C: 0.37

Max Spandrel Column D/C: 0.31

Max Spandrel Column D/C: 0.33



Modified to include SU4 truck and slightly lighter excavator
tread loads as defined earlier in this pdf.

Added these moving load cases for the construction
equipment moving from the left and right and meeting at the
middle of the bridge

increased this load to account for weight of the HP sections

this load used to be the slab beam plus deck load. Now it is
just the slab beam load (slab beams are 12" thick)

updated the load combinations to reflect the loads present
on the bridge during these construction stages.
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