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AHAB Company Profile

Engineering and Construction of Infrastructures:
Dams, Tunnels, Pipe Lines, Irrigation Plants,...




AHAB Background

Short Course About
Waste Management In Experience
Manufacturing

Question About Lean
Application On
Construction

Trustworthy For Clients

Acquainting With Lean Risk Taker
Construction Literature

Karlsruhe Seminar Tunneling Project

Tehran\Workshop SADRProject

Application of lean‘on :
mechanized tunneling ProposalioGConstructistations




* Course About Waste
Management In
Manufacturing Including:

* Search To Check Lean
Application

e Acquainted With Lean
Construction Institute
Web Site Y,

\

e Karlsruhe - LIPS
conference

e Tehran workshop

J

e Application of lean b
on mechanized

)

tunneling

General terms learned:

Poka yoke

Mistake proof

6 sigma

58

Design for production
Lean production

Master minds:

* Glenn Ballard, PhD
» Gregory Howell, P.E.




Teheran Sept. 27 - 29, 2010
By Prof. Dr. - Ing. Fritz Gehbauer. M.S

participants of the workshop:

QClient: TEHRAN URBAN AND SUBURBAN
RAILWAY COMPANY (METRO)

O MC: TEHRAN BEHRQ CONSULTING ENGINEERS
Q) EPC CONTRACTOR OF TUNNELING OF

PHASE ONE: AHAB CO.

~

Main concepts of seminar:

&

N

“* What is Lean?

¢ factors which are
hindering project work

¢ The Last Planner
System (LPS) of Project
Planning and Control

s New forms of
cooperation

¢ Alliancing, Team
building

¢ The Big Room

J




Group work on

the planning of
tunneling

project phases
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What Were Tehran Workshop's Effect...?

A
Q Trust and cooperation
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New and Successful A

Collaborative

Planning

With The

Public Client, CONSUINe



- _

&
-

n

-

X
' E
. : ’ “

_ MECHANIZED TUNNELING TBM PROJECT
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Phase One
14.8 Km

Phase
Two
S K

Phase Three

South Part of the Project:
Tunneling Line 6 of Tehran Metro by Mechanized TBM Machine




Tunneling C
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With a TBM and
very Limited
Space at the
Tunnel Face
Just In Time

Is a
Must. . .|




How Was This Achieved...?

Unloading Segment Loading Segment

CycleTme | 15 | Min Cycle Time, Wi
Associates | 2 | staff = Associates | 2 | staff| g C\
QyPerCycle| 1 |Ring QuyPercycle| 1 |Ring

——FIFO—»

Unloading Grout

Rlpnisitoading [ j Note: Transport time depends on tunnel
Grout length and slope

Cycle Time.

0 | Min Cycle Time | 30 [Mmin

Tt i e

osoraes | 2 osonaes | 3 [san
Divein
Qypercyde] 10 |m Qypercye] 10 |m
vMT
Unloading Foam Loading Foam
Baiches . Batches D

- CyceTme | 2 | min CydeTme | 2 | min
Assocmes | 2|t Aesoces | 2|t C\
Drivein
) QuPercyce| 1 | ma 3 umes a day Qupercyoe| 1 | ma
~ / - /
Note: Mechanical and electrical parts are
) Unloading Mastic Loading Mastic H carried by the same MSVs, which
- -4 = — —_— Grose o) transport the segment.
M
CycleTime | 2 | min Taon Tomene] CycleTime | 2 | Min Procurement
2 r Associates | 1wt — Associates | 1|t g C\
r j { ( j f j ( ( Qu Per Cycle| 500 | Ko Once a day Qu Per Cycle| 500 | Kg
’ ) Loading Mechanical
Note:
-~ IJ IJ - f Installation Unloading Mechanical parts ( Water supply ote
Mechanical parts parts part, Conveyer Belt,
air dygt,...)

Cycle Time [contmuoua] M CcycleTime | 30 [ Min T

CydleTime | 30 | Min
2 PN T vt i
Associates | 3 Associates | 2 | Staff Associates | 2 | Staff C\

J o
ECIannZed

—

Loading Electrical
Installation Electrical Unloading Electrical parts ( Water supply
parts parts. part, rail, Conveyer

Belt, air duct,...)

Note:

At —] cycleTime | 10 [ min CycleTime | 20 | Min

- -
2 L
- ’ - QuyPerCycle| - [Item Qupercycle| - |tem Once a day Qupercyce| - |nem

Tenran Metro 4

Grout Injection Excavation
Cycle Time |arapie| Min ] cycleTime |yarione| Min
4 ] ,-4 Associates | 2 |[staff Associates | 1 |Staff
jfj D I r Qy per s Q percyele| 15 | m
(N
—_— S rf _J M IJ Construction

Foam Injection

w
Cycle Time [ gy Min [«—

Associates | 1| staff

Quy Per C m3 Excavation

e e M e

Segment Erecti

Cycle Time | 2535 [ Min

Associates | 2 | staf

QyPerCycle| 1 |Ring Ring Building

Mucking Haul by
Conveyer Belt through
tunnel

Loading and hauling
soil

(Transpon Muck temporary
30
fsws-anlgi deposit for drying the o —
= soil e [Yree] 0 ime | varable | Mi i
MuckDF;f’:;:nenl s Gy tme | %0 [n Cycle Time [vanabie [ win Mucking out
Associates | 1| sua] Associates | 1| staf nssociaes | 1 [suit




HOW WAS THIS ACHIEVED...?

Lean construction concepts and means were applied
for control of the TBM operation to identify the
amount and the extent of the effective
uncertainties. It was enhanced by using turtle

diagrams & cause and effect diagram

ALY




How Was This Achievec

»
oV.
TEM Diameter of cutter head 5.15 m TEM Supervisor miechanic engineer 1
Conveyor To transporting scil cut of the tunnel TEM operator Trained operator 1
Powier plant 5 MW power plant for TBM Electrical supervisor Electronic emginser 1
Water Power plant controler Electronic engineer 4
Rail Cue tomoving TBM TEBM serviceman Skilled Labour 2
lifting segments from M5V and put them on HEE {conveyor belt) Skilled Labour 2
acuum lifting dewvice feedar Welder Labour 2
segment feader Transporting segments to erector Erector operator MMechanic technician 2
Erector Installing Seements on the unnel wall Segment feeder operator MMechanic technician 2
Grout responsible Skilled Labour 2
Kechanical part responsible Mechanic engineer 2
PLC man Electronic engineer 1
VIT responsible SUrveyor 1
Installing air duct responsible Skilled Labour 1
Cleaner Labour 3
‘ Sum 27
Alignment design AHAB —
Tunnel diameter 2.15m
Awverage of advancing 15 my/day {10 rings/ day)
excavation capadty 24 m/day (16 rings/day) : ) Advanced (m/day) Pre!:-are:l ft?r ring
Length of the tunnel 11700 m _-/ﬂ Ew;:ra_nnzrm_ 15?5:5!,1 rl_ng:I —'-, |n5213:11::n
. i ting duration min ’ Number of built rings per day ani
Field geotechnical AHAB Ring Installing Durstion 2535 min
investigation Process before Process after
Face pressure Gueno consulting engineers Segment production Ring Installation
key position in accordance with path direction Stee! Coge Production Muck out
WMT Transporting Grout, Wirste Water
Required gr_\c-ut rateina 8m3 /ring Foom, Greass,...
ring
- i
TBM Excavating instruction Herrenknecht Co. Efficiency Advance rate [meter/menth)
Rail installation Rail Daily Excavation Meter
Adding conveyor belt [each 250 m) Conveyor belt Dreviation rate Confiict with designed direction
Water Supply instraction WMT Reporst
electrification instruction cable hook bolt Excavation standard O5HA
feeder charging instruction Hemrenknecht Co.
Grout injection instruction
installing & adding air duct




How Was This Achieved...?

Enviroment Materials

|[Human resources|

Not delivered on time

Lack of collaboration with human resource

Competence

Insufficient Training

Water supply -pipe

Not delivered on time

Inappropriate
order time

groundwater

Unexpected event

Qanat (Underground aqua galleries)

nonconformity with specification

Grout /i
Bad Quality
Segments

Insufficient experience

Inappropriate order time
Insufficient Skills

Not delivered on time
Inappropriate
order time

Inappropriate Plan Staff Interference

Unexpected Geotechnical conditions _
Long loading

Insufficient training

Inappropriate assignment

[
Ll

Wrong loading

Not delivered on time

Bad Quality

Segment feeder

Inappropriate storage

Conveyer belt

Wrong loading of segment

Erector

Inappropriate instructions

Failure in design

Over staffing

|Lack of relevant between
labor and work

| Electrical & PLC failure Insufficient works for perform

| Electrical & PLC failure

Methods Equipments



COMPARISON OF TUNNELING CONSTRUCTION PROJECTS IN TEHRAN

4 ) * Same Project
AHAB Has Had * Same Ground Condition
More Progress In < * Same Equipment
Tunneling * Same Environment
[} * .
Construction y Same City

More

Collaboration
Less Reworking

More Quality

Less Cost
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The factory is divided&
- e - INTO two parts with 4

ITEr I F T r e T
e ———i—==% lines assigned to 4

: dv‘ﬁ' T U=t ~ ‘.ﬁ' 3
TSR Nk Lo

=

7 7" groups of workers

The segment factory is designed for 9 sets which form 9
complete rings...




<~ENERGY SAVING

<+REDUCED INVENTORY

<+INCREASE QUALITY




Production of The work begins by de-molding the previous day or shift

production, all segments one by one <€
Other activities are added to complete the process

Work Flow 1

I A e —— s | I
=\ 6 ’T 6::?_ = T‘ - P .| TErT
4 I_] Qe | n. [_1 {ﬂ Q- \‘Q""'L_] | ) TETYT]
! ' 3 —-- y I 046
il l[18= Q‘; o D dIL
LimT RS T Bl T [
1::] ¢ i Jt:J g ¢ ® ¢ 11::4 ' Dayshift Nightshift
¢ o'l (o] == YUB= OF=P |
D ‘ . L D D ﬁ ' D || start 7:00 Start 20:38
) b l:: F = FA ‘ 1t Concreting 10:38 1%t Concreting 00:38
' % é % — 'R‘, T 4 | Last Concreting 14:30 Last Concreting 4:38
I:] s D [] It & ' ||| Curing during 10 hrs. Curing during 10 hrs.
—& \,3\./\'6) #,‘-_— v (] yrﬁ;b Earliest de-molding time for 20138 Earliest de-molding time for 10:38
D 2o it w1 0. D LL:J g D | 1%t concreting 15t concreting (Next day)*
. I 1 ] _‘_t/ :
; ) o . ! Earliest de-molding time for Earliest de-molding time for
1 \ : | . 00:38 . 14:38
D B0 2 | last concreting last concreting

This means: that day shift can't start

@ Opening Mould  ===5 min ) Putting Reinforcement inside the mould

s working at 7:00 am on next day!

7 Picking up the SEEMent w5 min

O CONCTEUNG e 4 Min

Cleaning and Oikng == 5min SMOOthiNG === min



designed to consider the importance of curing duration required
and also in order to place plant facilities

<€

Work Flow 2

¥

o2

Dayshift
Start 7:00
1%t Concreting 7:33
Last Concreting 17:00
Curing during 10 hrs.

Earliest de-molding
. ik 17:33
time for 1t concreting

Earliest de-molding .
time for last concreting '

Nightshift

Start

1%t Concreting

Last Concreting

Curing during

Earliest de-molding
time for 1t concreting
Earliest de-molding
time for last concreting

For creating the possibility of a two full cycle

production with the cheapest curing system,
the work flow 2 is the only chance

19:00
19:33
5:06
10 hrs.
5:33
(Next day)

15:06
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140
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68
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54
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9000

11
9000

13
9000
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Segment

damaged
egment
ecked
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Total number
of st




A Specnlal Form o! Cooperatllon WIItH THe PuElllc

Client

Second Part Of The Contract With The Price Of 100 Million Dollars Which Consist
Of Building 13 Stations .

Financial resources of project is
supported by a barter treaty which
entitled “Sadr Complex”. It defines
AHAB company as a investor on
Engineering, Procurement and
Construction of 9 stations in line # 6

and 4 stations in other lines.(1,2 &3)




Through Visions and Dreams to Reality of Leadership

and Lean on
Tehran Metro Line #6

EXPErIENCe:

Shorticourse:
About\Waste

lrustworthy)
EOTIGIIENTS]

C;,uestion SADRS
A RiskiTaker: Projact
Proposal
Acquainting 40 \ DN \
With Lean Karisnihe! CONSTRUCLIO: N f M!’ M w
Uniyzrsity Junneling: nistations:

la:'ola'ﬁlh]puo)
Dptimize WJ.B
\\.\Ailolla J'wa

Broject;

i ehran
Workshop!
Application
Of Lean On
Tunneling

tunneling project of South part of
line # 6



Tunnelin rated Project

More
Coordination
\Viore
Quality
Less Legal
Claim

Advanced
tunneling
Rate
Saving Time
More Safety

Some Results Of Integration
To Optimize Whole of Project




PROBLEMS DURING CONSTRUCTION
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Hard to access - ;
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Water table

City mechanical,
slectricalland other:
facilities




LAST PLANNER

W& Tehran Metro Line 6 South Part

an.

ary site mobilization asd
ite land handover 04 T
Fixing requrement permission ET]
Resolve conflict 304
[ Commencing site mobilization | IEX]
= Construction of Ramp & Access galery 153d
& Construction of the ramp 354
Construction pile & inserting Hepile & concreting 304
Trench digging 54
Construction of the tunnel gate 204
Construction of the tunnel gate structure 34
& Construction of the access gallery 10d
Excavation of the access gallery 604
shatcrte of the tunnel wall 604
Lighting 604
Excavation (tcket hal to plarform) 604
access gallery stabilizaton (tcket hllto plarform) 604
lighting ticket hal to plarform) 604
& Access Construction 304 L
Excavation 304 @
excavation & bar bending & concrting 104 1
Access gallery 104 i
idlle main gallery 60d =
Weekly Work Report
Clent Wewo Category of variance Totalactvites
: 1 s
s Contractor A¥AB Co - -
3 2 | engineering/Desien | o Submittals
= Project €6 station 5 Owner decision 10 | Approvals/ Permits (G
Planner Name s Weather 11| equpment D=
5 | rercausiework | 12 R
s Labor
) - 2 s
$ assignment Desciption o 5 PPC Analyss
c: 3 3
A Desciption Reasons for Varince | &
3
11 Boring well Executive | Unapproved Drawings | 1€
Excavation & beneath consolidation of )
e 2 7
3 | scovation & upperconsoldationel | grevorne » B T
1 [uldingrames o access llerytothe | :‘ 4
I .. v r——
s T T 7 [ESS——

M Category...
N HEE A AL H HE
o 5 'C ©c > Q v [] i
o 9 a9 S 0O = = O ¥
- Q s € 2 3 I ©
d @ ®m S 8 a T x a
S O 5 g w I7)
[=% O & <«

e prereauisite work 3

o Engincering/ Design

—— 2 —i—

— e ]

— Equipment 0

—_—

1 2

3

4

5

6

bor week week week week week week



How Was This Achieved...?

0 Task Name

WLy STehran Metro Line 6 South Part 471.38d v v o
e = Primary site mobilization 45d Tl me SChedU|e
" EX Site land handover 0d
f e Fixing requrement permission 30d
: Resolve conflict 30d
) I Commencing site mobilization | 30d
: E Construction of Ramp & Access gallery 153 d =
Network = Construction of the ramp 35d
Diagram Construction pile & inserting H-pile & concreting 30d
Trench digging 25d
Construction of the tunnel gate 20d
Construction of the tunnel gate structure 3d
E Construction of the access gallery 120d = weekly Re port
Excavation of the access gallery 60 d
Shotcrete of the tunnel wall 60 d
Lighting 60d
Excavation (ticket hall to plarform) 60d Weekly Work Report
access gallery stabilization (ticket hall to plarform) 60d
lighting (ticket hall to plarform) 60d Client Metro Category of variance TotalActivities
= Access Construction 30d : 1 | Schedulling/Coordination| 8 Contracts/ CO's Activities Completed
; ] Contracto AHAB Co.
Excavation Jod E et 2 Engineering/ Design 9 Submittals Percent Planned Complete
excavation & bar bending & concreting 10d £
Project E6 station 3 Owner decision 10 | Approvals/ Permits (PPC)
Access gallery 10d
= Middlle main gallery 50d Planner Name 4 Weather 11 Equipment Des.
5 Prerequisite work 12 RFl's
Ice
- diti
3' assignment Description Msz:gﬂe — PPC Analysi
Fri Done?
Description Reasons for Variance
Yes No
11 Boring well Executive / Unapproved Drawings
excavation & beneath consolidation of )
1-2 access gallery to ticket hall (60m) Executive ////// H /
Catego ry of va ria nce 13 excavation & upper consolidation of Executive %////// / high water table
15 Executive /////// /
14 / y
13 N Executive ///////// / ‘ high water table ’
12 &
11 iong of access to the ticket hall Executive / proved Drawings
10
9
8
7
1 Category of &
variance 3
3
2 e
1 High Wate
0 — — 19 ater
@ S F DT S table
X & P AY & &L P Q'b <0
& @Q"b & Y @’5‘ & & Q"o X ° 06\
(4 R N [9) N) N 9
X 2 ¢ 9 R ¢
XIS ] o« <@




How Was This Achieved...?

High underground
water level caused
serious problems
in construction of
station.

And, one of the
most important
causes of
variances is
inapplicable
design.

Category of variance

15
14
13
12
11
10
9
8
m Category of 7
variance 6
5
4
3
2
1
0 . .
R S TS T S R P T I AR A N - R - B
P X T F P S EE S
80 F T W& e K S
L & & N > ¥ e & @)
b& 0‘7} W e & S N\
& @) & O £ )
AP Q¢ K
RN \s
4
== Prerequisite work
== Engineering/ Design
== Materials 2 il—
=>¢=Prerequisite work
=== Equipment
1
=0=|abor -
0 Py - - —i

week 1 week?2 week3 week4 week5 week6
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What Has Been Achieved...?

N .y

Contractor 13
’.0‘

Tunneling
Project

————————————————————

‘~__________________—

—_—

Whole Project

Contradiction of the values in project pieces

Resolved by INTEGRATION



NOW, WE HAVE
TRANSPARENCY

MUCH MORE THAN

BEFORE _
(We Had It But Not This-Much)-—~—-




- Information tools (55- 5W-
fishbone diagram- Pareto
diagram-...)

- LIPS Concept

-JIT

-Technical knowledge

- Sadr project

- Cultivation

~ Tehran Workshop

~ Application of lean on
mechanized tunneling.

~ Experience

~ Trustworthy For Clients

" Risk Taker

~ Tunneling Project

~ SADR Project

- Lean Construction
Management

- Increasing Cooperation

- Increasing transparency

- increasing education

- Accept more risk

- Trust for AHAB

SUMIMARY

All involved people who are
trained and cultivated
(Client, MC, Contractor,...)

Optimization whole
project instead of piece
Continuous improvement
Reduced waste
Better coordination
- innovation




rease level
trust and
cooperatiol

Get everyone
involved

Develop new
forms of
cooperation
with public
client

Continuous
improvement

New Project Prospect Created

TEHRAN-CHALUS FREEWAY

)




