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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maint

des

different types of ISO documents should be noted. This document was drafted in accordan
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documentmay be the

pat

any|patent rights identified during the development of the document will.be'in the Introducf
on thhe ISO list of patent declarations received (see www.iso.org/patents}):
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ent rights. ISO shall not be held responsible for identifying any or all such’ patent rightg

Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
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Introduction

Many mini

ng companies, and many of the engineering companies which provide designs for mines,

operate globally so ISO 19426 was developed in response to a desire for a unified global approach to
the safe and robust design of structures for mine shafts. The characteristics of ore bodies, such as
their depth and shape, vary in different areas so different design approaches have been developed and

proven wit

h use over time in different countries. Bringing these approaches together in ISO 19426 will

facilitate improved safety and operational reliability.

The majority of the material in ISO 19426 deals with the loads to be applied in the design of structures

for mine s
that local §
varies fron
to specific
to specific

hafts. Some principles for structural design are given, but for the most part it is assgiled
tandards will be used for the structural design. It is also recognized that typical equipnpent
1 country to country, so the clauses in ISO 19426 do not specify application of the principles
equipment. However, in some cases examples demonstrating the application of theprinciples
equipment are provided in informative Annexes.

Vi
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Structures for mine shafts —

Part 5:
Shaft system structures
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walLs, conveyance and vehicle arresting structures and dropsets, services supports, rope gu

Scope

5 document specifies the loads, the load combinations and the design proceduresyfor th
ft system structures in both vertical and decline shafts. The shaft system structures
document include buntons, guides and rails, station structures, rock loadifig’structur

orts and box fronts.
k support is excluded from the scope of this document.
5 document does not cover matters of operational safety, or layout of the shaft system str

5 document adopts a limit states design philosophy.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For-dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

19338, Performance and assessment requirements for design standards on structural concn
22111, Bases for design of structtires — General requirements

10721-1, Steel structures —.Part 1: Materials and design

2394, General principles.on reliability for structures

3010, Bases for design of structures — Seismic actions on structures

12122, Timber structures — Determination of characteristic values

19426-1,Structures for mine shafts — Part 1: Vocabulary

19426-4, Structures for mine shafts — Part 4: Conveyances.

e design of
covered by
s, brattice
ide anchor

uctures

Pir content
pplies. For
[s) applies.

ete

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 19426-1 apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at http://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org

© ISO 2018 - All rights reserved
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4 Symbols

A frontal area of the conveyance (m?2)

a gap at a joint in a rail (m) (see Table B.2)

Bfand By, two sides of the section in Table 3, for aspect 3

b height difference between two rails at a support to the rails (m) (see Table B.2)
Dy self-weight of pipe including any lagging (N/m)

d vertical or lateral differential at a joint in a rail (m) (see Table B.2)

d; deformation of the relevant structural component (m).

ds depth of the conveyance guide shoe (m)

E; emergency rope load

Ep emergency load on a protective platform

e maximum moving beam misalignment of the guide (m) {see Table B.1)
e’ modified moving beam misalignment of the guide ()

F design load or load effect (N, Nm)

Fp dynamic load on the platform (kN)

Fp load on station footwall structures (N;N/m?2)

Fp load on personnel loading and access platform structures (N, N/m2)
Fy vertical load (N)

G1 and Gy permanent loads or load effects (N, Nm)

Gp permanent load applied to brow beams (N, N/m2)

G conveyance self-weight load (N)

Gp permanentload applied to pipe supports (N)

Gs permanent load applied to sidewall support structure (N)

Gy permanent load on conveyor supports (N)

g acceteratiomdue togravity {ir/s2)

H lateral imposed load (N)

Hg guide roller load (N)

Hg lateral slipper plate load (N)

h overall width or depth of the section or height of the bulk material (m)

lever arm distances of the relevant slipper plate loads with respect to the relevant cen-
troidal axes (m)

2 © ISO 2018 - All rights reserved
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(m)

hss, if

hy height of the ore pass (m)

hq height through which the rock falls; to be taken as the depth of the rock pass

Ll mass moments of ipertia of the:' conveyance about the centroidal axes perpendicular to
the relevant direction of the slipper plate load (kgm?2)

K conveyance holding device support load (N)

kb lateral stiffness of the steelwork at the guide to bunton connection (N/m)

g non-dimensional lateral steelwork stiffness at the guide to bunton connectie

kg lateral stiffness of the steelwork at the guide midspan (N/m)

kr roller assembly stiffness (N/m)

L guide span, bunton to bunton (m)

Lc member length (m)

Lp assessed length of pipe supported on the pipe suppart (m)

M guide bending moment coefficient (obtained€rom Figure 2)

Mg maximum guide bending moment (Nm)

Me proportion of the conveyance mass éffectively acting at a slipper plate (kg)

my mass of the largest rock (kg).

me mass of the conveyance (empty or full) including the compensating sheave m
applicable (kg)

n number of wheels on the conveyance

p surface presstire on the layer of girders (kN/m2)

P, load on atrresting structures (N)

a slipper plate load coefficient (obtained from Figure 1)

Pg1] P42, Pq3.~\oads on station dropsets (N)

Ph hydrostatic pressure (N/m2)

Py vertical impact load on penthouse structures (N)

Q conveyance payload (N)

Q1 dominant imposed load or load effect, or the applied load causing fatigue (N, Nm)

Q2 to Qn additional independent imposed loads or load effects (N, Nm)

Qe emergency load or load effect (N, Nm)

R; single rock impact load on the box front (N)

rk steelwork stiffness ratio = kp/kg

© ISO 2018 - All rights reserved
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ru rebound velocity ratio (obtained from Figure 5)

rui rebound velocity ratio on the stiffer side (obtained from Figure 5)

Iu.2 rebound velocity ratio on the less stiff side (obtained from Figure 5)

s penetration depth into the bulk material (m)

S frequency of guide roller load application (percentage of buntons passed deemed to

cause guide roller load application) (see Table B.1)

s, frequenc_y_of rail impact loa_\d application (percentage of rail joints passed deemedtg
cause rail impact load application) (see Table B.2)

Ss frequency of slipper plate load applications (obtained from Table B.1)

T slinging load (N)

Ts static load applied to slinging anchorage (N)

U load due to underslung equipment (N)

Up impact energy on a protective platform (J)

1% winding velocity (m/s)

Wy wheel impact load arising from rail joint irregularity (N)

w lateral wheel load acting normal to the rail (N)

Wh conveyance wheel load acting normal tethe rail (N)

VA impact energy of the falling rock(J)

Qa conveyance impact factor

adl conveyance loading impact factor

aq? rail impact factor due to rail irregularities

43 s_haft impact factor due to the change in direction from the decline shaft to the staf
tion dropset

ar hoppet:door opening impact factor

ai preportion of potential energy transferred into impact energy on the box front

aj lateral wheel load factor (see Table B.2)

an nominal slipper plate impact factor

ar shaft condition factor (see Table B.1)

as sling impact factor

Ay wheel dynamic factor

ay wheel horizontal load factor

B dynamic load coefficient

4 © ISO 2018 - All rights reserved
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Bs slipper load amplification factor

Os conveyance displacement coefficient (obtained from Figure 3)
Ye partial load factor for emergency loads

¥1 t0 Ytn partial load factors for imposed loads

Yg1 and yg2 partial load factors for permanent loads

&t

transverse rock strain, as defined by rock engineering analysis

friction factor between the hopper payload and the door

o ¥, load combination factors
angle between the horizontal and the shaft decline
angle between the dropset and the shaft decline
total lateral displacement of a conveyance (m)
specified clearance between slipper plate and\guide (m)

sum of guide gauge and slipper gauge variations, or the rail gauge variations
Table B.1 and Table B.2)

maximum allowable guide gaugevariation (m) (see Table B.1)
lateral guide displacement:(fn)
overlap allowance (m)which shall be taken as not less than 0,003 m

slipper plate weat (m) (see Table B.1)

Materials

Materials used in the construction of shaft system structures should be as specified in EN 19

204
pro

6

-1 for concrete; 1SO 10721-1 for structural steel and ISO 12122 for timber. All materials u§
perly gradedumaterials.

Nominal loads

bulk density of ore pass contents, or the bulk density of hopper payload/{(kg/3)

(m) (see

7-1 and EN
ed shall be

6.1

6.1.

Permmanentioads

1 Self-weight

Self-weight loads shall be assessed in accordance with [SO 22111.

6.1.

2 Brow beams and sidewall support structures

Where required, the permanent load, Gy, applied to brow beams shall be assessed considering the rock
over-break but shall be not less than a uniformly distributed load of 20 000 N/m2. Where fractured or
weak rock conditions are encountered, loading shall be specified in consultation with the rock engineer.

© ISO 2018 - All rights reserved
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The permanent load, Gs, applied to sidewall support structures shall be assessed considering the rock
properties and over-break but shall be not less than a uniformly distributed load of 5 000 N/m2. Where
fractured or weak rock is encountered, loading shall be specified in consultation with the rock engineer.

6.1.3 Pipe supports

The perma

:Lp

nent load, Gy, applied to pipe supports shall be obtained using the following Formula:
Dn

€y

is
m
su

fo1
su

Dy is
6.1.4 Co

The perma3
design pra

6.2 Imp

6.2.1 Ge

Shaft systg
ISO 22111.

6.2.2 Guide support structures

6.2.2.1 H

6.2.2.1.1

It shall be 3

a) Guide
The lo

the assessed length of pipe supported on the pipe support. In the absence of betterjinfor-
ition, the assessed length, for vertical pipes, shall be taken to be the length of pipe from t
pbport below the one in question to the support above the one in question (m);

horizontal or inclined pipes, the assessed length shall be taken as the lerigth of pipe from
pport to the left of the one in question to the support to the right of the.one in question (m|

the self-weight of pipe including any connections and lagging (N/m):

hveyor supports

nent load, Gy, on conveyor supports shall be assessed\in accordance with normal convg
Ctice.

psed loads and load effects

neral

m structures shall be designed to resist the imposed loads as assessed in accordance
In addition, they shall be designed\to resist the loads defined in 6.2.2 to 6.2.14.

ixed guides in vertical shafts in shaft zone A (see annex A)

Lateral imposed’loads (H) and maximum guide bending moment (M)

issumed thiatonly one of the loads defined in (a) and (b) below can act at any one time.
rollerJoad (Hr):

hdnormal to the guide face or the guide sides shall be taken as

the

yor

vith

Hf:kr

AC

where

kr

Ac

is the roller assembly stiffness (N/m);

is the specified clearance between slipper plate and guide (m).

© ISO 2018 - All rights rese
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b) Lateral slipper plate load (Hs):

Slipper plate loads shall be assessed in two directions, namely, normal to the face of the guide and
normal to the sides of the guide. These loads shall be assessed for both full and empty conveyances
and shall be applied to the guide in the vicinity of the connection to the bunton, considering the
action of only one slipper at a time, i.e. it is assumed that the slipper plate load normal to the face of
the guide and the slipper plate load normal to the sides of the guide cannot occur simultaneously.

The lateral load between any slipper plate and the guide, Hs (N), shall be taken as:

(— 400m,,vze\

L
The proportion of the conveyance mass effectively acting at a slipper plate, me (Kg);is:
mgl1
me — S2 142 - (4_)
(1112 +msh211 +msh112)
The non-dimensional lateral steelwork stiffness at the guide to bunton connection, a, s:
—  kpl?
kp === (5)
mgv
The steelwork stiffness ratio, r, is:
k
g
Where, in Formulas (3) to (6),
an is the nominal slipper platelimpact factor which in the absence of better infornjation shall
be taken as 2,0;
P is the slipper plateoad coefficient (obtained from Figure 2);
b
Mme is the proportion of the conveyance mass effectively acting at a slipper plate (kig);
1% is the winding velocity (m/s) - see Figure 1;
e is thésmaximum moving beam misalignment of the guide (see Table B.1) (m) - s¢e Figure 1;
L is'the guide span, bunton to bunton (m) - see Figure 1;
mg is the mass of the conveyance (empty or full) including the compensating sheaye mass,
where applicable (kg);
I, Iz mass moments of inertia of the conveyance about the centroidal axes perpendicular to
the relevant direction of the slipper plate load (kg/m2);
kp is the lateral stiffness of the steelwork at the guide to bunton connection (N/m);
NOTE See COMRO User Guide No. 21 for a method of incorporating the stiffness of the
conveyance into the steelwork stiffness.
kg is the lateral stiffness of the steelwork at the guide midspan (N/m).

© ISO 2018 - All rights reserved 7
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1
Key
1 buntonp 3 axis1
2 guides 4 axis2

Figure 1 — Freebody diagram of lateral load

¢) Maximum guide bending moment (M)

The maximum guide bending moment resulting from slipper plate action shall be assessed for both
slipper plate load directions.

The maximum guide bending moment, Mg (Nm), shall be taken as:

2
—400m_v-e
My =on, [Mf] (7)

where

8 © ISO 2018 - All rights reserved
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an, Me, v, e,and L are as defined above;

M is the guide bending moment coefficient (obtained from Figure 3).

(o) £ VI A OV

N

600 e, 125
%
0,2

1000
1500 kg3
2000
3000

o oo
o oo
[Ty} ~o

Key

non-dimensional lateral s(eg)!ork stiffness at guide to bunton connection k
2 |steelwork stiffness ratj

N

igure 2 — Contour plot of slipper plate load coefficient E

&
6.2{2.1.2 &rtical loads (Fy)
e

Thd \@%cal loads, Fy, shall be taken as follows.

a) The friction induced vertical load, Fy (N), acting during slipper plate contact on each guide shall be
taken as

Fy = 0,5H; (8)

b) The vertical loads induced by the action of conveyance holding and braking devices shall be
rationally assessed. The vertical loads due to conveyance holding devices shall be in accordance
with ISO 19426-4.

© ISO 2018 - All rights reserved 9
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Figure 3 — Contour plot of guide bending moment coefficient M

6.2.2.2 Hixed guides in vertical shafts in shaft zone B (see Annex A)

6.2.2.2.1 [Lateral loads-(/]) and maximum guide bending moment (M)

Where the[shaft zonelis'B, the lateral loads and maximum guide bending moments are as defined
A in 6.2.2.1.1, except that the maximum moving beam misalignment of the guide, ¢, shall be

shaft zone
replaced by the modified moving beam misalignment, e”

’

e’ =e+2e L

where
e isthe maximum moving beam misalignment of the guide (m);

&t isthe transverse rock strain, as defined by the rock engineering analysis;

L  isthe guide span, bunton to bunton (m).

6.2.2.2.2 Vertical loads (Fy)

Where the shaft zone is B, the vertical loads are as defined for shaft zone A in 6.2.2.1.2.

for

(9)

© ISO 2018 - All rights reserved
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2.3 Fixed guides in vertical shafts in shaft zones C and D (see Annex A)

2.3.1 Lateral loads (H) and maximum guide bending moments (M)

Where the shaft zone is C or D, the lateral loads and maximum guide bending moments shall be
rationally derived in accordance with the dynamic behaviour of the shaft steelwork and conveyances in
these shaft zones.

6.2.

2.3.2 Vertical loads (Fy)

Fay

Wh

6.2
The

6.2

6.2
Thd

whd

Wh
aWI

1 h | £ - Val Y 1 - 1.1 1 1 Lo 1L h | £ At [ W e
C1C LIIC SIIAdIU ZUOIIC 15 U O U, UIIC VET LILATL IO4dUS dI'C d5 UCTIIICU 101 SIIdIT ZOINC A Tl O.4.4.1.4.

2.4 Fixed guides in conveyance loading zones

loads on fixed guides in conveyance loading zones shall be as specified in 1SQ;19426-4.
2.5 Decline shaft wheel loads

2.5.1 Conveyance wheel load acting normal to the rail (W},)
wheel load, Wy, (N), acting normal to the rail shall be taken as:

W - oy (Gc +Q)cos®d

n

(Acting at every wheel)

ay is the wheel dynamic factor;
Q isthe conveyance payload (N);
G. isthe conveyance self weightload (N);

D4 is the angle between thehorizontal and the shaft decline;

n  is the number of wiheels on the conveyance.

bre the rail misaligament falls within the tolerances defined in Table B.2, the wheel dynz
shall be taken a$-specified in Table 1. Where a greater rail misalignment exists, the whe

factlor shall be inereased on a rational basis.

Table 1 — Wheel dynamic factor

(10)

mic factor,
el dynamic

Shaft condition Wheel within rail length Wheel at rail joint
Good 1.2 2.0
Average 1,2 2,5
Poor 1,2 3,5

The wheel impact load on each wheel, W, (N), at rail joints shall be calculated by rational analysis.
Alternatively, the impact factor on each wheel may be taken as specified in Table 1.

© ISO 2018 - All rights reserved
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6.2.2.5.2 Lateral conveyance wheel loads (/)
The lateral wheel load, W) (N), acting at every wheel shall be taken as:

W)= aWy (11)

where

W) is the lateral wheel load acting normal to the rail (N);

: 1 1ot 1 1. 11 J L i L Tolla R DN
al IS L1IIT IAdlTI al WIiITTI IUAdU IdClUul LDCC 1IdUIT LJ.L.).

6.2.3 Fixed flare guides

The loads ¢n fixed flare guides, applicable to rope guide systems, shall be as specified in-6:2:2.1.
6.2.4 Station structures

6.2.4.1 Station footwall structures

The load op station footwall structures, Ff, shall be taken as any one of‘the following loads actinjg in
isolation:

a) uniformly distributed load of 5 000 N/m2;
b) aconcentrated load of 5 000 N applied anywhere over an@area of 0,1 m x 0,1 m;
c) the comveyance floor loads as specified in ISO 19426+4; or

d) theloads that might arise from any equipment lowered down the shaft.

6.2.4.2 Rlatforms

The load op personnel access platforms, F},,"shall be taken as any one of the following loads acting in
isolation:

a) aunifdrmly distributed load of 5000 N/m?2; or

b) a vertical impact point léad equal to a static load of 5 000 N applied anywhere over an arep of
0,1m % 0,1 m.

6.2.4.3 (anopy stritctures

In the abselnce of better information, the vertical impact load on canopy structures, Pp, shall be takeh as
a vertical lpad“ef'20 000 N, applied anywhere on the penthouse over an area of 0,1 m x 0,1 m.

6.2.4.4 Conveyance holding device support
The conveyance holding device support load, K, shall be in accordance with ISO 19426-4.

Where the holding device clamps onto guides, the guides shall be capable of resisting the clamping force.

6.2.4.5 Brattice screens, screens and screen supports

In the absence of better information, all screens shall be designed to resist each of the following loads
acting independently:

a) ahorizontal impactload of 5 000 N applied anywhere on the screen over an area of 0,1 m x 0,1 m;
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where screens are required to protect personnel during crowd personnel loading, a

uniformly

distributed horizontal line load of 2 000 N/m applied along a line 1,5 m above the footwall or

platform level;

where screens protect personnel remote from personnel loading locations, the load shall be as

specified in ISO 22111.

6.2.4.6 Guard rails to stairs, landings and platforms

Guard rails to stairs, landings and platforms shall be designed to resist a uniformly distributed load as

spe

cified in IS0 22111 in anv direction transverse to the handrail

6.2

Slinging anchorages shall be designed to resist a slinging load, T (N), using the following For

whg

6.2
Wh

be dlesigned to resist a load calculated on the basis of energy principles. Unless better infq

ava

6.2

6.2

Thd
Thd
pre

6.2

Wh
The

6.2

4.7 Slinging anchorages

T=0oT;
re

as is the sling impact factor which in the absence of a rigorous’analysis shall be taken 3
Ts is the resultant static load applied to the slinging anchorage (N).

4.8 Station buffers

bre conveyances enter horizontal stations in décline shafts, the buffers or conveyance

lable, the impact velocity shall be taken as\t,0 m/s.
5 Rockloading structures

5.1 Surge and spillage bins

loads applied to surge and)spillage bins shall be assessed assuming that the bin is com
pressures during filling’and emptying shall be assessed using a recognized containe
ssure theory.

5.2 Measuringflasks

ere relevant, the load applied to the flask shall be assessed assuming that the flask is com
pressutes during filling and emptying shall be as specified for skips in ISO 19426-4.

5.3, * Rock loading station floors

mula:

(12)

s1,5;

stops shall
rmation is

bletely full.
d-material

bletely full.

Rock loading station floors shall be designed to resist a uniformly distributed load of 5 000 N/mZ2.
Where spillage can occur, this load shall be increased to 10 000 N/m2.

6.2.5.4 Box fronts

The loads on box fronts shall be taken as the most severe of a pressure (a), or a concentrated load (b),
see below. These two loads shall be assumed to act independently, and not in combination, in the
following way.

a)

If it can be shown that dry, granular rock conditions will exist in the ore pass, rational analyses
may be used to assess the loads on box fronts. If not, the load applied to box fronts shall be based on

reference pressure, py (N/m2), using the following Formula:

© ISO 2018 - All rights reserved
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pn = pPghy (13)

where
p isthe density of the ore pass contents (kg/m3);
g isthe acceleration due to gravity (m/s2);

hy _is the height of the ore pass, for heights of up to 30 m, or equal to 30 m for ore passes of
height in excess of 30 m (m).

This pressure shall be applied to all components of box fronts, including concrete’in-fill aras,
chutes|and radial gates.

b) All majin structural components of box fronts shall be designed to resist a single rock impact 1load

on thebox front, R, which shall be based on energy considerations. The impact energy of the falling
rock, 4 (]), shall be taken as:
Z; =ajhggm, (14)

where

ai is the proportion of potential energy transferred inte-impact energy on the box front;
hq is the height through which the rock falls; to bestaken as the depth of the rock pass (m);
g isthe acceleration due to gravity (m/s2);

my is the mass of the largest rock (kg).

The proportion of potential energy transferred into impact energy on the box front, a;, shall be bgdsed
on a rationpl assessment of energy losSes'in the rock pass, or it may be taken as:

1) 0,8, when the rock pass is inclined at more than 70° to the horizontal;
2) 0,6, when the rock pass isinclined at less than 70° to the horizontal;
3) 0,3, when there is a-degleg in the rock pass not more than 15 m above the box front.

The impacf load shall be calculated assuming plastic deformation of the structural components of{the
box front, but shallbe taken as not less than 100 000 N, and need not be taken as more than the ppint
load strengthof(the rock. The single rock impact load on the box front, R; (N), is obtained using|the
following Hormula:

R =21 (15)
where

Z; isthe impact energy of the falling rock (]);
d; isthe deformation of the relevant structural component (m).
This load shall be taken as acting in a direction parallel to the axis of the ore pass.

The mass of the rock may be based on a rock size limited by the physical constraints of the rock handling
system, but the rock size shall not be taken as less than 0,02 m3.
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The plastic deformation of the relevant structural component, dj, shall be taken as being in the range
from 2 % to 5 % of the span of the relevant structural component.

The beams surrounding the chute and the door of the box front may be designed using plastic design
methods. The columns and other main steelwork shall be designed to remain elastic.

NOTE The main structural components include the columns, struts, beams and anchors, but
chute and doors.

6.2.5.5 SKkip tipping loads

Wh

6.2

Op¢

or at stations in decline shafts, for the purpose of absorbing low speed impactienérgy. These

sha

whg

Thd
occ

6.2

6.2
ope]
usiy

exclude the

bre relevant, the tipping loads shall be determined as given in ISO 19426-4.

6 Operational arresting structures
rational arresting structures for conveyances can be used at end of wind positions in vert

1 be designed to resist the greater of the following loads:

P,=0(G.+Q),or
P,=0(G.+U)

re

a is the conveyance impact factor;

G 1isthe conveyance self-weight (N);

Q isthe conveyance payload (N);

U istheload due to underslungeguipment (N).

impact factor, , shall be asse$sed by the consideration of energy principles, assuming t
irs at 1,0 m/s, or at the specified creep speed of the winder, if available.

7 Station dropsets

7.1 The loads, applied to station dropsets in decline shafts shall be evaluated on tl
rational requirements. The most severe one of the following loads may be considered whe
g the following Formulas:

a) Pgi= Gc + adr (Q)

ical shafts,
structures

(16)

(17)

hat impact

he basis of
e relevant,

(18)

appiied at the station toading poSition Wiere the CONVEYATITe 15 tocated Ol te stati

during loading (N);
b) Pd2 = adz (Gc + Q)

applied anywhere along the station dropset (N);

) P43 =ad3 (Gc+ Q)

applied where the conveyance leaves the shaft rails and enters the station dropset (N);

where, in Formulas (18) to (20),

© ISO 2018 - All rights reserved
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aq1 is

aqz is

ad3

the conveyance loading impact factor;

the rail impact factor due to rail irregularities;

dropset;

G: is

Q is
6.2.7.2 T
6.2.7.3 T

6.2.7.4 T
otherwise

6.2.7.5 T
as (1,0 + 2,

6.2.8 Pipe supports

!

rts, as appropriate, shall be designed to resist any of the following loads, or a combination of

Pipe supp
loads, usin
a) the sta
b) theloa
c) thedy
d) theloa
e) a stab
compr
the pip
f) suppor
applicg
g)
with w

the conveyance self-weight (N);

the conveyance payload (N).

is the shaft impact factor due to the change in direction from the decline shaft to the station

he proportion of these loads applied at each of the conveyance axles shall be considered:
he conveyance loading impact factor, aq1, shall be obtained from ISO 19426-3.

he rail impact factor, @qp, shall be taken as 1,0 where the rail on the dropset has no jo
t shall be taken as 1,5.

D sind ), where O, is the angle between the dropset and the shaft decline.

b the assessed length, Ly, of pipe supported:

tic loads arising from the weight and pressure.of the contents of the pipe;

ds resulting from flow in the pipe, particularly at bends;

hamic loads resulting from transientpressures (for example, water hammer) in the pipe;

ds resulting from thermal expansion or contraction of the pipe;

pssion in the pipe wall in‘vertical shafts, or equal to 2,5 % of the maximum compressio
e wall in decline shafts or horizontal haulages;

ts to ducksfoot suppert bends shall be designed for the loads obtained from the simultang
tion of vertical-and horizontal pressure thrusts, including the effects of transient pressure

ater.

Pipe suppolrt leads should be determined using a pipe network flexibility analysis computer programn

nts,

he shaft impact factor, a43, should be assessed from energy principles, or it may be tgken

lity load acting in any direction transverse to the pipe, equal to 1 % of the maxinjum

h in

ous
E; OT

the logds obtainedby assuming the horizontal portions of all compressed air pipes to be half fillled

me.

6.2.9 Ro

pe guide and rubbing rope anchor supports

The loads applied to rope guide and rubbing rope anchor supports shall be rationally assessed.
Cognizance shall be given to the method of applying the tension to the rope guides or rubbing ropes
when considering thermal loads.

6.2.10 Brattice walls

6.2.10.1 Vertical loads

Brattice wall panels which rely on vertical wedge action for support shall be designed to support, in

addition to

16

their self-weight, the vertical load from two additional panels.
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Brattice wall panels on a ledge support system shall be designed to support the weight of all panels for
a height equivalent to twice the distance between the ledge supports.

6.2.10.2 Ventilation pressure and thermal loads

The load acting normal to the surface of a brattice wall panel shall be assessed taking into consideration
the differential air pressures due to ventilation air flow. In addition, thermal load effects due to
temperature differences between upcast and downcast airflow shall be considered.

6.2.11 Strain loading

6.2{11.1 Rock strain

Theloads induced by rock strains shall be assessed. Where rock strains occur within the linjits of shaft
zong A, as specified in Annex A, the rock strain induced loads may be ignored.

6.2{11.2 Thermal strain

Calgulation of thermal strain loads shall be based on local conditions,
6.2]12 Ladderway loading
6.2{12.1 The load applied to rungs or steps shall be taken.as2 000 N.

6.2112.2 The vertical load applied to the ladderway.stringers on each side of the ladderwpy shall be
tak¢n as 1 200 N/m length of ladder.

6.2)12.3 Where handrails are fitted to ladderways, the load applied to the handrail shall lpe taken as
1 000 N/m acting in any direction transverse'to the hand railing.

6.2J12.4 The intermediate platforms shall be designed for a minimum of 2 000 N/m?2.

6.2{13 Conveyance drop testloads

Where a drop test is performed within the mine shaft, the loads shall be as defined for dogging system
loadls in ISO 19426-4.

Proyided the connéctions between adjoining guide lengths are adequate to transfer conveyance drop
testloads, the conveyance drop test loads may be distributed over a maximum of five buntoin levels.

6.2]14 Earthquake loads

Earthiguake loads shall be determined in accordance with ISO 3010.

Where deemed necessary, underground structures shall be designed using a normal degree of
importance.

Underground structures may be designed using the equivalent static method, except where the
representative peak ground acceleration for the region exceeds 30 % of gravity acceleration, in which
case the dynamic method shall be used.
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6.3 Emergency loads
6.3.1 Emergency arresting structures

6.3.1.1 The emergency loads applied to conveyance emergency arresting structures in the shaft
or vehicle emergency arresting structures at stations shall be assessed using energy principles. The
assumed entry velocity in these calculations shall be one of the following.

a) Inthe case of vertical shafts, 50 % of the maximum design velocity.

b) In the paseofdectinesiafts, the vetocity achiteved by a detact [TVEYAaTCe T e frecly dowh its
rails, fpr whatever distance free travel is possible.

c) Inthe fase of horizontal rails at stations in decline shafts, the maximum design velocity:

d) Inthe tase of vehicles at stations, the maximum travelling speed.

6.3.1.2 The sum of the elastic and plastic strain energy capacity of the emergency: arresting strucfure
shall exceefl 75 % of the impact energy of the conveyance or vehicle.

6.3.2 Emergency stopping devices

Where conjveyances operating in vertical shafts are fitted with emergency stopping devices (dogg) or
where conyeyances in decline shafts are fitted with a braking system'to stop the conveyance in the eyent
of loss of tgnsion in the rope or rope detachment, the resulting loads shall be as defined in ISO 1942p-4.
The resulting loads applied to the shaft guides or rails shall b&treated as emergency loads.

\)

The brakinlg deceleration used for deriving the braking leads shall be taken as not less than 3,0 m/s
6.3.3 Pipe supports

6.3.3.1 Where pipelines have been designed and equipped with devices to reduce the effectp of
transient pressures (for example, water hamier), the dynamic loads resulting from transient pressyres,
that could flevelop should devices fail to'perform satisfactorily, shall be treated as emergency load.

6.3.3.2 The loads that arise from-breaks in the pipeline shall be treated as emergency loads. Where
multiple pipelines are supported.on a common pipe support only one break need be considered.

6.3.3.3 Where a changé. in direction occurs in a pipeline, consideration should be given to providing
a pipe anchor support.en both sides of the direction change to accommodate a possible break in|the
pipeline.

6.3.3.4 Thehorizontal portions of all compressed air pipes shall be assumed to be filled with watdr as
an emergencycondition.

6.3.4 Spillage winch support and sheave support structures

The emergency rope load, E; (N), shall be taken as the nominal aggregate rope breaking load or 1,15
times the estimated rope breaking load.

6.3.5 Brattice walls
Areas of brattice walls local to locations at which blasts or gas explosions can occur shall be designed

to resist blast or explosion pressures of not less than 20 000 N/mZ2. This load shall be treated as a short
duration, emergency load.
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6.3.6 Impactload on protective platforms

The emergency load on a protective platform, Ej, shall be taken as the load resulting from impact energy
on a protective platform, Up, (J), of:

where

Pp the mass of any object that can fall down the shaft (kg);

H the fall distance (m);

g gravity acceleration (9,8 m/s2);

a, the air resistance factor, see Table 2.

Thg mass of any object that can fall down the shaft, Pp (kg), shall be taken astiot less than:

a) |10 % of the maximum payload of the conveyance applied over an;area of 0,5 m2, wh¢re rock or
material is carried in conveyances;

b) |the maximum mass of equipment applied over the area of the equipment, where equipmegnt is slung
below conveyances.

Table 2 — Air resistarnee factor, a,

H (in) 200 300 400 500 600 700 800 900 1000 | 1104 1200
a 0,96 0,95 0,93 0,92 0,90 0,89 0,87 0,86 0,85 0,84 0,83

Thd emergency load on a protective platform, Ey, shall be calculated on a rational basis from|the impact
enefgy, Up.

7 |Design procedures

7.1 Design loads

Thg nominal loads for@perating and emergency conditions shall be obtained from Clause 6/)Structural
relipbility shall be efisuired to the extent envisaged in ISO 2394. This can be achieved by the hpplication
of partial load factors and load combinations in accordance with ISO 22111 together with gppropriate
resistance facters.

See|Annex<6&:for additional guidance.

7.2| “Design codes

The design of components of shaft system structures shall comply with the provisions of ISO 19338,
ISO 10721-1, and ISO 12122.

7.3 Design of emergency arresting structures

Plastic deformation of emergency arresting structures under emergency loads is acceptable, provided
the following applies:

a) the deformation results from a ductile material;
b) no buckling of components occurs;

c) the maximum plastic strain does not exceed half the strain of the material at tensile failure;
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d) plastic deformation takes place in structural components or energy absorbers and not in
connections;

e) plastic deformation is limited to the extent that the impacting conveyance or vehicle cannot pass
through or over the emergency arresting structure.

7.4 Design of emergency stopping device supports

Provided the connections between adjoining guide or rail lengths are adequate to transfer emergency
stopping device loads, the emergency stopping device loads may be distributed over a maximum of five
bunton or silllevels

Plastic deformation of emergency stopping devices and the guides or rails on which theyact shall
not occur.

7.5 Spegial design requirements for shaft steelwork in different shaft zones

7.5.1 Shpft zones

Shaft zone$ are defined in Annexes A and B.

7.5.2 Shpft steelwork within shaft zone A

No special precautions are required to accommodate the expected.strains.

7.5.3 Shpft steelwork within shaft zone B

Suitable expansion joints or adjustable connections shallbe provided to accommodate the strain of|the
shaft wall.

7.5.4 Shpft steelwork within shaft zone C
All shaft steelwork shall be either
a) isolated from the shaft wall, or

b) provided with connections, which are vertically and horizontally adjustable, at all point§ of
attachment to the shaft wall

Suitable exipansion jointssshall be provided.

7.5.5 Shpft steelwork within shaft zone D

7.5.5.1 Alll shaft steelwork shall be isolated from the shaft wall.

7.5.5.2 Suitable expansion joints shall be provided, including a closure joint of sufficient length to
allow for the predicted closure at the reef intersection.

7.5.5.3 Suitable provision shall be made to accommodate the predicted lateral dislocation of the shaft
at the reef intersection.

7.6 Additional limit states

7.6.1 Lateral displacement of conveyance

The total lateral displacement, A, of conveyances within the shaft system and an overlap allowance,
A, shall not exceed the depth of the conveyance guide shoe, dg, so as to prevent disengagement of the
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conveyance from the shaft guides. Calculate the lateral displacement of conveyance using the following
Formula:

A=Ay +Ag+ Ae + 2Ac

A+ Ay <dg

where

7.62 Fatigue

(22)

(23)

A isthe S|ippel= plate LAk (thained fromTable B 1))
AP

0s 800e (where 65 is obtained from Figure 4) (m);

Ac is the specified clearance between the slipper plate and guide (m);

A, is the overlap allowance (m), which shall be taken as not less than' 0,003 m;

ds is the depth of the conveyance guide shoe.

Ag is the lateral guide displacement [caused by the slipper plate load], which shallbe'taken as

Ae is the sum of the guide gauge and slipper gauge variations (obtained fremTable B.1)| (m);

Memmbers subject to fluctuating loads shall be assessed for fatigue damage. The combined effects

of
ge

Theg number of cycles for slipper plate action dutihg travelling shall be based on the frequenc
platle load applications, Ss (obtained from Table B.1), for different shaft conditions. The numb
for guide roller action during travelling shall be based on the frequency of guide roller load 3

St

Fa

7.6]3 Rebound velocity' ratio

In

notlexceed a valGe-of 2,0.

7.644 Amplification of loads and load effects

If thedateral steelwork stiffnesses on either side of a conveyance compartment are different,

la{n 15 fcaniiazanca
p LCI1vay, Sblll/l\/ U\/llullls ITIUIIICIIU AdITU bUllVL/_y darIcce ulﬂyl“bblll\/lll. CAILUIAlLUU IVUL LIIC ICO0 OolI1I1T O

A staft condition classification is specified in Annex B.

neral, the number of cycles for fatigue loading shall' be determined from the required shaf

(¢btained from Table B.1), for differefit'shaft conditions.

tigue does not require to bé checked under emergency load conditions.

terms of good practice, the rebound velocity ratio, ry, of conveyances, obtained from Figui

Vjariable stress range cycles shall be assessed using a recognized method such as Mingr's rule. In

- life.

y of slipper
er of cycles
pplication,

e 4, should

the slipper

ad gt do o Ao o oo aat o X Aicnlacarannt colo o d Co b a lace ol ff o

de shall be

increased by the following slipper plate load amplification factor, Ss:

w1
ﬁsz =
W)

where

ru.1 is the rebound velocity ratio on the stiffer side (obtained from Figure 5);

ry.2 is the rebound velocity ratio on the less stiff side (obtained from Figure 5);
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Figure 5 — Contour plot of rebound velocity ratio, r,

7.7] Provision for wear.and corrosion

No allowance is madein this document for material loss due to wear or corrosion. Separate|provisions
sha|l be made to protect the equipment against wear and corrosion.

7.8| Design)of protective platforms

Protective platforms shall cover the entire shaft cross section.

Wh ook 1okl : & + Loalosl el Less 1 £#H-the desi
Creaprotective pratrornr comptrisesa stractarar pratror fir witir air overty g 100Se 11T, the esign

procedure described in Annex D may be used.

8 Construction requirements

8.1 General

All construction shall be completed in compliance with the requirements of good engineering practice
as described in the appropriate national standards and specifications.
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8.2 Construction tolerances

All construction of shaft system structures shall comply with tolerances as specified by the appropriate
national standards and specifications, and in addition the tolerances given in Table 3.

Table 3 — Shaft system structures construction tolerances

Aspect Permissible deviation (A)
1 |Length of mine shaft guides, L
Length after cutting measured on the centre lineof | || ~

the seftion JL

1

In the case of mine shaft guides, the member length

L is the member length of the guide of the guide shall be chg

2 Curvd or camber

Deviation from intended curve or camber at the mid-
length of the curved portion when measured with
the w¢b horizontal

A =L/1000 or 6 mm whichever is the
greater

In the case of mine shaft guides, A shall not exceed

or 3 mm, whichever is greater
2000

3 WidtlLand depth for hollow section'mine shaft B £ A
guide|

Width| of Bf or By,

Brand| By, are the two sides.of the section

A=1mm

Bw A
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Table 3 (continued)

Aspect

Permissible deviation (A)

4  |Squareness for hollow section mine shaft guides
h is the overall width or depth of the section

A =h/100

5 | |Twist for hollow section mine shaft guides

Lc is the member length of the guide

Le

but shall not exceed 2 mm
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Annex A
(normative)

Shaft zone classification

Mining operations and geological conditions lead to strains of differing magnitude in the rock

immediateprsurrous

rock chang
on the fur
structures

given in Taple A.1.

vourraundinatha chaft Ac connm Ac paining anaratione commaanecn tha nateal oty 10 the
e EtRe-SAate—AS- 500 aSs R E-operateonSconReRecetne-Ratbar-Stati-ih

es due to extraction of rock. These changes in rock strain can have a significant influgnce
ctional performance of mine underground structures, and in particular on mine" shaft
Four shaft zones are defined, based on the predicted strain changes not exceedjng the lifnits

Table A.1 — Upper elastic strain change limits for shaft zones

Maximum strain changes (x 10-3)

Zone Longitudinal Transverse 3, DiStortion
Tensile | Compressive
A 0,35 0,25 50 (e/L) 0,075
B 1,00 1,00 100 (e/L) 2,00
C No upper limits
D Reef intersection zoie

a  The symbols used in this column are the following:

e isthe normal maximum moving beam misalignment of the guide;

L isthe guide span, bunton to bunton.

26
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Annex B
(normative)

Shaft condition classification

B.1

General
=enera:

Shaffts shall be classified into condition categories as shown in Tables B.1 and B.2~becs:

use of the

corfelation between structural loading and maintenance. These tables may be applied in different ways

by the designer. For example, if the designer anticipates poor maintenance of a_sHaft, the
conkider high loads. On the other hand, the operator of a shaft designed to accommodate onl
fordes shall make sure that the maintenance programme keeps the system\performance
appropriate range.

The individual or group that classifies a new or existing shaft shall be-in a position to evalj
ifications of the decision, including capital cost versus maintenance cost trade-offs.
a system as category C for design and as category B during operation would be appropri
degradation by one category will ensure that the design will*always be conservative rela
expected performance of the structural system.

Shafft conditions can vary considerably within one shaft,’and consequently different shaft cla
may be used for different portions of any shaft.

Vertical shafts

Table B.1 gives key values from which the shaft condition classification of existing vert

Hesign will
y moderate
within the

hate all the
Specifying
hte. Such a
tive to the

bsifications

ical shafts

may be determined, and from which-the shaft condition classification of new vertical shalfts may be

preflicted. Table B.1 also gives the viagious factors used in this part of ISO 19426 for definin
fatigue cycles for vertical shafts,

Decline shafts

Tablje B.2 gives key values from which the shaft condition classification of existing decline sh
determined, and frem’ which the shaft condition classification of new decline shafts may be
Table B.2 also gives the various factors used in this part of ISO 19426 for defining loads :
cycles for decline shafts.

b loads and

hfts may be
predicted.
ind fatigue
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Table B.1 — Shaft condition classification for vertical shafts

Maintenance category

F Conveyance with Conveyance without
actors @ . :
guide rollers guide rollers
A B C D
Good Average Poor
Greater of Greater of Greater of Greater of
e 0,005 m or 0,010 m or 0,020 m or 0,020 m or
L/1000 L/500 L/250 L/250
St 25% 50 % 100 % —
Ss 5% 10 % 20 % 100 %
ar 0,25 0,5 1,0 4
Ae 0,005 m 0,007 m 0,012 m 0,007 m
Ae 0,003 m 0,005 m 0,010 m 0,005 m
Aw 0,012 0,012 0,012 0,012
Horizonta] accel- 5m/s2 to 10 m/s2 to
2 2
eratign <5m/s 10 m/s2 20 m/s2 <5>m/s
Frquency of rea- 3 months 6 months 12 months 6 months
lignmént
Expectlei(fiei atigue 256 n years 16 n years nyears n/5 years

ar is the shpft condition factor;
Ae
Ael

Ay s the slipper plate wear.

a  The syn}bols used in this column are the following:
e isthe mdving beam misalignment of a guide;
St is the frdquency of guide roller load application;

Ss is the frgquency of slipper plate load application;

is the sum of the guide gauge and slipper gauge variations;

is the maximum allowable guide gauge variation;

Table B.2 —<Shaft condition classification for decline shafts

Maintenance category

Factors 2 A B C
Good Average Poor
a 0,002 m 0,004 m 0,006 m
d 0,001 m 0,002 m 0,005 m
e 0,005m 0,010 m 0,020 m
b Gauge/500 Gauge/250 Gauge/150
Ae +5 mm, -3 mm +10 mm, -5 mm +15 mm, -7 mm

%)

d
e
b

The symbols used in this column are the following:

is the gap between the rails at a joint in a rail;

is the transverse or normal differential at a joint in a rail;

is the transverse or normal moving beam misalignment at the support of a rail;

is the height difference between two rails at a support to the rails;

Ae is the rail gauge variation;
Sy

ay isthe wheel horizontal load factor.

is the frequency of rail impact load application;

28
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Table B.2 (continued)

Maintenance category
Factors a A B C
Good Average Poor
Sr 25% 50 % 100 %
ay 0,1 0,2 0,3
Hoisting speed >5m/s 1-5m/s <1 m/s

[

The symbols used in this column are the following:

a 1s the gap between the rails at a joint in a rail;
d 1s the transverse or normal differential at a joint in a rail;
e ik the transverse or normal moving beam misalignment at the support of a rail;

o

s the height difference between two rails at a support to the rails;
Ae [is the rail gauge variation;

Sr [is the frequency of rail impact load application;

ay |is the wheel horizontal load factor.
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Annex C
(informative)

Load factors and load combinations

C.1 Gengeral
This anney provides guidance with respect to load factors and load combinations which comply With
the requirgments of 7.1. The partial load factors and combination factors given in this annex.providg for
the level off reliability envisaged in ISO 22111 for ordinary consequences of failure.
NOTE Throughout this annex, “load” can also be read as “load effect”.
C.2 Operating conditions
C.2.1 Partial load factors and load combination factors
The appropriate values for partial load factors and load combinatien factors as given in Table 1 shquld
be used.
C.2.2 Lopd combinations
For load combinations, the design load, F, should be obtaiited from the following Formula:
F=YgG1 +Yg2G2 +¥1101 "‘['Pzi/szz +-~-+'f’n7’ann] (oY
where
Yg1 and yg2 are the partial load\factors for permanent loads;
¥£i to Yfn are the partialdoad factors for imposed loads;
G1 and|G3 are the.permanent loads, including self-weight of the structure and structural
compenents;
Q1 isthe dominant imposed load under consideration [any one or more of Table C{1,
¢olumn 1 (imposed loads)];
Q2 to {y are the additional independent imposed loads [any one or more of Table C.1, coll-
umn 1 (imposed loads)];
Y to ¥, are the load combination factors.
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